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PART  I— DESIGN  AND  CONSTRUCTION 


SECTION   1 
ELEMENTS  OF  STRUCTURAL  THEORY 


DEFINITIONS 


1.  Structure. — A  structure  is  a  part,  or  an  assemblage  of  parts,  constructed  to  supporl 
certain  definite  loads.  Structures  are  acted  upon  by  external  forces  and  these  external  forces 
are  held  in  equilibrium  by  internal  forces,  called  stresses. 

2.  Member. — A  member  or  piece  of  a  structure  is  a  single  unit  of  the  structure,  as  a  beam, 
a  column,  or  a  web  member  of  a  truss. 

3.  Beam. — A  beam  is  a  structural  member  which  is  ordinarily  subject  to  bending  and  is 
usually  a  horizontal  member  carrying  vertical  loads.  In  a  framed  floor,  beams  are  members 
upon  which  rest  directly  the  floor  plank,  slab,  or  arch. 

A  simple  beam  is  one  which  rests  on  supports  at  the  ends.  A  cantilever  beam  is  a  beam  hav- 
ing one  end  rigidly  fixed  and  the  other  end  free.  Extending  a  simple  beam  beyond  either  sup- 
port gives  a  combination  of  a  simple  beam  and  a  cantilever  beam.  A  beam  with  both  ends  fre( 
and  balanced  over  a  support  is  also  called  a  cantilever  beam.  A  restrained  beam  is  one  which  is 
more  or  less  fixed  at  one  or  both  points  of  support.  A  built-in  or  fixed  beam  is  a  beam  rigidlj 
fixed  at  both  ends.      A  continuous  beam  is  one  having  more  than  two  points  of  support. 

4.  Girder.— A  girder  is  a  beam  which  receives  its  load  in  concentrations.  In  a  framec 
floor   it  supports    one  or  more   cross  beams  which  in  turn  carry  the  flooring.     The  tern 

'girder"  is  also  applied  to  any  large  heavy  beam,  especially  a  built-up  steel  beam  or  plat< 
girder.  In  Bethlehem  steel  sections  the  terms  "beam"  and  "girder"  are  used  to  denot< 
rolled  sections  of  different  proportions  (see  Sect.  2,  Art.  26). 

6.  Column. — A  column,  strut  or  post  is  a  structural  member  wltich  is  compressed  endwise 
A  strut  is  usually  considered  of  smaller  dimensions  than  either  a  column  or  post. 

6.  Tie. — A  tie  is  a  structural  member  which  tends  to  lengthen  under  stress. 

7.  Truss.— A  tr^lss  is  a  framed  or  jointed  structure.  It  is  composed  of  straight  member: 
which  are  connected  only  at  their  intersections,  so  that  if  the  loads  are  applied  at  these  inter 
sections  the  stress  in  each  member  is  in  the  direction  of  its  length.  Each  member  of  a  truss 
is  either  a  tie  or  a  strut. 

The  span  of  a  roof  truss  is  the  horizontal  distance  in  feet  between  the  centers  of  supports 
The  rise  is  the  distance  from  the  highest  point  of  the  truss  to  the  line  joining  the  points  of  sup- 
port. The  pitch  is  the  ratio  of  the  rise  of  the  truss  to  its  span.  The  upper  or  top  chord  con- 
sists of  the  upper  line  of  members.  The  lower  chord  consists  of  the  lower  line  of  members 
The  web  members  connect  the  joints  of  the  upper  chord  with  those  of  the  lower  chord. 

8.  Force. — Force  is  that  which  tends  to  change  the  state  of  motion  of  a  body,  or  it  is  thai 
which  causes  a  body  to  change  its  shape  if  it  is  held  in  place  by  other  forces. 

9.  Outer  Forces. — The  external  or  o\iter  forces  acting  upon  a  structure  consist  of  the  ap- 
plied loads  and  the  supporting  forces,  called  reactions. 

10.  Inner  Forces. — The  internal  or  inner  forces  in  a  structure  are  the  stresses  in  the  diflferenl 
members  which  are  brought  into  action  by  the  outer  forces  and  hold  the  outer  force* 
in  equilibrium. 

11.  Dead  Load. — Dead  load  is  the  weight  of  a  structure  itself  plus  any  permanent  loads. 
In  design,  the  weight  of  the  structure  must  be  assumed ;  and  the  design  corrected  later  if  the 
assumed  weight  is  very  much  in  error.  Brick  and  concrete  construction  have  the  largest  dead 
load  relative  to  the  total  load. 
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12.  Live  Load. — Live  load  is  any  moving  or  variable  load  which  may  come  upon  the 
structure — as,  for  example,  the  weight  of  people  or  merchandise  on  a  floor,  or  the  weight  of 
snow  and  the  pressure  of  wind  on  a  roof.  The  total  load  or  dead  load  plus  live  load  must  be 
used  in  design.  In  addition  the  dynamic  effect  or  impact  of  the  live  load  must  often 
be  considered. 

13.  Statically  Determinate  Structures. — A  structure  is  statically  determinate  when  both 
outer  and  inner  forces  may  be  determined  by  the  aid  of  statics.  If  all  the  outer  forces  may  be 
found  by  statics,  the  structure  is  said  to  be  statically  determinate  with  respect  to  the  outer  forces 
whether  or  not  it  is  possible  to  determine  the  inner  forces  by  the  same  means  (see  definition  of 
"Statics,"  Art.  30). 

Wooden  beams,  pin-connected  trusses,  and  steel  beams  resting  on  horizontal  supports 
are  ordinarily  statically  determinate.  Small  riveted  trusses  and  steel  beams  in  a  framed  floor 
are  commonly  assumed  in  design  as  statically  determinate. 

14.  Statically  Indeterminate  Structures. — Structures  which  cannot  be  statically  deter- 
mined are  those  which  the  equations  of  statics  will  not  suffice  to  design.  All  rigidly  connected 
building  frames  are  statically  indeterminate. 

STRESS  AND  DEFORMATION 
By  Walter  W.  Clifford 

15.  Stress. — Stress  is  the  cohesive  force  in  a  body  which  resists  the  tendency  of  an  external 
force  to  change  the  shape  of  the  body.  For  example,  if  a  steel  rod  supports  a  load  or  force  of 
30,000  lb.,  it  has  in  it  a  stress  of  30,000  lb.     This  is  called  the  total  stress. 

If  a  force  tends  to  stretch  a  member,  the  resulting  stress  is  called  tension  or  tensile  stress. 
[f  a  force  tends  to  shorten  a  member,  the  resulting  stress  is  called  compression  or  compressive 
dress. 

If  the  above-mentioned  rod  has  a  cross-sectional  area  perpendicular  to  its  axis  of  2  sq.  in., 
md  the  load  is  uniformly  distributed,  it  has  a  unit  stress  or  intensity  of  stress  of  15,000  lb.  persq. 
n. — that  is,  the  unit  stress  is  the  total  uniformly  distributed  stress  divided  by  the  cross-sec- 
tional area,  or  /  =  -j  • 

If  the  load  on  a  member  is  increased  until  the  member  fails,  the  highest  unit  stress  sustained 
s  called  the  ultimate  stress.  Some  materials,  notably  steel,  after  being  stressed  to  the  ultimate, 
sustain  a  gradually  lessening  load  until  failure.  The  unit  load  at  failure  is  called  the  rupture 
•dress  (see  Fig.  1). 

16.  Deformation. — WheneveiLany  material  is  subjected  to  the  action  of  a  force,  it  changes 
;hape.  This  ehang;e  in  shape  is  called  deformation  or  strain.  The  former  term  will  be  used 
n  this  book.     The  deformation  per  unit  of  length  is  called  the  unit  deformation. 

All  structural  materials,  within  the  limits  of  working  stresses,  follow  very  closely  Hooke's 
Mw  which  is  that  deformation  is  proportional  to  stress.  Thus,  if  a  force  of  1000  lb.  stretches 
i  rod  1  in.,  a  force  of  2000  lb.  will  stretch  the  same  rod  2  in. 

17.  Modulus  of  Elasticity. — The  ratio  between  stress  and  deformation  is  commonly  called 
he  modulus  of  elasticity,  which  term  will  be  used  in  this  book.  Coefficient  of  elasticity  and 
Young's  modulus  are  synonymous  with  modulus  of  elasticity.     The  value  of  the  modulus  of 

ilasticity  varies  with  different  materials,  but  in  any  case  E  =  -    where /is  the  unit  stress  and 

is  the  deformation  per  unit  of  length.  The  same  linear  unit  must  be  used  in  computing  the 
mit  stress  as  for  measuring  the  deformation.  This  unit  is  commonly  the  inch,  except  where  the 
netric  system  is  used.  It  may  be  noted  from  the  curves  (Figs.  1-4)  that  the  modulus  of  elastic- 
ty  is  the  tangent  of  the  angle  which  the  stress-deformation  curve  makes  with  the  horizontal 
ixis. 

18.  Elastic  Limit  and  Yield  Point. — The  elastic  limit  is  the  stress  at  which  the  ratio  of  stress 
o  deformation  ceases  to  be  constant.     Yield  point  is  the  stress  at  which  deformation  increases 
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They 


without  additional  load.     These  terms  are  best  illustrated  in  the  curve  for  steel  (Fig.  1), 

are  not  clearly  defined  in  the  curves  of  other  materials. 

19.  Stress  and  Deformation  Curves. — The  typical  curves  shown    (Figs.    1-4)  indicate 

graphically  the  relation  between  stress  and  deformation  for  four  common  building  materials. 

The  portions  of  the  curves 
above  the  horizontal  axis  are 
for  tension ;  the  portions  be- 
low are  for  compression.  It 
will  be  noted  that  the  con- 
crete curve  (Fig.  4)  is  curved 
throughout.  Within  work- 
ing stresses,  however,  the 
curve  varies  so  little  from 
a  straight  line  that  the 
modulus  of  elasticity  is  as- 
sumed constant. 

20.  Shear  and  Torsion. 
In  addition  to  direct  stresses, 
namely  tension  and  com- 
pression, bodies  may  be 
subjected  to  shear  and  tor- 
sion. Shear  is  caused  by  a 
force  tending  to  make  the 
part  of  a  body  on  one  side 
of  a  plane  slide  by  the  other 

part.     This  is  an  important  stress  to  consider  in  beam  design  and  occurs  in  other  members. 

Torsion  is  twisting  stress.      It  is  seldom  of  importance  in  structural  design  although  it  may 

occur  in  such  members  as  spandrel  beams  with  rigidly  connected  slabs. 

21.  Axial  and  Combined  Stresses. — When  a  force  acts  parallel  to  the  axis  of  a  member  and 

at  the  center  of  gravity  of  its  cross-section,  it  produces  what  is  called  axial  stress.     Such  stress 
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Fig.   1. — Stress-deformation  diagram  for  steel. 
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Fig.  2. — Stress-deformation 
diagram  for  cast  iron. 


Fig.   3. — Stress-deformation 
diagram  for  timber. 


Fig.  4. — Stress-deformation 
diagram  for  concrete. 


is  uniformly  distributed  over  the  cross-section.  A  force  parallel  to  the  axis  of  a  member  but  not 
acting  along  this  axis  is  called  an  eccentric  force.  It  is  equivalent  to  ari  axial  force  of  like  amount 
and  a  couple  whose  moment  is  equal  to  the  product  of  the  force  by  the  normal  distance  from  the 
force  to  the  axis  of  the  member.     Thus  an  eccentric  force  as  described  above  produces  combined 
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stresses.  The  axial  stresses  may  be  considered  separately  from  those  due  to  moment,  and  the 
resulting  stresses  added  to  obtain  the  total  stress  at  any  point.  For  cases  of  combined  stresses 
which  are  not  parallel,  as  horizontal  and  vertical  shear,  or  shear  and  direct  stress,  the  combined 
stress  must  be  figured  by  methods  given  in  the  chapter  on  "Simple  and  Cantilever  Beams." 

22.  Bending  Stress  and  Modulus  of  Rupture. — Bending  stresses  are  stresses  induced  by 
loads  perpendicular  to  the  member.  Modulus  of  rupture  is  the  maximum  bending  stress 
computed  on  the  assumption  that  elastic  conditions  exist  until  failure.  Bending  stress  is  dis- 
cussed in  the  chapter  on  "Simple  and  Cantilever  Beams.  " 

23.  Stiffness. — Stiffness  is  a  term  used  with  reference  to  the  rigidity  of  structural  members. 
In  columns  or  struts  it  refers  to  their  lateral  stability;  i.e.,  by  a  stiff  column  is  meant  one  with  a 
small  ratio  of  length  to  least  radius  of  gyration,  as  compared  to  a  slender  column.  In  the  case 
of  beams,  stiffness  refers  to  lack  of  deflection  rather  than  to  strength. 

24.  Factor  of  Safety  and  Working  Stress. — The  stress  used  in  design  is  called  the  working 
or  alloioable  stress.     It  is  obtained  by  dividing  the  ultimate  stress  by  the  factor  of  safety. 

The  working  stresses  usually  employed  apply  to  static  loads  only.  Proper  allowance  for 
the  dynamic  effect  of  the  live  load  should  be  taken  into  account  by  adding  the  desired  amount 
to  the  live  load  to  produce  an  equivalent  static  load  before  applying  the  unit  stresses  in  pro- 
portioning parts.  An  allowance  for  impact  will  be  necessary  only  in  special  cases,  as  in  the  case 
of  floors  supporting  heavy  machinery.  The  amount  to  add  to  the  live  load  because  of  impact 
will  vary  from  25  to  100%  depending  upon  the  proportion  of  the  specified  live  load  which  may 
be  subject  to  motion. 

The  factor  of  safety  is  dependent  upon  many  things.     Among  the  most  important  are:  the 
eliability  of  the  material,  type  of  failure,  kind  of  loading,  and  consequences  of  failure. 

24o.  Reliability  of  the  Material. — There  is  always  the  possibility  of  the  indivi- 
iual  piece  of  the  material  falling  below  the  average  strength  of  test  pieces.  Steel,  manufac- 
;ured  under  almost  laboratory  conditions,  is  the  most  reliable  of  materials.  In  common  practice 
t  is  used  with  a  factor  of  safety  of  about  4.  Timber,  on  the  other  hand,  varies  greatly 
n  strength  and  there  is  difficulty  in  inspecting  and  testing  it  thoroughly.  It  has  therefore  been 
;onsidered  as  somewhat  unreliable  and,  for  this  and  other  reasons,  safety  factors  as  high  as  10 
lave  commonly  been  used.  At  the  present  time,  recent  tests  of  the  U.  S.  Forest  Service  and 
ither  laboratories,  together  with  the  branding  of  timbers  by  some  lumber  associations  to  insure 
ts  quality,  have  greatly  reduced  the  need  of  a  high  factor  of  safety  on  timber.  Cast  iron  is 
ommonly  used  with  a  factor  of  safety  as  high  as  10,  partly  on  account  of  uncertainties  in  its 
nanufacture  and  partly  on  account  of  its  method  of  failure.  Concrete  is  used  in  the  best 
)ractice  with  safety  factors  varying  from  about  3  for  bending  to  about  5  for  diagonal  tension. 
The  factor  of  safety  of  concrete,  however,  is  complicated  by  another  factor;  namely,  the  in- 
rease  in  the  strength  of  the  material  with  age.  Working  stresses  are  based  upon  ultimate 
trengths  of  30-day  old  concrete.  At  the  end  of  a  year  the  strength  of  concrete  is  about  50% 
nore  than  that  at  30  days. 

Possible  deterioration  of  materials,  such  as  reduction  of  section  in  exposed  steel  work, 
lue  to  rust,  must  be  considered  in  connection  with  reliability. 

246.  Type  of  Failure. — Materials  which  fail  gradually  and  with  plenty  of  warning 
ike  steel  are  obviously  entitled  to  a  lower  factor  of  safety  than  brittle  materials  like  cast  iron. 
iUmber  is  about  midway  in  this  range.  Concrete,  well  reinforced,  can  be  classed  with  steel  in 
lethod  of  failure,  while  plain  concrete  is  distinctly  in  a  class  with  cast  iron. 

24c.  Kind  of  Loading. — A  large  proportion  of  dead  load,  or  of  live  load  fixed  in 
mount  and  point  of  application,  will  require  a  smaller  safety  factor  than  loads  largely  live 
nd  uncertain.  Also  the  possibility  of  the  maximum  combination  of  loads  occurring,  and  the 
robable  duration  and  frequency  of  this  combination  must  be  considered.  A  common  illustra- 
ion  of  this  point  is  the  allowance  of  a  higher  fiber  stress  (thus  lower  factor  of  safety)  in  build- 
igs,  for  stresses  due  to  a  combination  of  maximum  live  and  wind  loads. 

24d.  Consequences  of  Failure. — Wliere  loss  of  life  would  be  the  result  of  failure, 
le  factor  of  safety  must  be  such  as  to  make  work  safe  beyond  reasonable  doubt,  but  where  the 
»ss  due  to  failure  would  be  material  only,  it  is  a  question  of  balancing  amount  of  loss  in  case  of 
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failure  and  probability  of  failure,  against  the  saving  by  using  a  higher  fiber  stress.  Thus  tem- 
porary constiuction  will  have  a  smaller  factor  of  safety  than  permanent  construction,  and  con- 
crete forms  a  lower  factor  than  floor  beams. 

25.  Working  Load  or  Safe  Load. — The  product  obtained  by  multiplying  the  cross-sec- 
tional area  of  a  column  or  tie  by  the  working  or  allowable  unit  stress  is  called  the  ivorking  load 
or  safe  load  of  a  member.  For  a  beam,  the  safe  load  is  that  load  which  will  stress  the  most- 
stressed  fibers  to  the  allowable  unit  stress. 

26.  Ratio  of  Moduli  of  Elasticity  in  Combination  Members. — When  two  materials,  rigidly 

joined,  are  used  in  a  structural  member,  it  is  obvious  that  their  deformations  must  be  equal. 

•  •  / 

By  definition,  E  =  -  or/  =  E8.     Therefoi-e,  the  deformations  being  equal,  the  stresses  must  be 

proportional  to  the  relative  moduli  of  elasticity.  The  once-common  Flitch  girder,  composed 
of  wood  and  steel,  is  an  illustration  of  the  use  of  two  materials  in  the  same  member.  A  concrete 
member  reinforced  with  steel  is  a  more  common  illustration.  It  is  plain  that  in  a  reinforced- 
concrete  column  the  vertical  steel  rods  and  the  concrete  shaft  are  compressed  an  equal  amount. 
Let  this  unit  deformation  be  denoted  by  6.     The  concrete  stress  then  is  fc  =  SEc,  and  the  steel 

f         FiW  P  F  W 

stress  /s  =  bEi,.     Thus  4  =  —^  =  -^   and  fs  =  fc^-     The  ratio  -^  is  called  n.     The  modulus 

Jc  OtUc  ^c  I^c  tjc 

of  elasticity  of  steel  is  fairly  constant  at  30,000,000  lb.  per  sq.  in.  while  E  for  concrete  varies 
from  750,000  to  3,000,000  lb.  per  sq.  in.,  giving  values  of  n  from  40  to  10.  The  most  used 
values  are  n  =  15  for  1:2:4  concrete,  and  n  =  12  for  1 :  IV^ :  3  concrete. 

27.  Bond  Stress. — The  combined  action  of  steel  and  concrete  is  dependent  upon  the  grip 
of  concrete  upon  steel,  called  hand.  Denoting  the  allowable  bond  stress  per  square  inch  by  u 
the  load  which  a  rod  can  take  from  the  concrete  per  lineal  inch  is  uird  for  a  round  rod,  and  4u<i 

for  a  square  rod.     The  allowable  stress  in  the  rod  is/s  —r^  for  round  rods  and/sd^  for  square  rods 

The  length  of  embedment  of  a  straight  rod  necessary  to  develop  its  allowable  strength  is  there 

fore  J-  (in  inches)  for  both  round  and  square  rods.      For  given  stresses  the  necessary"  length  o 

embedment  is  easily  computed.     For  example,  let/s  =  10,000  lb.  per  sq.  in.  and  u  =  80,  thei 

^  =    .  '     o^    =  31-f  diameters.     Bond  stress  in  reinforced  concrete  beams  is  considered  in  thi 
4  X  80 

-chapter  on  "Simple  and  Cantilever  Beams." 

28.  Shrinkage  and  Temperature  Stresses. — Shrinkage  is  a  function  of  materials  which  ar- 
poured  in  a  semi-liquid  state  and  then  harden  by  cooling  or  by  chemical  action.  Such  material 
are  cast  iron  and  concrete.  A  cast-iron  member  should  be  designed  so  that  in  cooling  it  wil 
not  shrink  unequally  and  cause  stresses  which  may  crack  it.  For  this  reason  adjacent  part 
should  be  made  of  nearly  equal  thickness,  and  filets  should  be  used  at  all  angles  and  corners 

Concrete  shrinks  when  setting  in  air  and  expands  when  setting  under  water  If  the  end 
of  a  concrete  structure  be  rigidly  fixed,  stress  will  be  developed  equal  to  that  required  to  change 
the  length  by  the  amount  of  the  deformation  which  would  occur  if  the  ends  were  free,  or  f  =  8E 

All  bodies  change  in  length  with  changes  in  temperature,  expanding  with  heat  and  contract 
ing  with  cold.  The  coefficient  of  expansion  is  the  change  in  length,  per  unit  of  length,  pe 
degree  change  in  temperature.  The  total  change  in  length  of  a  body  for  a  given  change  of  tem 
perature  may  be  found  by  multiplying  this  coeflicient  by  the  length  and  the  change  of  tempera 
ture  in  degrees.  The  fact  that  the  coefficient  of  expansion  is  practically  alike  for  both  stee 
and  concrete  is  an  important  factor  in  their  combined  use.  As  in  the  case  of  shrinkage  stresses 
a  tendency  to  change  of  length  in  a  member  fixed  at  the  ends  induces  stress  equal  to  that  whicl 
would  cause  the  computed  change  in  length;  that  is/  =  SE.  This  may  be  an  important  facto 
to  consider  in  almost  any  form  of  steel  or  concrete  construction.  In  wood  construction  there  i 
usually  sufficient  play  at  columns  to  take  up  any  expansion. 

29.  Poisson's  Ratio. — Whenever  bodies  elongate  under  stress,  they  shrink  laterally;  anc 
conversely  when  they  are  compressed,  under  a  load,  they  expand  at  right  angles  to  the  directioi 
of  the  load.  The  ratio  of  deformation  normal  to  stress,  to  deformation  parallel  to  stress  L 
called  Poisson's  ratio.     This  is  commonly  taken  as  about  J^^  for  metals  and  ^  for  concrete. 


jSec.  1-30]  ELEMENTS  OF  STRUCTURAL  THEORY  7 

PRINCIPLES  OF  STATICS 

By  George  A.  Hool 

30.  Statics. — Definition. — Statics   is  the  science   which   treats   of  forces  in   equilibrium. 

31.  Elements  of  a  Force. — A  force  acting  upon  a  body  is  completely  known  when  its 
jeneral  direction,  point  of  application  and  magnitude  are  given. 

A  straight  line  with  arrowhead  may  be  used  in  representing  these  elements,  as  shown  in 
Fig.  5.  The  angle  that  the  line  makes  with  the  vertical  and  the  arrowhead  determine  the 
eneral  direction  of  the  force  exerted  upon  the  body  B  The  general  direction  and  the  point  of 
pplication  completely  determine  the  line  of  action. 

The  external  effect  of  a  force  upon  a  rigid  body  is  the  same,  no  matter  at  what  point  of  the 
)ody  along  the  line  of  action  the  force  is  applied. 

Forces  are  given  in  pounds  and  the  length  of  lines  are  measured  in  inches.  If  the  scale 
f  force  be  5000  lb.  to  the  inch,  a  line  0.20  in.  long  would  represent  a  force  of  1000  lb.;  that  is, 
000  X  0.20  =  1000.     A  line  1.55  in.  long  would  represent  a  force  of  7750  lb.:  or,  vice  versa' 

77 'lO  ' 

750  lb.  would  be  represented  by  a  line  ^7,777.  =  1.55  in.  long.  i 

oOOO  ° 

An  engineer's  scale  should  be  used  in  laying  off  the  lengths  of     f^,y,f  of 
ines  to  represent  the  magnitude  of  forces,  or  in  scaling  such  lines.    Applicai-ion  ■ 
"or  example,  assuming  the  scale  of  force  to  be  4000  lb.  to  the  inch 
nd  using  the  scale  divided  into  40ths,  a  force  of  1750  lb.  would  be 
epresented  by  a  line  171-^  divisions  in  length.      If  the  scale  of 
arce  is  assumed  to  be  400  lb.  to  the  inch,  the  same  force  would  be  Fio.  5. 

epresented  by  175  divisions. 

32.  Concentrated  Force. — A  concentrated  force  is  one  whose  place  of  application  is  so  small 
hat  it  may  be  considered  to  be  a  point. 

33.  Distributed  Force. — A  distributed  force  is  one  whose  place  of  application  is  an  area, 
distributed  force  may  often  be  considered  as  a  concentrated  force  acting  at  the  center  of  the 

ontact  area. 

34.  Concurrent  and  Non-concurrent  Forces. — Forces  are  said  to  be  concurrent  when  their 
nes  of  action  meet  in  a  point;  non-concurrent  when  their  lines  of  action  do  not  meet  in  this 
lanner. 

35.  Coplanar  and  Non-coplanar  Forces.— Forces  may  lie  in  the  same  plane  or  in  different 
lanes;  that  is,  they  may  be  either  coplanar  or  non-coplanar  forces. 

36.  Equilibrium  of  Forces. — When  a  number  of  forces  act  upon  a  body  and  the  body  does 
ot  move,  or  if  moving  does  not  change  its  state  of  motion,  then  the  forces  considered  are  said 
)  be  in  equilibrium.  Any  one  of  the  forces  balances  ali  the  other  forces  and  it  is  called  the 
juilibrant  of  those  other  forces. 

37.  Resultant  of  Forces. — A  single  force  which  would  produce  the  same  effect  as  a  number 
forces  is  called  the  resultant  of  those  forces.     The  process  of  finding  the  single  force  is  called 

miposition. 

It  is  evident  from  the  above  that  the  equilibrant  and  resultant  of  a  number  of  forces  are 
lual  in  magnitude,  act  along  the  same  line,  but  are  opposite  in  direction. 

38.  Components  of  a  Force. — Any  number  of  forces  whose  combined  effect  is  the  same  as 
lat  of  a  single  force  are  called  components  of  that  force.     The  process  of  finding  the  components 

called  resolution. 

39.  Moment  of  a  Force. — The  moment  of  a  force  with  respect  to  a  point  is  the  measure 
.  the  tendency  of  the  force  to  produce  rotation  about  that  point.  It  is  equal  to  the  magnitude 
■  the  force  multiplied  by  the  perpendicular  distance  of  its  line  of  action  from  the  given  point, 
he  point  about  which  the  moment  is  taken  is  called  the  origin  (or  center)  of  moments,  and 
le  perpendicular  distance  from  the  origin  to  the  line  of  action  is  called  the  lever  arm  (or  arm)  of 
le  force.  When  a  force  tends  to  cause  rotation  in  the  direction  of  the  hands  of  a  clock,  the 
oment  is  usually  considered  positive,  and  in  the  opposite  direction,  negative. 

40.  Couple. — A  couple  consists  of  two  equal  and  parallel  forces,  opposite  in  direction,  and 
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Fig.  G. 


having  different  lines  of  action.  Tlie  perpendicular  distance  between  the  lines  of  action  of  the 
two  forces  is  called  the  arm  of  the  couple.  The  moment  of  a  couple  about  any  point  in  the  plane 
of  the  couple  is  equal  to  the  algebraic  sum  of  the  moments  of  the  two  forces,  composing  the 
couple,  about  that  point.  (Algebraic  sum  of  the  moments  means  the  sum  of  the  moments  of 
the  forces,  considering  positive  moments  plus  and  negative  moments  minus.) 

In  Fig.  6  assume  Fi  equal  and  parallel  to  F2,  and  consider  these  forces  to  act  upon  the 
body  shown.  Fi  and  F^  wiU  cause  rotation  of  the  body  and  this  rotation  will  occur  about  any 
point  in  the  same  plane  as  the  couple,  provided  the  body  is  pivoted  at 
that  point.  Consider  the  l^ody  to  be  pivoted  at  0  in  the  same  plane 
with  the  forces.  The  moment  of  Fi  about  the  point  0  is  Fi{r  +  r'), 
and  the  moment  of  F2  about  the  same  point  is  F2r'.  The  moment  of  Ft 
is  positive  and  the  moment  of  Fi  is  negative.  Then  the  moment  of 
the  couple  is  equal  to  Fiv'  -  Fi{r  +  r')  =  -Fir.  The  moment  of  a 
couple  is  thus  equal  to  one  of  the  forces  multiplied  by  the  perpendicular 
distance  between  the  lines  of  action  of  the  forces.  Since  O  is  anj^  point 
in  the  plane  of  the  couple,  it  is  evident  that  the  moment  of  the  couple 
is  independent  of  the  origin  of  moments:  that  is,  a  couple  may  be  transferred  to  any  place  in 
its  plane  or  rotated  through  any  angle  and  its  effect  will  remain  the  same.  It  follows  alsc 
that  any  couple  may  be  replaced  by  another  of  the  same  moment  in  the  same  plane. 

41.  Space  and  Force  Diagrams. — In  solving  problems  in  statics  graphicallj^  it  is  convenient 
in  all  except  the  most  simple  problems,  to  draw  two  separate  figures,  one  showing  the  lines  oi 
action  and  the  other  the  magnitudes  and  directions  of  the  forces.  The  former  is  called  the  spaa 
diagram,  and  the  latter  the /orce  diagram. 

Notation  used  in  the  graphical  solution  of  all  problems  in  this  chapter  is  explained  in  Art 
42d,  p.  9. 

42.  Composition,  Resolution  and  Equilibrium  of  Concurrent  Forces, 

42a.  Composition  of  Two  Concurrent  Forces. — In  Fig.  7  let  forces  Fi  and  F- 
which  are  concurrent  forces  acting  at  the  point  0,  be  repre- 
sented in  magnitude  and  direction  by  OA  and  OB  respectively. 
From  fidraw  BC  parallel  to  OA,  and  from  A  draw  AC  parallel 
to  OB.  Join  the  point  of  intersection  C  with  0.  The  line  OC 
represents  the  magnitude  of  a  single  force  R  which  would  pro- 
duce the  same  effect  as  the  forces  Fi  and  F^.  Thus  R  is  the 
resultant  of  Fi  and  F-i.  A  force  equal  and  opposite  in  direc- 
tion to  R  and  with  the  same  line  of  action  would  be  the  equi- 
librant  of  Fi  and  F-i,  since  it  would  hold  them  in  equilibrium.  Fi  and  Fi  are  components  of  ii 
It  is  not  necessary  to  construct  the  entire  parallelogram  since  either  triangle  OAC  or  05" 
will  .suffice.  Either  of  these  triangles  is  called  a  force  triangle  and  either  one,  if  constructec 
is  sufficient  to  give  the  value  of  the  resultant  and  the  equilibrant  of  forces  Fi  and  F^. 

It  is  convenient  to  solve  the  force  triangl 
algebraically  where  the  angle  between  the  line 
of  action  of  two  forces  is  90  deg.  In  Fig.  8  th 
angle  between  the  lines  of  action  of  Fi  and  I 
is  90  deg.  It  is  required  to  find  the  value  c 
the  resultant  R.  Since  ABC  is  a,  right  triangl 
XB^  =AC^-\-BC^ 

=  V¥l 


Fig.  8. 


or  R 

The  direction  of  the  resultant  R  is  decided  by  the  angle  A', 
follows : 

tan 


A'  may  be  determined  « 


j^  _BC  _F\ 
^^   ~  AC  ~  Fi 


426.  Resolution  of  a  Force  into  Components. — If  the  resultant  R  is  given  « 
the  point  O,  Fig.  9,  and  it  is  desired  to  obtain  two  components  of  R  parallel  to  the  lines  o'a'  an 
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)'b',  then  OC  is  first  drawn  equal  in  magnitude  and  parallel  to  R,  OB  is  drawn  from  0  parallel 
,o  o'b',  and  CB  is  drawn  from  C  parallel  to  o'a'  and  the  lengths  of  the  lines  OB  and  BC,  when 
caled  from  the  drawing,  give  the  magnitudes  of  the  two  components  desired. 

Wlien  components  are  required  making  90  deg.  with  each  other,  the  magnitude  of  these 
orces  may  easily  be  determined  algebraically.  Thus,  if  R  in  Fig.  8  is  known  and  the  compo- 
lents  Fi  and  F2  are  lequired, 

Fi  =  R  cos  K 
F.  =  R  sin  K 

42c.  Equilibrium  of  Three  Concurrent  Forces. — If  R  in  Fig.  8  or  Fig.  9  had 
he  opposite  direction  to  that  shown,  the  direction  of  the  forces  would  follow  in  order  around 
he  sides  of  the  triangle.       A  force  opposite  in 
irection  to  R  and  with  the  same  line  of  action  ^/  ^ 

rould  be  the  equilibrant  of  the  forces  Fi  and 
2  and  the  three  forces  would  be  in  equilibrium, 
hus,  if  three  forces  be  represented,  in  magni- 
ude  and  direction,  by  the  three  sides  of  a  tri- 
ngle  taken  in  order,  then,  if  these  forces  be 
imultaneously  applied  at  one  point,  they  will 
alance  each  other.      Conversely,  three  forces 

hich,  when  simultaneously  applied  at  one  point,  balance  each  other,  can  be  correctly  repre- 
ented  in  magnitude  and  direction  by  the  three  sides  of  a  triangle  taken  in  order. 

4:2(1.  Composition  of  Any  Number  of  Concurrent  Forces. — In  Fig.  10  assume 
hat  the  resultant  of  the  four  concurrent  forces  Fi,  Fo,  F^,  and  Fi  is  to  be  found.  This  may  be 
one  by  finding  the  resultant  of  two  forces,  then  by  combining  this  resultant  with  a  third 
jrce  to  find  a  second  resultant,  and  so  on  until  all  the  forces  are  combined  and  the  resultant 
f  all  the  forces  determined. 

The  resultant  of  the  force  Fi  and  F2  is  Ri,  determined  by  the  force  triangle  RiFiF^a,  F^a 
eing  drawn  parallel  to  F2.     In  the  same  manner  Ro  is  the  resultant  of  Ri  and  F3,  also  R3 

is  the  resultant  of  R2  and  F^.     R^  or  R 
—  '  is  then  the  resultant  of  the  four  forces, 

Fi,  F2,  F„  and  F^.       F,,  F2a,  F,,,  F,,, 
and  R3  form  a  closed  polygon.      F20, 
Fsa,  and  F^a  are  parallel  and  equal  in 
magnitude  to   forces   F2,  F3,  and  F^ 
respectively,    being    drawn    so.       A 
closed  polygon  called  the  force  polygon 
can,  therefore,  be  drawn  by  drawing  in  succession,  lines 
parallel  and  equal  to  the  given  forces,  each  line  begin- 
ning where  the  preceding  one  ends  and  extending  in  the 
same   direction   as  the  force  it  represents.     The    line 
joining   the  initial   to  the  final  point  represents  the  re- 
sultant   in    magnitude    and    direction.       The    diagram 
ABODE  shows  the  polygon  as   it  is  generally  drawn 
with  the  diagonals  omitted.      It  makes  no  difference  in 
what  order  forces  are  arranged   in  the  force   polygon 
since  the  magnitude  and  direction  of  the  resultant  ob- 
tained will  be  the  same. 
Notation    used    in 


^^/     Space 
/^Diagram 


force 
Diagram 


Fig.   10. 


the  graphical  solution  of  all 
oblems  in  this  chapter  is  shown  in  Fig.  10.  In  the  space  diagram  a  force  is  designated  by 
nail  letters  placed  on  each  side  of  its  line  of  action.  In  the  force  diagram  corresponding  capital 
:tters  are  placed  at  each  end  of  the  line  representing  the  magnitude  of  the  force.  For  ex- 
mple,  force  F^  is  designated  by  the  letters  6c  in  the  space  diagram  and  by  the  line  BC  in  the 
)rce  diagram.     The  space  between  F-^,  and  F2  in  the  space  diagram  is  known  as  the  space  h. 
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The  resultant  of  any  number  of  concurrent  forces  may  be  found  algebraically  in  the  io. 
lo^Ying  manner:  Resoive  each  force  algebraically  into  components  Fx  and  Fy  parallel  to  line 
X  and  }'  respectively,  lines  X  and  Y  being  any  lines  at  right  angles  to  each  other  and  calle 
rectangular  axes.  Let  R  represent  the  resultant  of  all  forces  acting  at  the  given  point;  2/* 
the  algebraic  sum  of  the  components  along  the  line  X ;  and  SFj,  the  algebraic  sum  of  all  the  force 
along  the  line  Y.  SF^  will  then  be  the  component  of  R  along  the  line  X  and  SF^  will  be  th 
component  along  the  line  Y.     The  magnitude  of  R  is  then  given  by  the  formula 

R  =  Vi^F.r-  +  {XFyV- 
and  its  direction  by 

tan  e  =  -^ 

e  being  the  angle  between  the  resultant  R  and  the  line  Y.    Particular  attention  should  be  pai 
to  the  signs  of  SF^  and  SF„  in  order  to  properly  determine  the  direction  of  the  resultant. 

42c.  Equilibrium  of  any  Number  of  Concurrent  Forces. — The  arrow  of  tV 
resultant  R  in  Fig.  10  opposes  the  arrows  of  the  other  forces  in  following  around  the  fore 
polygon.  A  force  equal  and  opposite  to  R  would  be  the  equilibrant  of  the  forces  or,  in  otht 
words,  the  forces  would  be  in  equilibrium.  Thus  if  a  closed  force  polygon  can  be  drawn  for 
system  of  concurrent  forces,  the  forces  considered  are  in  equilibrium;  and  conversely,  that  f( 
e  system  of  concurrent  forces  in  equilibrium  the  force  polygon  must  close. 

Suppose  a  number  of  forces  in  equilibrium  and  acting  at  a  single  point  on  a  given  bod 
be  resolved  into  components  in  two  directions  at  right  angles  to  each  other ;  horizontal  and  ve 
tical,  for  example.  The  body  will  evidently  be  in  equilibrium  under  the  action  of  these  con 
ponent  forces  since  they  produce  the  same  effect  as  their  resultants.  Moreover,  the  componei 
forces  along  each  line  must  balance  or  the  body  would  move  along  that  line.  The  conditic 
of  equilibrium  may  now  be  stated  in  a  different  way  than  above,  by  saying  that  the  algebra 
sums  of  the  components  of  the  forces  along  each  of  two  lines  at  right  angles  to  each  other  mu 
equal  zero.  (By  algebraic  sum  is  meant  the  sum  of  the  forces  considering  one  direction  pi- 
and  the  opposite  direction  minus.) 

liet  SH  represent  the  algebraic  sum  of  the  components  along  a  horizontal  line  and  1 
2V  represent  the  algebraic  sum  of  the  components  along  a  vertical  line.      Then  a  special  case 
-the  above  condition  of  equilibrium  would  be  1.H  =  0  and  2F  =  0. 

Problems  in  the  equilibrium  of  concurrent  forces  may  be  solved  either  graphically  ■ 
algebraically  if  the  number  of  unknowns  is  not  greater  than  two.  In  the  graphical  method  tl 
two  unknowns  may  be  determined  by  the  closure  of  the  force  polygon,  while  in  the  algebra 
method  the  two  unknowns  may  be  found  by  means  of  two  independent  equations  made  possib 
by  the  conditions  above  stated.  The  two  unknowns  which  may  be  determined  in  any  giv( 
case  are  the  magnitude  and  direction  of  one  force,  the  magnitudes  or  directions  of  two  force 
or  the  magnitude  of  one  and  the  direction  of  the  other. 

Illustrative  Problem. — A  boom  AB,  Fig.  11,  is  supported  in  a  horizontal  position  by  a  cable  AC  which  mak 
an  angle  of  30  deg.  with  the  boom.  A  load  of  3000  lb.  is  carried  at  point  A.  Determine  the  compression  in  t 
boom  AB  and  the  tension  in  the  cable  AC. 

The  concurrent  forces  at  A  are  in  equilibrium  and  these  forces  are  j 
known  in  direction.     Two  are  unknown  in  magnitude. 

Since  Fi  is  horizontal,  the  vertical  component  of  F  must  equal  3000  1 
in  order  that  2F  may  equal  zero  at  the  point  A. 
F  sin  30°  =  3000 

F  =  6000  lb. 
In  order  that  2//    =  0 

Fi  =  F  cos  30° 
Fi  =  5200  lb. 
Illustrative  Problem. — The  crane  truss  shown  in  Fig.  12  is  loaded  wi" 
„  ,  3000  lb    at  L.     Determine  the  stresses  in  the  boom  ac;  the  tie  ab;  the  ma 

Fig.  11.  ,    ,       ,       1  , 

ad;  and  the  stay  bd. 

Zm2  =8^  +  15=  Liv-  =  20-  +  15^  MP-  =  12=  +  9' 

LM    =17  LN    =  25  MP    =  15 


At  the  point  L  three  forces  are  acting;  namely,  the  3000-lb.  load,  the  stress  F  in  the  tie  ab,  and  the  stress  Fi 
n  the  boom  ac.  Draw  the  force  polygon  ABC  by  laying  off  the  vertical  line  BC  equal  to  3000  lb.  (since  weight  al- 
ways acts  vertically)  and  drawing  BA  and  CA   parallel  to  F  and  Fi  respectively. 

Since  there  is  equilibrium  in  the  crane  truss,  the  forces  acting  at  the  point  L  are  in  equilibrium.  Hence,  the 
orce  polygon  should  close  and  the  forces  should  act  in  order  around  the  polygon.  If  the  drawing  is  made  to  scale, 
;he  lines  BA  and  CA  represent  directly  the  magnitude  and  direction  of  F  and  Fi.  It  should  be  noticed  that  triangle 
ABC  is  similar  to  triangle  LMN  and  it  is  not  necessary  to  construct  a  separate  force  polygon  if  the  crane  truss  is 
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Fig.   12. 


Irawa 
UN  = 


to  some  scale  in  the  first  place.      For  example,  if  the  scale  used  for  drawing  the  truss  is  1  in.  =  2  ft.  then 
6  in.     But  MN  represents  a  force  of  3000  lb.,  hence,  the  scale  used  for  determining  the  forces  should  be 
1.   =500  lb. 
F  and  Fi  may  also  be  solved  alsebraically  as  follows: 

LM  _  17  _     F 
MN  ~  \2  ~  3000 

F  =  4250  lb. 

LN    _  25  _     Fi 

MN  ~  \2  ~  3000 

Fi  =  6250  lb. 

It  will  be  noticed  that  the  stress  Fi  acts  toward  the  point  L  or,  in  other  words,  it  is  the  stress  acting 
gainst  the  shortening  of  the  member  LN,  thus  denoting  compression.  The  force  F  is  the  stress  acting  against  the 
sngthening  of  the  member  LM,  thus  denoting  tension.  We  know  this  to  be  true,  and  we  have  then  a  general  rule, 
hat,  when  a  force  is  shown  by  the  force  polygon  to  act  toward  the  point  of  application  of  the  forces,  the  stress 
aused  is  compression,  and,  when  a  force  is  shown  to  act  away  trom  the  point  of  application  of  the  forces,  the 
ress  caused  is  tension. 

A  force  polygon  ABD  should  next  be  drawn  for  the  forces  at  the  point  M.  The  force  F  is  now  known  and  the 
wo  unknown  forces  F2  and  F3  may  be  found  in  the  same  manner  as  the  forces  F  and  Fi  were  obtained  from  the  force 
000.  In  fact  it  should  be  remembered  that  when  the  forces  of  a  concurrent  system  in  equilibrium  are  all  known 
xcept  two,  the  magnitudes  and  directions  of  these  two  forces  may  be  determined  if  only  their  lines  of  action  are 
:nown. 

Since  the  tangents  of  the  two  angles  MPN  and  LN K  are  each  equal  to  %,  the  angles  themselves  are  equal  and 
IP  is  parallel  to  LN.  Thus,  the  force  polygon  drawn  for  the  three  forces  F,  Fz,  and  F3,  is  similar  to  triangle  LMN. 
i  the  crane  truss  is  drawn  to  scale,  no  separate  force  polygon  is  needed.  MN  and  LN ,  if  properly  scaled,  will 
ive  the  magnitude  and  direction  of  F2  and  F3.  However,  it  is  not  even  necessary  to  scale  the  forces  in  this  case 
nee  it  is  evident  that  Fi  and  F3  are  equal  in  magnitude  and  that  F2  is  equal  to  the  weight;  that  is,  3000  lb. 

We  know  F  to  be  tension,  hence,  we  should  represent  it  as  acting  away  from  the  point  M.     The  arrows  must 
jllow  in  order  around  the  force  triangle  ABD,  consequently,  F2  is  compression  and  F3  is  tension. 
F2  and  Fs  may  also  be  solved  independently  as  follows: 
LM  _  17  _  4250 
MN  ~  12  ~     F2 

F2  =  3000  lb.  (same  as  the  weight). 
17  _  42.50 
25  ~     F3 

F3  =  62.50  lb.  (same  as  Fi). 


LM 
LN 


Answers 


(  F    =  4250  lb.  (tension) 
I  Fi  =  62.50  lb.  (compression) 
I  F2  =  3000  lb.  (compression) 
[  Fa  =  6250  lb.  (tension) 
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43.  Composition  and  Equilibrium  of  Non-concurrent  Forces. 

43a.  Graphical  Method. — When  several  forces  lying  in  the  same  plane  and 
acting  on  a  given  body  have  different  points  of  application,  so  that  their  lines  of  action  do  not 
intersect  in  the  same  point,  the  magnitude  of  the  resultant  may  be  found  graphically  by  com- 
pounding the  forces  in  the  same  manner  as  in  concurrent  systems.  Two  of  the  forces  may  be 
produced  until  they  intersect  and  their  resultant  found,  then  the  resultant  of  these  two  forces 
compounded  with  a  third,  then  the  resultant  of  the  first  three  compounded  with  the  fourth,  and 
so  on  until  the  resultant  of  all  has  been  found. 

For  example,  it  is  required  to  determine  the  resultant  of  the  four  forces  shown  in  Fig.  13 
(a)  which  act  on  a  given  body.     Produce  forces  Fi  and  F2  until  they  meet  at  the  point  o.     The  r 
resultant  of  these  forces  is  Ri,  the  magnitude  and  direction  of  which  is  determined  by  the  force 
triangle  ABC  in  Fig.  13  (b).     Produce  Ri  until  it  intersects  the  third  force  F3  at  m.     Ri  is  the 

resultant  of  F3  and  Ri, 
determined  by  the  force 
triangle  ACD.  Produce 
R2  until  it  intersects  the 
force  Fi  at  n.  R  is  the 
resultant  of  F4  and  R^, 
determined  by  the  force 
triangle  ADE,  and,  con-  J 
sequently,  R  is  the  re- 
sultant of  the  four  given  { 
forces.  r 

It    will    be   noticed '" 
that  Fig.  13  {b)  is  a  force  ' 
polygon    for    the    given  ' 
forces,  and  the  resultant  ' 
Pjq    23  of  all  the  forces  is  repre- 

sented by  the  closing  lint 
AE.  There  is,  then,  the  same  general  rule  for  non-concurrent  forces  as  for  concurrent  forces 
namely,  that  the  magnitude  of  the  resultant  of  any  number  of  forces  acting  in  the  same  plam 
may  be  found  by  constructing  the  force  polygon  and  scaling  the  closing  side.  The  line  AL 
also  shows  the  direction  of  the  resultant  R,  but  note  that  it  does  not  give  a  point  on  its  line  0I 
action.  A  point  in  the  line  of  action  of  the  resultant  cannot  be  determined  unless  the  construc- 
tion of  Fig.  13  (a)  (or  its  equivalent)  is  made.  A  force  equal  and  opposite  to  R  and  having  tht 
same  line  of  action  would  balance  the  forces  acting  and  the  system  would  be  in  equilibrium. 

Forces  Nearly  Parallel. — The  graphical  method  already  explained  for  finding  a  point  such 
as  n,  Fig.  13  (a),  on  the  line  of  action  of  the  resultant,  cannot  always  by  convenientlj'  usedi  |) 
If  the  forces  are  parallel,  or  nearly  so,  it  is  not  easy  to  obtain  the  intersection  of  the  forces  and) 
consequently,  a  different  construction  is  necessary.  The  diagram  that  is  used  for  such  casei 
is  called  the  equilibrium  polygon.  The  force  polygon,  however,  is  needed  to  find  the  magnitud* 
and  direction  of  the  resultant,  the  same  as  before. 

Consider  the  four  forces  shown  in  Fig.  14  (a).  The  force  polygon  ABCDE  for  these  forcef 
is  reproduced  in  Fig.  14  (b).  The  line  AE  gives  the  magnitude  and  direction  of  the  resultani 
R.  Select  any  point  0  and  draw  the  lines  OA,  OB,  OC,  OD,  and  OE  to  the  vertices  of  the  force 
polygon. 

In  the  force  triangle  ABO,  BO  and  OA  represent  the  magnitudes  and  directions  of  two  forces 
bo  and  oa  which  balance  Fi.  (The  notation  used  is  explained  in  Art.  42rf.)  Select  some  poinl 
1  on  the  line  of  action  of  Fi  and  draw  the  lines  bo  and  oa  parallel  to  BO  and  OA  respectively. 
The  force  bo  intersects  the  force  Fo  at  the  point  2.  In  the  triangle  BCO,  forces  CO  and  OB  hold 
F2  in  equilibrium.  At  the  point  2  draw  co  parallel  to  CO  until  it  meets  the  force  F3  at  3.  In  the 
triangle  CDO,  forces  DO  and  OC  balance  the  force  F3.  At  the  point  3  draw  do  parallel  to  DO 
until  it  meets  the  force  F4  at  the  point  4.  At  the  point  4,  draw  eo  parallel  to  EO  until  it  meel 
the  line  of  action  of  oa  at  point  5.     It  should  be  noted  that  forces  eo  and  oa  are  the  only  fore 
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n  the  equilibrium  polygon  which  so  far  have  not  been  balanced  by  equal  and  opposite  forces, 
^s  shown  by  the  force  polygon  0 ABODE,  these  two  forces  hold  in  equilibrium  the  four  forces 
1,  Fi,  Fa,  and  Ft.  The  force  triangle  AEO  shows  these  forces  to  hold  also  the  resultant  R  in 
quilibrium.     Therefore  a  line  drawn  through  the  point  5  in  the  equilibrium  polygon  parallel 

0  AE  of  the  force  polygon  gives  the  line  of  action  of  R. 

The  point  O  in  Fig.  14  (b)  is  called  the  pole;  OA,  OB,  OC,  etc.,  are  called  raijs;  and  the  lines 
2,  2-3,  etc.,  in  Fig.  14  (o)  are  called  strings. 

Since  O  is  any  point  that  may  be  selected,  it  should  be  taken  so  that  it  will  be  most  con- 
enient  for  the  solution  of  the 
iven  problem  and  never  on  the 
losing  line  AE  since  then  the 
;rings  oa  and  oe  become  par- 
lel  to  AE  and  hence  parallel 
each  other.  It  should  be 
membered  that  the  magni- 
ide"  and  direction  of  the  re- 
iltant  of  any  number  of  non- 
)ncurrent  forces  is  given  by 
le  force  polygon  and  a  point 

1  its  line  of  action  by  the  equi- 
arium  polygon.  The  force 
jlygon  must  first  be  drawn 
id   the   resultant   determined 

both  magnitude  and  direc- 
on  by  the  closing  side.  The 
)le  O  should  next  be  selected  and  the  rays  drawn,  to  which  the  strings  of  the  equilibrium 
)lygon  should  be  made  respectively  parallel.  The  line  through  the  intersection  of  the  first 
id  last  strings  parallel  to  the  direction  of  the  resultant  in  the  force  polygon  is  the  line  of 
tion  of  the  resultant. 

If  the  force  R  acted  in  the  opposite  direction,  the  system  would  be  in  equilibrium  and  the 

rces  would  follow  in  order  around  the  force  polygon.     The  system  in  equilibrium  would  then 

forces  Fi,  F2,  F3,  and  F^  and  a  force  equal  and   opposite  to  R  acting  through  the  point  5. 

the  force  equal  and  opposite  to  R  should  be  placed  to  one  side  or  the  other  of  the  point  5, 

but  still  parallel  to  its  direction  as  shown 
by  the  force  polygon,  the  intersection  of 
oe  and  oa  would  not  fall  on  its  line  of 
action.  We  would  then  say  that  the 
equilibrium  polygon  did  not  close. 
Thus,  it  is  easily  seen  for  a  given  system 
of  forces  that,  even  if  the  force  polygon 
closes,  the  equilibrium  polygon  may  not 
close. 

When  the  force  polygon  closes  and 
the  equilibrium   polygon  does  not,   the 
result  is  that  of  couple.     For  such  a  case 
the  resultant  of  the  forces  Fi,  F-i,  Fi,  and 
would  not  be  in  the  same  line  of  action  as  the  remaining  force  and  equilibrium  could  not 
kit.      Equilibrium  exists  when  the  moment  of  the  couple  is  zero. 

Parallel  Forces. — The  method  is  the  same  as  shown  for  forces  nearly  parallel  (Fig.  14). 
?.  15  shows  the  construction  necessary  to  find  the  resultant  of  the  four  parallel  forces  Fi, 
'  F3,  and  Fi. 

436.  Algebraic  Method. — -The  resultant  of  any  number  of  non-concurrent  forces 
y  be  found  algebraically  in  the  following  manner:  Resolve  each  force  algebraically  intocom- 
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ponents  F^  and  F„  parallel  respectively  to  X  and  Y  axes.  Then  according  to  Art.  42d,  the  mag 
nitude  of  R  is  given  by  the  equation 

R  =  VV^F,)^  +  (sn)' 
and  the  angle  it  makes  with  the  X  axis  is  given  by 

tan  0  =  -^ 

Its  line  of  action  is  found  by  placing  its  moment  about  any  point  equal  to  the  algebraic  sum  ( 
the  moments  of  the  forces  with  respect  to  the  same  point.  If  the  moment  arm  of  the  resultai 
is  denoted  by  a,  and  the  moment  arms  of  the  several  forces  by  ai,  a2,  etc.,  then 

Ra  =  Fitti  +  F2O2  +  etc. 
If  a  force  is  applied  equal  and  opposite  to  R  and  in  the  same  line  of  action,  the  system  ( 
forces  will  be  in  equilibrium.     Let  SM  represent  the  algebraic  sum  of  the  moments  about  an 
point.     For  equilibrium,  then, 

2Fx  =  0         SFj,  =  0         SM  =  0 
In  practice  it  is  common  to  use  horizontal  and  vertical  axes,  for  which  case  the  above  equ: 
tions  may  be  written: 

2//  =  0         27=0         2iV/  =  0 

Problems  in  the  equilibrium  of  non-concurrent  forces  may  be  solved  if  the  number 
unknowns  is  not  greater  than  three.     Three  independent  equations  may  be  written,  employii 
the  three  algebraic  conditions  above  stated,  and  solving  these  equations  simultaneously  m  ar 
given  case  gives  the  three  unknowns.     It  is  often  convenient  to  use  two  moment  equations  ar 
either  Si?  =  0  or  SF  =  0.     A  new  moment  center  must  be  taken  each  time  SM  =  0  is  usee 

The  three  unknowns  usually  desired  may  be  classed  under  three  general  cases;  namel 
where  the  following  unknowns  are  required:  (1)  point  of  application,  direction  and  magnituc 
of  one  force  (that  is,  the  force  is  wholly  unknown) ;  (2)  magnitudes  of  two  forces  and  the  dire 
tion  of  one  of  these  forces ;  and  (3)  magnitude  of  the  three  forces.  The  first  case  is  nothing  mo 
than  the  finding  of  the  resultant  of  a  system  of  non-concurrent  forces. 

A  special  case  in  the  solution  of  non-concurrent  forces  occurs  when  all  the  forces  consider, 
are  parallel.  Then  the  number  of  independent  equations  reduces  to  two  and  it  is  possib 
therefore,  to  deteimine  but  two  unknowns,  namely:  (a)  point  of  application  and  magnitu. 
of  one  force;  and  (5)  magnitude  of  two  forces. 

Illustrative  Problem. — Find  the  resultant  of  the  three  vertical  forces  shown  in  Fig.  16. 
Since  the  forces  are  all  vertical,  S//  =  0,  and  the  resultant  must  also  act  in  a  vertical  direction.     Consic 
downward  forces  positive  and  upward  forces  negative.     The  magnitude 
300 lb  *''^''  resultant  may  be  found  as  follows: 


^:±::!:::3 


1^  R    =  300  +  100  -  200 

=  200  lb.,  acting  down  (since  the  result  is  positive). 


It   will  be   noticed   that   a  force  equal  and  opposite  to  R  would  make  t 
q"'"    """  forces  in  equilibrium.  ■"' 

It  is  now  necessary  to  find  the  point  of  application  of  the  resultant 
By  the   point   of   application   in  this  case    is    meant  a  point  on  the  line 
200ID.  action  of  the  resultant. 

Fig.   16.  The    algebraic    sum    of    the   moments  about  the  point  o  is  equal 

(300)(2)  +  (100)(8)  +  (200)(2)  =  1800  ft.-lb.  The  resulting  force  is  200 
and  the  problem  resolves  itself  into  finding  how  far  from  the  point  o  the  200  lb.  should  be  placed  to  have  the  sai 
effect  as  the  three  loads  shown,  or,  in  other  words,  how  far  away  from  o  a  load  equal  and  opposite  to  the  200- 
resultant  should  be  placed  in  order  to  cause  equilibrium.      Thus,  SM  =  0  may  be  used  to  find  this  distance 

IMJkl^  =  9  ft.  to  the  right  of  o. 
200  lb. 
It  should  be  noted  that  the  computations  would  have  been  more  simple  if  the  point  x  had  been  selected  inste 
of  the  point  t^that  is,  the  work  would  have  been  simplified  by  taking  the  origin  on  the  line  of  action  of  one  of  t 
orces.     The  computations  for  that  case  would  be  arranged  as  follows: 

(300)(4)  +  (100)(10)  ^  j^  j^    ^^  ^1^^  ^igl^t  of  X. 
200 
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Illustrative  Problem.-The  beam  AB  (Fig.  17)  is  14  ft.  long  and  loaded  as  shown.  It  is  simply  supported  at 
andC.  (a)  Determme  the  supporting  forces  due  to  the  three  given  loads.  (6)  Determine  the  suppoZg  forces 
cludmg  the  weight  of  the  beam  which  is  50  lb.  per  lin.  ft.  »upporimg  lorces, 
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(<z)   K  =  200  +  300  +  400  =  900   lb.,  acting  down 
i^  +  Fi  =  ft  =  900  lb. 


10,000  lb. 


2001b. 


3001b. 


AOQIb. 


2001b.        y^ 


-12' 


Fig.   17. 

Origin  at  A: 


iB 


Fig.   is. 


(200)  (4)  +  (300)  (8)  +  (400)  (14)  . 
Fi  =  733  lb. 
F    =  900  -  733  =   107  lb. 


12F, 


Answers 


(6)    Wt.  of  beam    =  (50)  (14)   =  700  lb. 
R  =  900  +  700  =   1000  lb. 

(200)  (4)  +  (300)  (8)  +  (400)  (14)  +  (700)  (7) 
Fi  =  1142  lb. 
F  =  1000  -  1142  =  458  1b. 


167  lb. 
733  lb. 


12Fi 


Answers 


458    lb. 
1142  1b. 


Fig.   19. 

TeTXr  P'""^'"-,F'»^  *he  reactions  of  the  roof  truss  shown  in  Fig.  18  for  the  loads  assumed.     Solve  by 

.e  rUt'end  aet^lThr     TTf^'     "'"^  *^""  ^^  '''""'  "*  ^-     ^'^"''^^  ^"^  '^'-'^'^  -*  ^  -  '^^'  ^^e  reaction 
le  right  end  acts  at  right  angles  to  the  supporting  surface— that  is,  vertically. 

^M  =  0.     Origin  at  A. 
(25) 
10,000-2^  +  "^^^O  ^^^  =  5OF2  =  0. 

V2  =  3080  lb.,  acting  up. 
SF  =  0. 

3080  +  Fi  -    10,000  =  0 

Fi  =  6920  lb.,  acting    up. 
2//  =  0.  ' 

4800  -  H,  =    0. 

Hi  =  4800  lb.,  acting  toward  the  left. 

Ri  =   ^6920^  +  4800=  =  8420  lb.,  acting  as  shown. 

H^n  ^^  '^°^  '"'"'r^*'"  T''""'  ^'^  °^*''^""*^  ^y  "^^^"«  °f  '^^  ^°''^  ^^^  equilibrium  polygons      The  con- 
tion  IS  as  follows:   Draw  P,  the  resultant  of  the  10,000  and  4800  lb.  loads,  in  the  force  polygon       Choose  71 
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Fig 


16 

O.     D.aw  ..  OA  ana  OS.     -^^^  .  ^^ ^ZX^  ^^ S^^^^T^^  ^Sw  l^'oiSScd 
known  point  in  the  line  of  action  of  Ru     Draw  the  closing  line  n.agnitude  is  easily  determined,     ft, 

polygon  corresponding  to  the  closing  hne  oc.   .^--"..n^^j'^^^     D  aw  a  Ine    hrough  A  parallel  to  R.  of  the  force 
is  the  closing  side  of  the  force  polygon  in  magnitude  and  direction,     uraw  a  .1 

polygon,  thus  giving  the  line  of  action  of  the  left  >eaction.^_^    ^^  ^^^^^  ^^^  ^^^  ^^^^^.^^^  ^^^  ^^^^.^^^  ^^  p^^ 

ducing  the  forces  until  they  intersect.  In  many  cases  the 
intersection  method  cannot  be  used  because  the  point  ol 
intersection  lies  outside  the  limits  of  the  drawing.  j 

44.  Center  of  Gravity.— The  center  of  gravity 
of  a  body  is  tlie  point  through  which  the  resultant 
of  all  the  parallel  forces  of  gravity,  acting  upon 
the  body,  passes  for  every  position  of  the  body 
The  resultant  of  any  set  of  these  parallel  forcet 
of  gravity  is  the  weight  of  the  body.  H  a  forc« 
equal  and  opposite  in  direction  to  this  resultan" 
is  applied  in  a  line  passing  through  the  center  o 
gravity  of  the  body,  the  body  will  be  in  equilibrium.  A  force  of  gravity  exists  for  eacl 
Dart icle  composing  the  body.  .  .     ,  ^        r  -t      „ 

In  designing  structures  it  is  frequently  necessary  to  deal  with  the  center  of  gravitj ,  o 
centroid,  of  areas.     The  center  of  gravity  may  usually  be  found  by  some  simple  geometrica 
construction  but  for  irregular  figures  it  is  convenient  to  divide  the  ^^^^  ^^^^'^^"^l^'^^^t 
gravity  centers  may  be  easily  obtained,  such  as  rectangles  and  triangles.     By  treating  thes*. 
sectional  areas  as  a  system  of  parallel  coplanar  forces,  the  center  of  gravity  ^"^ ^^l'^""^^;^^^ 
it  is  the  point  through  which  the  line  of  action  of  the  resultant  passes  ^.^^^^f  ^^^^^^^^^^^ 
the  parallel  forces  are  assumed  to  act.     It  is  only  necessary  to  find  the  line  «    ^«*  J  ^^^^f 
resultant  with  respect  to  two  axes  at  right  angles  to  each  other  smce  the  intersection  of  the  tw 
resultants  so  found  will  give  the  center  of  gravity  of  the  area  for  all  axes 

The  center  of  gravity  of  a  rectangle  is  evidently  at  the  intersection  of  the  diagonals,      it  f 
center  of  gravity  of  a  circle  or  regular  polygon  is  at  the  geometrical  center  of  t^je  figure^     1 
find  the  center  of  gravity  of  a  triangle  draw  a  line  from  each  of  ^^^ l'^'^^^^'^^^^^^ 
of  the  opposite  side.     The  point  of  intersection  of  the  two  bisectors  is  the  center  of  gravity 
the    triangle    and    lies    at    a    distance   from    any 


vertex  equal  to  two-thirds  of  the  length  of  the 
corresponding  bisector. 


^T*. 

^"7^ 


\- -^/-^ 


5 
— > 


-T-l^ 


Cenhr  of/ 
gravity 


^ 


WeiaM  ofmd-l01b\j..rc.  ofa. 


-5"-->-^- S'-^—S"--- 


□ 

5Jb 


to  lb. 


15  lb 


d 

20Jb 


-X. 


T 


Fig.  21. 


Fig.  22. 


mustrative  Problem.-A  rod  of  uniform  section,  15  in.  long  and  weighing  10  lb.,  supports  weights  of  5  lb.,  lOl 
15  lb  and iHb  The  5-lb.  and  20-lb.  weights  are  supported  at  the  ends  and  the  other  two  weights  are  e^ua 
15  lb.    ana  ^u      .  .^^  ^^  ^^^^^  ^^^  ^^^  ^^.^U  balance.  fc 

^"^•^Th:  weight  of  the  ro^  m^rbe  rumed^o  be  concentrated  at  its  center.     Taking  moments  about  the  end 
which  the  5-lb.  weight  is  hung,  we  have 

ji^^  =  5(0)  +  10(5)  +  10(7.5)  +  15(10)  +  20(15)   =  575  iu.-lb. 
ft  =  5  +  10  +  10  +  15  +  20  =  60  lb. 
575 
60 


Xo  = 


=  9.58  in. 
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Illtjstrative  Problem. — Locate  the  center  of  gravity,  or  centroid,  of  section  shown  in  Fig.  22. 
Divide  the  figure  into  two  rectangles  and  denote  total  area  by  ^4.     The  center  of  gravity  of  each  rectangle  is  at 
ts  center.      The  gravity  axis  1-1  may  be  located  by  taking  moments  about  MN,    or 
Ayo  =  (4H  X  H)(2H)  +  (3  X  H){W  =  5.44  in. 3 
A  =  (41.^  X  J.2)  +  (3  X  H)  =  3.75  in.: 

^°  =  3775  =  ^"^^  '"• 
The  gravity  axis  2-2  may  be  located  in  a  similar  manner  by  taking  moments  about  .ST,  or 

Xo  = x-^^n^ =  0.9o  in. 

The  intersection  of  axes  1-1  and  2-2  determines  the  centroid  of  section. 

45.  Moments  of  Forces. — The  moment  of  a  system  of  forces  about  a  given  point  is  equal 

0  the  algebraic  sum  of  the  moments  of  the  forces  composing  the  system  about  the  same  point. 
The  moment  of  a  system 

1  forces  about  a  given  point 
lay  be  found  graphically  in 
he  following  manner: 

Let  F,,  Fi,  Fs,  and  F4,  Fig. 

be  the  given  system  of 
jrces  and  let  k  be  the  point 
bout  which  the  moment  is 
jquired.  Draw  the  force  and 
quilibrium  polygons  as  de- 
jribed  in  Art.  43a  and  deter- 
line  the  resultant  R  in  both 
lagnitude,  direction,  and  line 
action.  The  distance  H  in 
le  force  polygon  is  called  the 
ole  distance  of  the  resultant  R. 
;rings  oa  and  oe  at  A'  and  E'  respectively, 
ispecti^ely  parallel)  and 

-  =  77  or  i?r  =  Hy 

V      R  •' 

herefore 

M  =  Rr  =  Hy. 

is  measured  in  pounds  to  the  scale  of  the  force  diagram  and  y  is  measured  in  units  of  length 
» the  scale  of  the  space  diagram. 

For  parallel  forces  the  method  is  the  same  as  given  above. 


Draw  through  k  a.  line  parallel  to  R  and  intersecting  the 
The  triangles  AOE  and  A'O'E'  are  similar  (sides 


REACTIONS 

By  George  A.  Hool 

46.  General  Considerations. — The  finding  of  the  reactions  of  a  structure  having  two 

)ints  of  support — such  as  the  simple  beam,  girder  or  truss — is  a  problem  in  the  equilibrium 

non-concurrent  forces.     As  sliown  in  Art.  A?.h,  the  problem  may  be  solved  if  the  number  of 

iknowns  is  not  greater  than  three.    Three  independent  equations  may  be  written  employing 

e  following  three  equations  of  statics: 

Sfl"  =  0  2F  =  0  Sil/  =  0 

living  these  equations  simultaneously  in  any  given  case  gives  the  three  unknowns.     The  three 
iknowns  may  also  be  found  graphically  as  explained  in  Art.  43a. 

Instead  of  the  three  equations  of  statics  as  given  above,  it  is  often  convenient  to  use  two 
oment  equations  and  either  S//  =  0  or  SF  =  0.  A  new  moment  center  niust  be  taken  each 
ne  SM  =  0  is  used. 

Referring  to  Fig.  24,  it  will  be  seen  that  six  conditions  are  needed  in  order  to  completely 
termine  the  two  reactions  R^  and  Ri;  namely,  their  points  of  application,  their  directions 
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(direction  determined  for  each  reaction  by  the  angle  made  v/ith  the  vertical),  and  their  mag 
nitudes.  Three  of  these  conditions  may  be  determined  by  statics  if  the  other  three  condition 
are  determined  by  the  manner  in  which  the  structure  is  supported.  The  three  condition 
generally  known  are  the  points  of  support  and  the  direction  of  one  of  the  reactions. 

]f  there  are  less  than  three  unknown  conditions  in  regard  to  the  manner  in  which  a  structur 
is  supported,  then  the  structure  is  in  general  unstable  and  will  tend  to  move  bodily  under  th 
applied  loads.  For  example,  suppose  the  supporting  forces  to  have  only  their  magnitudt 
unknown.  Then  unless  the  resultant  of  these  reactions  is  in  the  same  line  of  action  as  the  rt 
sultant  of  the  applied  loads,  equilibrium  cannot  exist.  The  structure,  therefore,  will  mov 
and  is  termed  unstable. 


F/>7.. 


Fig.  24. 


Fig.  25. 


When  one  end  of  a  structure  is  placed  on  rollers,  the  reaction  at  that  end  is  made  to  act  s 
right  angles  to  the  supporting  surface  since  the  rollers,  if  in  good  condition,  cannot  offer  resi 
tance  to  motion  along  this  surface.  If  a  structure  is  hinged  at  a  support,  the  line  of  actic 
of  the  reaction  at  that  support  passes  through  the  hinge.  (A  hinge  generally  is  a  steel  cylii 
drical  shape  of  short  length  and  but  a  few  inches  in  diameter,  and  called  a  pin.  When  use 
at  a  support  it  rests  upon  a  shoe  which  in  turn  rests  upon  the  support.)  When  a  hinge 
placed  at  the  same  support  where  rollers  are  used  (Fig.  25),  the  reaction  is  at  once  dete 
mined  in  both  direction  and  point  of  application. 

Rollers  not  only  cause  a  reaction  to  act  at  right  angles  to  the  supporting  surface  but  ab 
serve  the  purpose  of  allowing  structures  to  expand  and  contract  with  changes  in  temperatui 
^and  thus  prevent  additional  stresses  in  different  members. 

Structures  supported  at  one  end  by  a  tie-rod  should  be  considered  as  having  the  reactic 
at  that  point  fixed  in  direction.  A  tie-rod  is  incapable  of  carrying  compression  or  bendin; 
and  thus  the  reaction  which  it  carries  must  act  along  its  axis  and  produce  tension  in  the  ro( 

It  is  seldom  found  in  practice  that  the  point  of  application  of  a  reaction  is  definitely  fixet 
For  short  beams  which  deflect  but  little  and  which  rest  at  the  ends  upon  steel  bearing  plat« 
(inserted  in  order  to  distribute  the  load  over  the  masonry  supports),  it  is  usually  sufRciei 
to  consider  the  reaction  as  applied  at  the  center  of  bearing,  but  this  assumption  is  by  no  mear 
an  exact  one.  For  long  girders,  especially,  the  deflection  would  be  so  great  that  the  center  < 
bearing  would  be  brought  near  the  edge  of  support  and  the  assumption  would  not  hold.  Hov 
ever,  if  a  pin  bearing  is  used  with  rollers,  a  uniform  bearing  on  the  support  is  ensured.  Tt 
reaction  is  then  considered  to  pass  through  the  pin  center,  but  this  will  not  be  quite  true  if  tb 
pin  is  badly  turned  or  the  bearing  surface  of  the  shoe  upon  which  it  rests  is  imperfect. 

The  method  of  finding  the  reactions  of  restrained  and  continuous  beams  is  explained  i 
Art.  71. 

47.  Determination  of  Reactions. 

47a.  Forces  Parallel. — As  explained  in  Art.  43b,  a  special  case  in  the  solutio 
of  non-concurrent  forces  occur  when  all  the  forces  are  parallel.     For  forces  all  vertical  ZH  = 
is  not  needed,  and  the  number  of  independent  equations  reduces  to  two.     It  is  possible,  then 
fore,  to  determine  but  two  unknowns;  namely,  (a)  point  of  application  and  magnitude  of  on 
force;  and  (5)  magnitude  of  two  forces. 

476.  Forces  Not  Parallel. — Reaction  problems  when  solved  algebraically  wi 
generally  be  simplified  by  finding  the  horizontal  and  vertical  components  of  the  reactions  an 
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Wind 20 lb.  per  so.  ft 
normal  fo  surface   C 


hen  obtaining  the  magnitude  of  either  reaction  by  computing  the  square  root  of  the  sum  of  the 
quares  of  its  two  components.  With  one  end  on  rollers  and  resting  upon  a  horizontal  surface, 
he  vertical  component  at  that  support  is  the  reaction  required,  and  the  horizontal  component 
ero.  With  a  roller  end  resting  upon  an  inclined  surface,  the  reaction  at  that  support  will 
lave  both  a  vertical  and  a  horizontal  component,  but  there  is  at  once  a  relation  between  them 
lue  to  the  fact  that  the  reaction  must  act  at  right  angles  to  the  sui)ix)rting  surface. 

Reaction  problems  may  also  be  simplified  when 
olving  algebraically  by  resolving  inclined  loads  into 
lorizontal  and  vertical  components. 

If  a  load  is  distributed  over  a  considerable  area, 
is  wind  pressure  for  example,  instead  of  being  applied 
Lt  a  point,  the  resultant  of  this  load  may  be  used  in 
he  reaction  computations  as  a  concentrated  load, 
or  example,  in  Fig.  26,  only  the  resultant  wind 
jressure  P  needs  to  be  considered  and  it  will  act  at 
he  center  of  AC.  The  horizontal  and  vertical  components  of  F  may  be  found  in  the  following 
;onvenient  manner: 

Consider  first  the  wind  pressure  acting  on  a  strip  of  roof  surface  having  a  length  AC  and 
width  of  one  foot.  Normal  pressure  on  this  strip  =  20  X  AC  =  P„.  Denote  horizontal  and 
ertical  components  of  P„  by  H^  and  Y x  respectively.     Then 


Span  of  truss  50-0" 

Fig.  26. 


U^  _ 

Pn    ~ 

H.  = 


12 

AC 

12  (P„) 


12  X20 


AC 

Similarly,  V^  =  25  X  20 

Thus,  from  the  above  it  follows  that  these  H^  and  V^  components  can  be  determined  by  multi- 
)lying  the  normal  pressure  in  pounds  per  square  foot  by  the  projection  of  the  upper  chord  (AC 
a.  this  case)  on  a  plane  at  right  angles  to  the  direction  of  the  desired  component.  Since  ihe 
russes  are  20  ft.  center  to  center,  the  H  and  V  components  of  the  total  normal  pressure  P 
cting  on  the  truss  are  as  follows: 

H  =  H^(20)  =  12(20)  (20)  =    4,800  lb. 

V  =   7,(20)  =  25(20) (20)  =  10,000  lb. 

Roof  trusses  of  sliort  span  are  generally  fixed  at  both  ends  to  the  walls  of  the  building, 
hus  becoming  statically  indeterminate  with  respect  to  the  outer  forces.     In  this  case  the  reac- 


Truss  under  dead  and 
snow  loads,  fr'eacfions 
vertical 

Fio.  27. 


Tru55  acted  upon  by 
wind  pressure  only.  Re- 
actions  assumed  parallel  fo 
Wind  load. 


Fig.  28. 


ions  for  the  wind  load  are  determined  separately  from  those  caused  by  the  dead  and  snow 
)ads.  Dead  and  snow  loads  cause  only  vertical  reactions  (Fig.  27).  The  wind  load  causes 
:ie  reaccions  to  be  inclined  and  the  horizontal  components  tend  to  overturn  the  walls  of  the 
uilding.  One  of  two  assumptions  is  usually  made,  either  (a)  that  the  horizontal  components 
f  the  two  wind  reactions  are  equal,  or  {h)  that  the  direction  of  the  wind  reactions  are  parallel 
0  the  resultant  wind  load  (Fig.  28).  ^^ 

In  the  following  illustrative  problems,  the  reactions  at  points  shown  thus  Q  are  con- 
dered  to  have  both  a  horizontal  and  vertical  component.  This  symbol  for  a  fixed  end  is 
ot  intended  to  represent  a  knife  bearing  but  simply  means  that  the  point  of  application  is 
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determined  and  tliat  the  reaction  may  act  in  any  direction.      With  rollers  added  to  this  symbo 

as  here   shown  f\  the  reaction  is  considered  as  determined  in  both  direction  and  point  o 
application.      When   solving    algebraically,    the   horizontal   and  vertical  components  of  th 

reactions  are  represented  thus:  QJ    ®      Where  the  value  of  //j  comes  out  negative,  th 


=^1 


horizontal  component  of  the  reaction  acts  in  the  opposite  direction  to  that  assumed. 

For  finding  the  reactions  of  simple  beams  and  trusses,  see  also  illustrative  problems  on  pp 
15  and  16. 

Illustrative  Problem. — A  beam  is  loaded  as  shown  in  Fig.  23.     Find  the  reactions  at  A  and  B  by  both  algebrai 
and  graphical  methods.      Neglect  weight  of  beam. 


SOTant 


XH  =  0 

2Af  =  0 


XV  =  0 


.".  Hi  =  0 
Origin  at  A. 

(6)  (6)  +  (20)  (22.5)  -  15^2    I    (10)  (5)  =0 
29.1  tons,  acting  up,  since  result  is  positive  . 

10  + 


10  Tons 


6  Tons 


0^-'- 


,4t 


F, 


Kv^A-"- 


r. 


-.0' 
O""., 


+  20  -  29.1  =   Fi 
Vi  =  6.9  tons,  acting  up. 
(If  a  check  on  Vi  is  desired,  it  may  be  obtained  by  applying  2Af  =  0  about  B  as  an  origin.) 

In  Fig.  30,  the  force  polygon  is  drawn  for  the  given  forces.  The  forces  are  designated  by  letters  instead  of  b 
weight.  It  can  easily  be  seen  that  i/i  =  0  or  the  forces  would  not  be  in  equilibrium.  The  force  polygon,  con* 
quently,  becomes  a  straight  line  since  the  forces  are  all  vertical.  AB  =  Fi,  BC  =  Ft,  CD  =  Fz,  DE  =  Fs,  EA  ^ 
Vi.  It  is  not  possible  to  determine  the  point  E  until  after  the  equilibrium  polygon  is  drawn.  The  string  i 
intersects  Vi  at  t.     The  string  oa  intersects  Fi  at  k.     The  line  OE  in  the  force  polygon  drawn  parallel  to  kt  in  tl 

equilibrium  polygon  divides  the  line  A 
into  .two  parts,  DE  and  EA,  whi< 
e,-'''''^^-^  V  p  represent  V2  and  Vi  respectively,  kt 
drawn  in  the  equilibrium  polygon  becau 
the  forces  are  in  equilibrium  and  tl 
.  ,  __  2»      i  I  ^  equilibrium  polygon  should  close. 

-'- |C    ■        Jr         *..  ll^  Illustrative  Problem. — Find  the  hoi 

zont.al    and    vertical    components    of   tl 
^    i  reactions  at  A  and  B,  Fig.  31,  by  the  alg 

braic  method.      Neglect  weight  of  beam 
Considerable   labor   will  be  saved  1 
resolving   the   inclined   forces    into    hoi 
^  zontal  and  vertical  components  and  usi* 

Fig.   30.  these    components  only  in  the  compute 

tions.     The  lever  arms  of  the  horizont 
components  about   either  point  of  support  is  zero,  leaving  only  the  vertical  components  to  be  considered  whi 
ar^plying  SAf  =  0.     Components  are  shown  dotted  in  Fig.  31. 
SM  =  0     Origin  at  A. 

■  (17.32)(7)   -   (5)(2)  +  (7.07)(S)  +  (10)(20)  -  15Fi  =  0 
Fi  =  8.36  tons. 


A 

|i 


STqw 
17.3Z 


X  -CC'X 


<-i^^S-—  8'—^"  7'-- 


H 


Fig.  31. 

;f  =  0 


Fig.  32. 


-  17.32  -  5  +  F2  -  7.07  +  8.36  -  10  =  0 
F2  =  31.03  tons. 
S//  =  0 

7.07  +  i/i  -  10  =  0 

Hi  =  2.93  tons. 
Illustrative  Problem. — Compute   horizontal   and   vertical   components  of  the  reactions  for  the  truss  show 
In  Fig.  32  for  the  wind  pressure  shown.  < 
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As  explained  in  Art.  476,  the  components  of  the  total  wind  pressure  may  be  readily  found  as  follows: 

V  =  (20)  (30)  (20)  =  12,000  1b. 

H  =  (20)  (15)  (20)   =     6,000  1b. 

H'  =     (5)  (20)  (50)   =     5,000  1b. 

SM  =  0.     Origin  at  A 

5  25 

(5000)^    h  (0000)  2"  +  12,000(5)  -  30Fi  =  0 

Vi  =  4920  lb. 
XV  =  0 

4920  +  V2  -  12,000  =  0 
V2  =  7080  lb. 
Si/  =  0 

6000  +  5000  -  Hi  =  0 
Hi  =  11,000  lb. 

Fig.  33  shows  how  the  reactions  are  obtained  by  means  of  the  force  and  equilibrium  polygons.  Since  point  B 
a  known  point  in  the  line  of  action  of  i?i,  the  string  00  is  drawn  starting  from  this  point. 

Illustrative  Problem. — Fig.  34  represents  a  Howe 
bridge  truss  of  120-ft.  span,  with  12  equal  panels. 
Neglecting  the  dead  load  on  the  end  panel  points, 
determine  the  reactions  algebraically  for  a  dead  load 
of  9000  lb.  on  each  intermediate  panel  point  and  a 
live  load  of  20,000  lb.  on  panel  points  marked  a,  6, 
and  c. 

Reactions  A  and  B  are  both  vertical  since  the 
loads  are  vertical,  which  is  generally  the  case  on  bridge 


x-i|...X...j....^ 


A^  (aj    (b)    (c)    id)    (e)    (f)   (g)    (h)    (,^    (j)    (H) 

(<••" - iZ panels  @IO-0"=iS0'-O" H' 

Fig    34. 


isses.     Then  again,  since  the  panels  are  all  equal  the  algebraic  method  is  by  far  the  more  convenient  one  to 
;.     The  stringers  at  each  end  either  rest  directly  upon  the  abutments  or  upon  end  floor  beams.     In  either  case 
load  on  an  end  panel  point  is  fully  carried  by  the  support  beneath,  thus  causing  no  reaction  at  the  other  sup- 
t  and  hence  no  stresses  in  the  truss.     This  is  the  reason  for  the  omission  of  the  dead  load  on  the  end  panel  points 
this  problem.     In  designing  the  details  at  A  and  B,  however,  the  loads  at  these  points  must  be  considered. 
Reactions  A  and  B  each  receive  one-half  the  dead  load,  or  9000  X  5}^  =  49,500  lb. 
Reaction  A  for  the  live  load  is 

(90)<'20,000)  +  (100)(20,000)  +  (110)(20,000) 


120 
(20,000(90  +  100  +  110) 
120 


(origin  at  B) 
(20,000)  (9  +  10  +  11) 


12 


=  50,000  lb. 


This  may  be  more  conveniently  calculated  by  obtaining  the  last  equation  directly,  which  means  that  we  take 
panel  as  a  unit  of  length.     Thus,  the  B  reaction  for  the  live  load  is 

,(1  +  2  +  3) 


(20,000)- 


12 


=  10,000  1b.      (Origin  at  A) 


Total  reaction  A  ==  49,500  +  50,000  =  99,500  lb. 
Total  reaction  B  =  49,500  +  10,000  =  59,500  lb. 

Illustrative  Problem. — -Find  the  horizontal  and  vertical  components  of  the  reactions  of  the  three-hinged  arch, 
35,  for  loads  Fi  and  F2  placed  as  shown;  hinges  at  points  a,  b,  and  c. 


From  XM 


0  about  the  point  a 

Fi(20)  +  F2(90)  -   F2(120) 
2Fi  +  9F2 


V2  = 


12 


Vi  = 


From  2F  =  0 

Fi  +  F2  =   V'l  +  V2 
lOFi  +  3F2 
12 
From   2//   =  0 

Hi  =  H2. 
In  order  to  obtain  the  value  of  Hi  and  Hi,  it  is  necessary  to  equate  the  sum  of  the  moments  about  the  center 
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hinge  b  of  all  forces  on  either  side  of  the  hinge  to  zero.     Considering  the  part  of  the  arch   to  the  left  of  the  center 
hinge 

Ti(RO)  -  7/i(100)  -  Fi(40)  =  0 

STi  -  2Fi        2Fi  +  3F2 


Hi 


Hi  = 


20 


It  should  be  noted  that  fonr  independent  equations  have  been  used  to  give  four  unknowns. 

If  tie  rods  should  be  placed  as  shown,  the  tension  in  these  rods  would  be  equal  to  Hi  =  Hi,  and  only  vertical 
pressure  would  be  brought  upon  the  supports. 


Fig.  35. 

SHEARS  AND  MOMENTS  ^ 

By  George  A.  Hool 

48.  Shear. — Consider  the  forces  acting  on  a  beam  to  be  resolved  into  horizontal  and  ve 
tical  components.  Then  the  shear  at  any  section  is  the  algebraic  sum  of  the  vertical  foic 
acting  on  either  side  of  the  section,  and  is  the  force  which  tends  to  cause  the  part  of  the  beam  c 
one  side  of  the  section  to  slide  by  the  part  on  the  other  side.  This  tendencj^  is  opposed  bj^  tl 
resistance  of  the  material  to  transverse  shearing. 

When  the  resultant  force  acts  upward  on  the  left  of  the  section,  the  shear  is  called  positit 
and  when  it  acts  downward  on  the  same  side  of  the  section,  it  is  called  negative.  Since  2  V  = 
when  we  consider  the  forces  on  both  sides  of  the  section,  then  the  resultant  of  the  forces  c 
the  right  of  the  section  must  be  equal  and  opposite  in  direction  to  the  resultant  of  the  forces  ( 
the  left  of  the  section.  Thus,  it  makes  no  difference  which  side  of  the  section  we  consider,  tl 
shear  is  positive  when  the  resultant  on  the  left  is  upward  and  when  the  resultant  on  the  right 
downward.  Also  the  shear  is  negative  when  the  resultant  on  the  left  is  downward  and  when  til 
resultant  on  the  right  is  upward. 

At  the  section  ab,  Fig.  36,  the  shear,  since  there  are  no  loads  between  the  section  and  t; 
left  support,  equals  the  left  reaction  and  is  positive.     This  is  true  of  any  section  between  t" 
left  support  and  the  section  cd.     The  shear  to  the  right  of  cd  is  negative  and  is  equal 
the  right  hand  reaction. 

49.  Bending  Moment. — The  bending  moment  (or  moment)  at  any  section  of  a  beam  is  t 
algebraic  sum  oi  the  moments  of  the  forces  acting  on  either  side  of  the  section  about  an  as 
through  the  center  of  gravity  of  the  section,  and  is  the  moment  which  measures  the  tenden 
of  the  outer  forces  to  cause  the  portion  of  the  beam  lying  on  one  side  of  the  section  to  rota 
about  the  section.  This  tendency  to  bend  the  beam  is  opposed  by  internal  fiber  stresses 
tension  and  compression. 


5ec.  1-50] 


ELEMENTS  OF  STRUCTURAL  THEORY 


23 


When  the  resultant  moment  on  the  left  of  the  section  is  clockwise,  the  moment  is  called 
Msitive,  and  when  it  is  counter-clockwise  on  the  same  side  of  the  section,  it  is  called  negative. 
lince  SM  =  0  when  we  consider  the  forces  on  both  sides  of  the  section,  then  the  resultant 
aoment  of  the  forces  on  the  left  of  the  section  is  equal  and  opposite  to  the  resultant  moment 
)f  the  forces  on  the  right  of  the  section.  Thus,  it  makes  no  difference  which  side  of  the  section 
vc  consider,  the  moment  is  positive  when  the  resultant  moment  of  the  forces  on  the  left  is  clock- 
vise  and  when  the  resultant  moment  of  the  forces  on  the  right  is  counterclockwise.  Also,  the 
iionient  is  negative  when  the  resultant  moment  of  the  forces  on  the  left  is  counterclockwise  and 
vhen  the  resultant  moment  of  the  forces  on  the  right  is  clockwise. 

P 

It  increases  uniformly  from  the  left  sup- 

.©©  =  '!■ 

Positive  bending  moment  causes  compression  in  the  upper  fibers  of  a  beam,  and  tension 
a  the  lower  fibers.     The  reverse  is  true  for  negative  bending  moment. 

50.  Shear  and  Moment  Diagrams. — The  variation  in  the  shear  or  bending  moment  from 
action  to  section  for  fixed  loads  may  be  well  represented  by  means  of  diagrams,  called  shear  and 
loment  diagrams.     The  diagrams  are  constructed  by  laying  off  a  base-line  equal  to  the  length 


At  the  section  ah 
>ort  where  it  is  zero  to  the  section  cd  where  it  is  ( *r 


Fig.  36,  the  moment  is  wi^). 


i  X  > 


it 


^^    A ± L 

K  L 


/ 


'^^'PlaHed points 


Base  line-^ 


i-Shear  line 


P 
2 


2 


Shear 

Plowed 
points 


P 
2 

Y. 


Momenf  Diagram 

Fig.  36. 


y)=had  per  I  in.  W.,  L=  span 


Moment  Diagram 


Fig.  37. 


the  beam  and  marking  off  on  this  line  the  positions  of  the  loads  and  the  reactions.  Positive 
lear  and  moment  at  given  points  should  be  represented  above  the  base-line  and  negative  shear 
■  moment  below  this  line.  Points  are  plotted  vertically  above  or  below  given  points  on  the 
ise-line,  and  the  distance  these  plotted  points  are  from  the  base-line  should  represent  to  some 
■ale  the  magnitude  of  the  shear  or  moment  at  these  given  points  on  the  beam.  The  line  join- 
g  the  points  plotted  in  this  way  is  called  the  shear  or  moment  line,  depending  upon  whether  a 
lear  or  moment  diagram  is  being  drawn. 

To  illustrate,  in  Fig.  40,  the  ordinate  ah  represents  the  value  of  the  shear  at  the  point 
of  the  beam  and  the  ordinate  cd  represents  the  value  of  the  moment  at  the  point  d. 

In  shear  diagrams  for  uniform  loading,  ordinates  need  only  be  erected  at  the  ends  of  the 
!am  and  at  the  points  of  support.  If  concentrated  loads  are  also  applied  to  the  beam,  or- 
nates  must  also  be  plotted  at  their  points  of  application. 

In  moment  diagrams  for  uniform  loading,  ordinates  should  be  erected  and  points  plotted 

the  reactions  and  every  foot  or  two  along  the  beam.  If  concentrated  loads  are  also  applied 
'  the  beam,  ordinates  must  also  be  plotted  at  their  points  of  application. 
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If  the  shear  or  moment  lines  are  not  completely  determined  by  the  above  rules,  additions 
points  should  be  taken. 

A  cantilever  beam  is  a  beam  having  one  end  fixed  and  the  other  end  free  (see  Art.  3,  p.  2] 
The  reaction  at  the  fixed  end  is  indeterminate,  but  the  shear  or  bending  moment  at  a  given  sec 
tion  may  be  easily  found  by  considering  the  loads  between  the  section  and  the  free  end. 


w= load  per  lin.-fi:^  L=5pan 


Moment  Diagram 


Shear  Diagram 
fQual  spaces 


Fig.   38. 


■Fbrabola 
Moment  Diagram 

Fig.   39. 


Shear  and  moment  diagrams  for  both  simple  and  cantilever  beams  with  various  loadin 
are  shown  in  Figs.  36  to  41  inclusive.     In  all  cases  the  weight  of  the  beam  is  neglected.  1 

51.  Maximum  Shear. — It  is  always  desirable  in  proportioning  beams  to  know  the  greate  1 
or  maximum  value  of  the  shear  in  a  given  case.     The  following  rules  apply : 

1.  In  cantilevers  fixed  in  a  wall,  the  maximum  shear  occurs  at  the  wall.  i 

2.  In  simple  beams,  the  maximum  shear  occurs  at  the  section  next  to  one  of  the  suppor  j 
These  rules  can  be  verified  by  examining  the  shear  diagrams  in  Figs.  36  to  41  inclusive. 


,     i         I         t         T         ^ 


1 

' 1 1 

i 

b 

a 

\d  \ 

1      1 
1      1 

1     I 

1      1 

: 

h 

Di 

'      1 

•          1 

Shear 
agram 

L_ 

Moment  Diagram 

Fig.  40. 


Momenrf  Diogram 

Fig.   41. 


62.  Maximum  Moment. — By  comparing  the  corresponding  shear  and  moment  diagra 
in  Figs.  36  to  41  inclusive,  it  will  be  found  that  the  maximum  moment  occurs  where  the  sh 
changes  sign;  that  is,  where  the  shear  line  crosses  the  base-line.  This  could  also  be  sho| 
algebraically. 

By  the  help  of  this  principle  it  is  necessary  to  construct  only  the  shear  line  and  obse:| 
from  it  where  the  shear  changes  sign;  then  compute  the  bending  moment  for  that  secti 
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Illustrative  Problem. — Construct  shear  and  moment  diagrams  for  a  20-ft.  beam  supported  at  the  ends  and 
U^l  as  sliown  in  Fig.  42.     Also,  find  the  maximum  shear  and  maximum  moment,  and  the  sections  where  they 


Reaction  A  = 


(5000)(5)  +  (4000)(10  +  15) 
20 


+  8000 


Shear  at  a  < 


Shear  at  c  ' 


=  14,250  lb. 
Reaction  B  =  13,000  +  16,000  -   14,250 

=   14,750  lb. 
Shear  at  -4  =  0 
Shear  at  section  just  to  right  of  A  =   14,250 

to  left  =   14,250  -   (800)  (5)  =  10,250 

to  right  =   10,250  -  4000  =  6250 
„,  .  I  /  to  left  =  6250  -  (800)  (5)   =  2250 

bhear  at  ft  ^  ^^  ^.^^^^  ^  ^250  -  4000  =   -   1750 

to  left  =   -   1750  -  (800)  (5)   =   -  5750 

to  right  =    -  5750  -  5000    =   -  10,750 
Shear  at  section  just  to  left  of  B  =   —  14,750 

-  10,750  -  (800>(5)   =   -   14,750  (check) 
Shear  at  S  =  0. 

We  shall  determine  the  moment  at  points  A,  a,  b,  c  and  B.     Moments  should  also  be  found  at  sections  2  ft. 
»art  on  this  beam  to  completely  determine  the  moment  curve. 

Moment  at  .4=0. 

Moment  at  a  =  (14,250)(5)  -  (800)(5)  {^\   =  61,250. 
Moment  at  6  =   (14,250)  (10)  -  (8000  +  4000)  (5)   =  82,500. 
Moment  at  c   =  (14,750) (5)  -  (800) (5)  (.^)   =  6.3,7,50. 
Moment  at  B  =  0. 


40001b.      40001b.      50001b. 
y/////////////y////////////////////////////////y////^^^^ 


The  maximum  shear  =  —  14,750  lb.  at  a  section 
st  to  the  left  of  the  right  support. 

The  shear  changes  sign  at  section  6,  consequently 
e  moment  is  a  maximum  at  that  point  =  82,500 
-lb. 

In  some  cases  the  shear  does  not  change  sign  at 
e  point  of  application  of  a  concentrated  load  and 
such  a  case  the  position  of  the  section,  where  the  ''^/5U 
:nding  moment  is  a  maximum,  must  be  scaled  or 
mputed  from  the  shear  diagram  to  the  nearest 
e-tenth  of  a  foot. 

/       53.  Moment  Determined  Graphically.  14250 

he  bending   moment  at  any  section  of  a 

3am  due  to  concentrated  loads  may  readily 

i  determined  by  means  of  the  force  and 

jiulibrium  polygons.     The  method  used  is 
■  le  same  as  that  for  finding  the  moment  of 

system  of  forces  about  a  given  point,  de- 

1  ibed  in  Art.  45. 

Let  the  bending  moment  M  be  required 
any  section  of  the  beam  shown  in  Fig.  43, 

ich  as  the  point  k.      Draw  a  vertical  line 

irough  the  section,  cutting  two  sides  of  the 

luilibrium  polygon,   and  let  the  ordinate 

tercepted  between  these  sides  be  called  r. 

lie   intersection   of  these   sides   produced 

ves  the   point  of   application  of  the  re- 
liant of  the  forces  Pi  and  R,,   the  magnitude  of  which  is  represented  by  EB  in  the  force 

)lygon;  that  \^,  R,  -  P^  =  AE  -  AB  =  EB.     It  should  be  noticed  that  R^  and  Pi  act  in 
,,  .)posite  du-ections,  and  consequently  the  resultant  of  these  two  forces  is  their  difference.     Let 

IS  resultant  be  called  R  and  its  horizontal  distance  from  k  be  called  x.     Then,  M  =  Rx. 


Momenf  Diagram 

Fig.  42. 
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The  triangle  OBE  is  similar  to  the  triangle  which  has  a  base  r  and  an  altitude  x  (sides  rea 

X        r 
pectively  parallel)  and,  since  EB  is  equal  to  R,  we  have  77  =  o  or  Rx  =  Hr. 

Therefore  the  bending  moment  of  the  forces  on  the  left  of  the  section  is 

M  =  Hr 

Since  H  is  constant,  the  bending  moment  at  any  point  in  the  span  is  proportional  to  the  vertica 
ordinate  of  the  equilibrium  polygon  at  that  point. 

Suppose  in  the  equilibrium  polygon  3'4  in.  =  1  ft.,  and  H  =  2000  lb.,  then  ^i  in.  in  th 
equilibrium  polygon  represents  2000  ft. -lb.  That  is,  each  inch  on  the  vertical  ordinate  of  th 
equilibrium  polygon  represents  2000  X  4  =  8000  ft. -lb.  of  bending  moment.  For  instance,  if 
vertical  ordinate  at  a  given  section  scales  2.45  in.,  the  bending  moment  of  that  section  under  th 
above  conditions  is  8000  X  2.45  =  19,600  ft.-lb. 


- 


Fig.  43. 

Inclined  forces  acting  on  beams  should  be  resolved  into  horizontal  and  vertical  componenti 
The  horizontal  components  cause  no  moment  so  that  only  the  vertical  components  need  1  t 
considered. 

The  graphical  representation  of  bending  moment  at  every  point  in  the  span  can  be  appli« 
to  cases  of  uniform  loading,  but  the  construction  is  difficult  and  the  algebraic  method  is  mu( 
more  simple.  When  a  beam  is  subjected  to  both  uniform  and  concentrated  loads,  it  is  sometim 
convenient  to  find  the  bending  moment  for  the  concentrated  loads  by  the  graphical  method,  ai 
the  bending  moment  for  the  uniform  load  by  the  algebraic  method.  The  algebraic  sum  of  tl 
two  moments  at  any  given  section  will  give  the  correct  moment  at  that  section. 

54.  Effect  of  Floor  Beams  in  Bridge  Construction. — Since  bridges  are  frequently  used 
connect  factories  and  other  buildings,  the  effect  of  using  floor  beams  in  bridge  construction  k 
the  shears  and  moments  in  the  supporting  girders  or  trusses,  will  be  considered  in  this  boo 
The  principles  involved  apply  to  a  number  of  other  special  cases  in  building  construe tio 

Floor  beams  are  ordinarily  riveted  to  the  sides  of  girders.  For  clearness  in  presentatio 
however,  the  floor  beams  will  be  shown  as  resting  upon  the  girders  and  the  stringers  upon  tl 
floor  beams  (Fig.  45).  The  shears  and  moments  are  identical  for  the  two  cases.  Girders  a 
usually  placed  parallel  to  each  other  and  any  load  coming  upon  the  planking  or  rails  (or  whatev 
the  flooring  may  be)  is  transmitted  by  means  of  the  stringers  to  the  floor  beams  and  thence ' 
the  girders,  each  girder  receiving  a  proportional  part.  The  loads  given  in  each  case  will  be  tl 
proportional  part  of  the  total  load  considered  which  is  actually  transmitted  to  the  given  girde 
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Let  F  be  the  proportional  part  of  an  applied  load  which  is  transmitted  to  a  given  girder. 
s  shown  in  Figs.  44  and  45  it  will  be  transmitted  at  panel  i)oints  2  and  3.      Panel  point  3  will 

>c('ive  F-  and  panel  point  2  will  receive  7*' or,  in  other  words,  these  panel  points  receive 

le  reactions  of  a  simple  beam  one  panel  in  length,  the  stringers  not  being  continuous  over  the 
jor  beams. 

In  Fig.  45  considering  only  the  applied  load  shown,  the  left  hand  reaction  Ri  equals  F     —— 

L  -,(a+6) 


id  the  right  hand  reaction  R^  equals  F 


the  same  as  if  there  were  no  floor  beams. 


o  prove  this,  it  is  only  necessary  to  distribute  a  proportional  part  of  the  load  F  to  the  panel 
)int  3  and  also  the  proper  amount  to  the  panel  point  2,  and  determine  the  reactions. 


Lead  at  3  =F- 
Loadat2=F^P-"^ 


1 


V 


Left  hand  reaction  = 


F-  (6  +  p)  +  F 
P 


iP  -a), 


(a  +b) 


L 

(sameaswith- 


-^  ^                     F/oorbeams„^ 
g  ^  ^.E'nd  of sfringer  is  j  \ 

simply  supported [_i 


out  floor  beams) 
Right  hand  reaction  =  F ^^ — 


=  F 


L  -  (a  +b) 


T      T       ¥    -^ 


^ 


Girder 


(same  as 


-P- 


Fig.  44. 


Floor  beams 
Stringers 


Ft 

[14 


'5f ringers--. 


without  floor  beams) 
In  bridges  carrying 
acks,  the  stringers  and 
ils  are  generally  equally 
aced  about  the  center 
le  between  girders  or 
usses.  If  the  bridge  is 
■ngle-track,  a  girder  (or 
uss)  thus  receives  one-half 
e  total  live  load ;  that  is, 
e  weight  coming  upon  one 
11.     The  above  discussion 

>I)lios  directlj^  to  such  a  case,  the  load  F  being  any  wheel  load  which  may  come  upon  one  rail. 
The  following  statements  may  be  made  pertaining  to  the  effect  of  using  floor  beams.  The 
1st  four  statements  refer  to  a  girder  supported  at  one  or  both  of  its  ends.  Statements  5  and 
'explain  themselves.  The  load  considered  is  the  proportional  part  of  the  floor  load  (live  and 
'ad)  which  is  transmitted  to  the  girder  in  question.  Statements  1  and  3  are  of  use  in  designing 
i.isses. 

(The  only  load  applied  to  a  girder  between  floor  beams  is  its  own  weight.  This  is  a  uniform 
lid  and  can  be  considered  by  itself,  according  to  method  previously  stated.  The  following 
utements  do  not  include  this.) 

L  Shear  is  constant  between  any  two  adjacent  floor  beams. 

2.  Moment  varies  uniformly  between  any  two  adjacent  floor  beams. 

3.  Moment  at  any  floor  beam  is  the  same  as  it  would  be  if  there  were  no  floor  beams. 

4.  If  no  load  is  applied  in  a  given  panel,  the  moment  at  any  point  in  that  panel  is  the  same 
J  ii  would  be  if  there  were  no  floor  beams, 

5.  If  a  load  is  applied  in  a  given  panel  of  a  cantilever  girder,  the  moment  at  any  point  in  that 
I  nel  is  greater  than  it  would  be  if  the  girder  had  no  floor  beams. 

6.  If  a  load  is  applied  in  a  given  panel  of  a  girder  supported  at  its  two  ends,  the  moment  at 
iy  point  in  that  panel  is  less  than  it  would  be  if  the  girder  had  no  floor  beams. 
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55.  A  Single  Concentrated  Moving  Load. — For  a  single  concentrated  moving  load  th 
maximum  positive  live  sliear  on  a  simple  beam  at  any  section  as  A,  Fig.  46,  occurs  when  tb 
load  is  just  to  the  right  of  the  section.  This  statement  is  readily  verified  by  considering  ho 
the  shear  varies  at  the  section  as  a  load  passes  across  the  beam  from  the  right  to  the  left  suppor 
The  left  reaction,  and  consequently  the  positive  shear,  is  increased  as  the  load  P  Ls  moved  froi 

the  right  support  up  to  the  section,  being  greatest  when  tl 
\P  load  is  just  to  the  right  of  the  section.      Now  move  the  load  1 

the  left  of  A.  The  shear  is  equal  to  the  difference  btween  tl 
left  reaction  and  the  load  P  and,  since  a  load  is  always  great 
than  either  reaction  (the  load  being  equal  to  the  sum  of  tl 
reactions),  the  shear  with  the  load  to  the  left  of  A  is  negativ 
proving  that  the  positive  shear  is  a  maximum  with  the  load  ju 


I 


c 


L 


Pj^   ^q  to  the  right  of  the  section.     In  practice  the  load  is  always  place 

at  the  section.     This  same  line  of  reasoning  might  be  followi 

through  for  negative  shear,  moving  a  load  fiom  the  left  abutment  to  the  section  and  consi 

ering  how  the  shear  varies  to  the  right  of  the  section.     The  maximum  negative  shear  is  found 

occur  when  the  load  is  just  to  the  left  of  the  section.     The  value  of  the  maximum  positive  she 

for  the  load  P  is  P  y  and  the  maximum  negative  shear  is  P  — ^ 

The  maximum  live  moment  at  A  occurs  with  the  load  at  A,  for  a  movement  to  either  si 
reduces  the  opposite  abutment  reaction  and  consequently  the  moment.     The  maximum  mome 

isPliL-x).  p^ 

At  any  point  on  a  cantilever  beam,  such  as  at  A,  Fig.  47, 
the  shear  is  a  maximum  when  the  load  is  anywhere  to  the  right 


of  the  point.     When  the  load  is  on  the  left,  the  shear  is  zero,    ^p  A^  ...^ 

The  moment  is  a  maximum  at  the  section  when  the  load  is  at    '^< L 

B  and  equals  P   X  x.     When  the  load  is  to  the  left  of  A,  the 

,    •  '  Fig.  47. 

moment  is  zero. 

Now  consider  a  bridge  girder  supported  at  both  ends  and  carrying  floor  beams.     Requii 

the  maximum  live  shear  in  any  panel  as  EF,  Fig.  48.     As  previously  mentioned,  the  load  sho 

is  the  proportional  part  of  the  total  load  in  the  panel  which  is  transmitted  to  the  girder  in  qu 

tion.     The  shear  is  constant  in  EF  for  any  loading.     Let  V  denote  this  shear.     Then,  when  i 

load  P  is  in  the  panel  EF,  the  shear 


V  =  (left  reaction)  -  (load  at  £')  =  P 


/a  +  6  _  a\ 


QlaU.- jb -J  ^^  ^^^  ^^^^  ^^  ^^  placed  that  — j —  =  -  then  the  shear  in  EF  =  0.    T 

t     t     T     T     t  — f  P^^'^t  ^^  called  the  neutral  point  in  the  panel.     A  load  to  the  rij 
I      \(jjrder        \  o^  ^^^  neutral  point  causes  positive  shear  and  to  the  left  cau 
£r  u„.Jy^  1  negative   shear.      Every   panel  has  a  neutral  point  which   can 
-/,  -- H  found  by  using  the  equation 


Fig.  48.  — - —  =  -  which  gives  a  = 


L      -p ^""'^"       L-p 

It  can  be  seen  from  the  equation  that  the  position  of  the  neutral  point  does  not  depend  upon 
magnitude  of  the  load  but  simply  upon  the  length  of  panel  and  the  position  of  the  pane 
the  span.  The  maximum  positive  shear  in  panel  EF  will  occur  when  the  load  P  is  at  the  pa 
point  F,  since  the  shear  decreases  as  the  load  is  moved  from  that  point  to  the  neutral  pc 
where  it  is  zero.  For  the  same  reason  the  maximum  negative  shear  will  occur  when  the  1« 
is  at  the  panel  point  E. 

As  stated  in  Art.  54  the  moment  at  any  point  in  a  panel,  as  EF,  for  a  load  P  in  that  pane 
less  than  it  would  be  if  there  were  no  floor  beams,  while  with  the  load  P  outside  of  EF, 
moment  is  the  same  as  for  a  simple  beam.     At  the  floor  beams  the  moment  is  the  same  a 
there  were  no  floor  beams.     In  designing  structures  maximum  moment  only  is  usually  desii 
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7^ 

— -X 


I  -• 

Fig.  49. 


jiisoquently  it  is  sufficient  to  compute  the  moments  only  at  the  floor  beams  and  to  do  it  just 
^  if  there  were  no  floor  beams.     Fig.  49  represents  a  cantilever  girder  supporting  floor  beams, 
laximum  shear  in  EF  occurs  when  the  load  is  anywhere  to  the  right  of  F  and  equals  P.     Maxi- 
mum moment  at  any  panel  point,  as   E,  occurs  with  P  at  5 
II        and  equals  /'  X  x. 
56.   Moving  Uniform  Load. — For  a  moving  uniform  load 
t    t     T     T      I     l^R     the  maximum  positive  live  shear  ^ 

on  a  simple  beam  at  any  section  as 
A,  Fig.  50,  occurs  when  the  right 
hand  section  of  the  beam  is  loaded 
up  to  the  point  considered.  This 
is  seen  to  be  true  when  we  consider 
lat  adding  a  load  to  the  right  of  A  increases  the  left  reaction  and  therefore  the  positive  shear, 
hilo  adding  a  load  to  the  left  of  A  increases  the  left  reaction  by  an  amount  less  than  the 
ad  which  is  added,  and  hence  decreases  the  positive  shear.     The  maximum  positive  shear 

1      x^ 
,  A  in  Fig.  51  for  a  uniform  load  of  lu  lb.  per  ft.   =  -  iv  -y- 

Z  Li 

From  similar  reasoning  to  the  above,  the  maximum  negative  shear  at  any  section  as  A, 
\<l.  50,  is  found  by  loading  to  the  left  of  the  point.     Maximum  negative  shear  at  A,  Fig.  52, 

I       (L  —  x)'^ 
r  a  uniform  load  of  lo  lb.  per  ft.  =  ^  i« ? (considering  the  right  hand  reaction). 


Fig.   50. 


Ip-perfoof 


\^- 


Fig.  51. 


maximum  M  = 


2  L 

The  maximum  moment  at  any  sec- 
tion as  A  occurs  when  the  beam  is  jnlhj 
%  loaded,  for  the  addition  of  a  load  any- 
where on  the  beam  will  add  a  positive 
moment  at  the  section.  For  a  load  of 
IV  lb.  per  ft.,  the 


w  Ibperfh 


AV- 


Fig.  52. 


wL 


{L-x)  - 


w(L  —  x)^ 


2    ^  '  2 

the  section  is  at  the  center  of  the  beam,  the 


=  |-  (L  -  x){L  _  L  -I-  x)  =  I  (x)(L  -  X) 


maximum  M  =  -  wL^ 

o 

The  above  formulas  for  maximum  moment  give  results  in  foot  pounds,  since  w  represents 
e  load  in  pounds  per  foot  and  L  the  span  of  the  beam  in  feet.     To  get  inch  pounds,  multiply 

by  12  or  insert  for  w  in  the  formulas  the  load  in  pounds  per 
inch  and  for  L  the  span  of  the  beam  in  inches. 

At  any  point  on  a  cantilever  beam,  such  as  at  A,  Fig.  53, 
the  maximum  shear  occurs  for  either  a  full  load  over  the  entire 
length,  or  for  full  load  on  the  portion  of  the  beam  between  the 
section  and  the  free  end,  and  equals  ivx.     The  moment  is  always 
L^ative  and  the  maximum  moment  occurs  for  the  same  loading  giving  maximum  shear;  i.e., 

wx^ 


"//I 

w  Ib.perfh 

V/wWM 

1 

< 

'^l<-A---> 

L > 

Fig.  53. 


maximum  M  = 


Now  consider  the  case  of  a  uniform  load 
il  u;  lb.  per  ft.  on  a  bridge  girder  supported 
'  its  two  ends  and  carrying  floor  beams. 
Ithe  girder  is  fully  loaded,  the  load  on  each 
fur  beam  is  wp,  except  on  the  end  floor 
t  ims  which  carry  y^  wp.  These  end  floor 
'■■  im  loads  are  usually  supported  directly 
walls  or  abutments,  and  may  be  neglected 
I  determining  shear  and  moment.  R\,  Fig. 
then  equals  2^  "^V  and  R^  equals  2^  WV- 


Fig.  54. 
The  maximum  positive  shear  in  any  panel, 
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such  as  EF,   occurs  when  the  load  extends  from  the  right  to  the  neutral  point  in  the  pan] 

(Fig.  55).     Thus 

^j.       iv{a  +  b)"^       iva^ 
maximum  V  =  prr jr — 

In  practice,  the  assumption  is  generally  made  that  for  maximum  positive  shear  in  a  pane 

all  panel  points  up  to  and  including  ti 


-^ 


Tohl  load^,  wfa-t-b) 


a 


H 


k - 


|! 


# 


one  at  the  right  of  the  panel  are  full 
loaded,  and  the  ones  to  the  left  withoi 
any  load.  It  is  not  possible  to  get  th 
loading,  but  the  assumption  is  coi 
veaient  and  a  little  on  the  safe  side, 
is  obvious  that  in  order  for  panel  point  j 
Fig.  55,  to  have  a  full  load,  the  load  mu 
extend  to  the  panel  point  E  and  then 
would  have  half  a  panel  load.  A  load  .■ 
E  would  reduce  the  positive  shear  in  Ei. 

so  by  omitting  this  we  are  on  the  safe  side;  that  is,  we  are  providing  for  a  little  greater  positri 

shear  than  actually  exists.     For  this  loading  the  shear  in  EF  is 

(1+2+3) 


--L  -■ 

Fig.  55. 


■ -H 


6 


The  maximum  negative  shear  is  likewise 


(1  +2) 


(piy) 


kvw). 


The  moments  at  the  floor  beams  are  the  same  as  they  would  be  if  there  were  no  floor  bean 
Maximum  moment  occurs  as  before  for  full  loading  and  is  positive  at  every  point.  The  ma 
mum  moment  at  a  floor  beam  distant  x  from  the  right  abutment  is  (as  in  a  simple  beam) 


wL 


ih-x)  - 


w{L  -  xY' 


=  |(x)(L  -x) 


Fig.  56  represents  a  cantilever  girder  supporting  floor  beams 
occurs  when  BE  is  loaded  and  equals  w'(6  +  y^v)-     Maximum 
moment  at  E  occurs  for  either  full  loading  or  for  full  load  on 
BE,  and  equals  (in  this  particular  figure),  ! 

7^(1  +  2  +  3)t<;p  +  \p(\iDi\   =  8p2?y 


% 


Maximum  shear  in 

w  lb.  oer  fi 


I    i    M    t 


^V 


--L  ■ 


-b 


il 


57.  Influence  Lines. — As  a  load  moves  over  a  beam,  the 
shear  and  moment  at  a  given  section  will  vary.     If  the  value  Fig   55 

of  moment  at  any  point  A  is  plotted  as  an  ordinate  at  the  point 
where  the  load  is  applied,  and  this  process  repeated  for  each  position  of  the  load,  the  resulll 
called  an  influence  diagram  for  the  moment  at  point  A ;  and  the  curve  generated  by  the  extrei 
ties  of  all  ordinates  is  called  an  influence  line  for  the  moment  at  point  A.     Similar  lines  may 
drawn  for  shear  and  for  deflections.     In  structures,  influence  lines  may  also  be  drawn  for  str 

intensities  at  a  given  point.  The  curve  gets  its  name  1 
cause  of  the  fact  that  for  any  chosen  point,  it  gives  1 
influence  on  a  certain  function  at  that  point,  for  var: 
positions  of  the  load. 

It  should  be  noted  that  the  influence  line  for  mom< 
— for  a  simple  beam,  for  instance — differs  from  the  mom( 
diagram  for  that  beam.  The  moment  diagram  gives  )' 
moment  at  any  point  for  one  position  of  the  load ;  while  1 
influence  line  for  moment  gives  the  moment  at  one  point 
any  position  of  the  load.  For  each  point  in  the  beam  there  may  be  drawn  an  influence  IL 
but  each  influence  line  is  descriptive  of  but  one  point.     In  Fig.  57  there  is  drawn  an  influeij 
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ine  for  moment  at  A. 


The  moment  at  A  is  -f— ,  and  that  is  the  value  of  the.  ordinate  at  A 
L 


Pxb 
"he  ordinate  at  B  is  -7—  and  is  the  moment  at  A  when  the  load  P  is  at  B. 


ah 


Suppose  the  beam  to  have  a  load  of  1  lb.  moving  across  it.     The  ordinate  at  A  is  then  j 

Tsually  influence  lines  are  drawn  for  unit  loads.  The  ordinate  at  B  is  then  the  moment  at  A 
i'hen  a  unit  load  is  placed  at  B.  If  the  load  at  B  is  not  unity,  then  the  moment  at  A  will  be 
qual  to  the  load  times  the  ordinate  at  B  for  the  1-lb.  load. 

If  the  beam  is  loaded  with  a  uniform  load,  the  moment  at  A  is  equal  to  the  load  per  foot 
inies    the    area    of    the    influence    diagram    for    the    moment    at    A.     In    Fig.  57  this  is 

w   -f-  '  L  '  ^)  or  ^  ■  ab,  which  is  readily  recognized  as  the  moment  at  A  for  a  uniform  load. 


'"or  a  partial  uniform  loading,  the  load  per  foot  multiplied  by  the  area  of  the  influence  diagram 
or  the  loaded  portion  will  give  the  moment  at  A. 


«v  Inf hence  line 
^  for  shear  af  A 


.    Influence  line  for 
K  rnomenf  af  A 
;   (y  is  I'he  rnomenf  crIA 
^  for  a  bad  Unify  af  K) 


Without  Floor  Beams 


Fig.  58. 


X  - ■-> 

With   Floor  Beams 

Fig    59. 


Influence  line 
_^  for  shear  af  A 


Influence  line  for 

^  rnomenf  at  A 

liL  (showing  rnomenf  is 
greafer  fhan  w/fh- 
ouf  floor  beams.) 


Influence  line 
for  shear  af  A 


Influence  line  for 
rnomenf  of  A . 


Influence  line  for 
shear  in  panel  Ef 
I  N  is  fhe  neufral 
poinf  in  fhe  panel 


V X. 

Without  Floor  Beams 


Fig.   60. 


Influence  line  for 

rnomenf  af  A 

.  (shomng  rnomenf  is 

.j^ y  less  fhan  wifhouf  floor 

-  X  —  -J  beams)  Influence  fine 

j< i_ .-^  for  rnomenf  af  a  floor 

\  beam  is  fhe  same  whefh- 
er  floor  beams  are  presenf  or  nof 
With   Floor   Beams 

Fig.  61. 


Influence  lines  for  shear  and  moment  on  cantilever  and  simple  beams  and  girders  are  shown 
Figs.  58,  59,  60,  and  61. 
The  influence  line  shows  three  things: 

1.  The  effect  on  the  function  under  consideration  for  a  single  load  at  any  point  on  the 
ructure. 

2.  Where  a  single  load  must  be  placed  in  order  to  produce  the  maximum  or  minimum  effect. 

3.  With  a  uniform  live  load,  the  part  (or  parts)  of  the  structure  which  must  be  loaded  in 
der  to  produce  the  maximum  positive  or  the  maximum  negative  effect. 

Influence  lines  are  not  generally  used  for  determining  values  of  functions  for  simple  beams, 
rders,  or  trusses,  because  the  algebraic  methods  are  more  simple,  but  the  use  of  influence 
IBS  leads  to  a  better  understanding  of  the  effect  of  moving  loads  and  in  many  complicated 
ructures  the  influence  line  affords  the  simplest  and  best  solution  of  a  problem.  It  is  freely 
ed  in  methods  of  analysis;  that  is,  finding  the  position  of  loads  to  give  maximum  shear  or 
oment  or  whatever  the  function  may  be  which  is  under  consideration. 
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58.  Concentrated  Load  Systems. 

58a.  Maximum  Shear  Without  Floor  Beams. — In  order  to  determine  the  value  ( 
the  maximum  shear  at  a  given  section  due  to  a  series  of  concentrated  loads  in  a  load  system, 
is  first  necessary  to  find  just  how  the  loads  must  be  placed  in  order  to  give  this  maximum  shea 

Suppose  the  maximum  shear  is  required  at  any  section  on  a  structure  without  floor  beam 
such  as  Section  A,  Fig.  60.  Place  some  load  just  to  the  right  of  A,  which  for  convenience  v 
shall  call  Pi.  Let  Gi  then  represent  the  sum  of  the  loads  to  the  left  of,  and  including  Pi,  an 
G-i  the  sum  of  the  loads  to  the  right  of  Pi.  Also,  let  G  equal  the  total  load  on  the  structure  whe 
Pi  is  at  A,  and  b  the  distance  between  Pi  and  the  next  load  to  the  right  which  we  shall  ca 
P2. 

Now  suppose  the  system  of  loads  be  moved  a  distance  b  to  the  left  thus  bringing  P2  to  ^ 
The  effect  upon  the  positive  shear  is  first  to  decrease  it  suddenly  by  an  amount  Pi,  after  whi( 
it  is  gradually  increased.     The  increase  due  to  G2  may  be  expressed  by 

G2  b  tan  a  (see  Fig.  60) 
and  the  increase  due  to  Gi  (decrease  in  negative  shear)  may  likewise  be  expressed  by 

Gib  tan  a 
The  net  change  in  shear  due  to  the  entire  movement  is 

Gib  tan  a  +  Gob  tan  a  —  Pi 
or 


4- 


Pi 


If  this  expression  is  positive,  then  the  second  position  gives  the  greater  shear  and,  if  negati-\ . 
the  first  position.     For  equal  shears  we  have,  therefore 

G  ^Pi 

L        b 
The  slight  increase  in  shear  due  to  additional  loads  that  may  come  upon  the  structure  frc 
the  right  has  been  neglected.     The  above  expression  means  that  to  increase  the  shear  we  lu 
to  the  left  provided  the  average  load  per  foot  on  the  whole  span  is  greater  than  the  load  at  t 
section  divided  by  the  distance  between  this  load  and  the  next  load  to  the  right. 

Since  the  slight  increase  in  shear  due  to  additional  loads  that  may  come  upon  the  stnicti 
from  the  right  has  been  neglected  in  deriving  the  above  criterion  for  maximum  shear,  the  effi 
of  such  loads  must  be  investigated.     If  G'  be  the  total  load  on  the  structure  when  P2  is  at 

p       .„   ,  ,         ,    ,  ^b 

moving   up  P 


then  the  increase  in  shear  when 


will  be  somewhere  between  G  ^  —  Pi  a 


G'  Y  ~  Pi-     It  may  be  possible  for    the  first  expression  to  be  negative  and  the  latter  po 

Ij 


tive. 


C  P 

Such  a  circumstance  would  result  in  causing  j  to  be  less  than  -7- 


for     two     succeedi 


MM 


loads  and  both  positions  would  have  to  be  tried. 

586.  Maximum  Moment  Without  Floor  Beams. — -In  order  to  determine  maximu 
live  moment  at  any  section  of  a  structure  for  a  system  of  concentrated  loads,  it  is  first  necessa 
to  find  the  position  of  the  loads  to  give  this  moment. 
Consider  the  determination  of   maximum   mo- 
ment at  a  section  of  a  simple  beam,  such  as  A,  Fig.  62. 

Let  Pl  —  resultant  of  all  loads  to  the  left  of  A. 
Xl  =  its  distance  from  the  section. 
P  =  total  load  on  span. 
Xr  =  its  distance  from  right  support. 
X  =  distance  of  section  from  right  support. 

Then  the  moment  at  A  is  Fig.  62. 

M  ='P'^(L  -  x)  -PlXl 


R 
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Let  the  system  of  loads  be  moved  a  small  distance  A  to  the  left,  the  distance  being  so  small 
that  the  distribution  of  the  loads  will  not  be  changed.     Then  the  new  moment  is 

xh  +  A 


=  [• 


M=  P 
xr 


(L  -  :r)  -  Pl{:xl  +  A) 


{L 


L 

V--         x)   —  PlXL 

The  moment  has  increased  by  so  doing  provided 

x)  >  PlA 
Pl 


+  PliL  -  x)  -  P^A 


pUl 


>  r- 


L  —  X 

In  other  words,  the  moment  at  a  given  section  will  keep  increasing  by  moving  the  loads  to  the 
left  until  the  sign  of  inequality  is  changed.  That  is,  the  maximum  moment  is  obtained  when 
with  a  load  to  the  right  of  the  section 

L  ^  L  -  .T 
and  with  the  same  load  moved  to  the  left  of  the  section 

L      L  —  x 
P  P 

During  this  slight  movement  j  passes  the  value  ^j—^ — 

Thus,  for  maximum  moment 

P  Pl 

L  L  —  x 
It  follows  from  this  that  the  moment  will  be  increased  by  moving  the  loads  to  the  left 
provided  the  average  load  per  foot  on  the  whole  span  is  gi  eater  than  the  average  load  on  the 
left  of  the  section.  Thus,  the  maximum  moment  at  any  section,  as  A,  will  occur  when  some 
oad  lies  at.  that  point,  and  that  load  must  be  such  that  when  it  lies  just  to  the  right  of  the 
section,  the  average  load  on  the  whole  span  will  be  greater  than  the  average  on  the  left,  while  if 
t  lies  to  the  left  of  the  section,  the  average  load  on  the  left  will  be  the  greater. 

It  sometimes  happens  that  with  a  load  just  to  the  left  of  the  section,  the  average  load  on 
;he  whole  span  is  just  equal  to  the  average  load  on  the  left  of  the  section.  This  means  that 
;he  moment  which  has  been  increasing  by  moving  the  loads  to  the  left,  will  now  remain  the 
same  until  some  load  either  comes  on  the  span,  passes  the  section,  or  goes  off  the  span.  If  a 
oad  comes  on  the  span,  the  moment  is  increased  and  the  loads  should  be  kept  moving  to  the 
eft.  If  a  load  should  go  off  the  span  before  a  load  reaches  the  section,  then  the  average 
oad  on  the  whole  span  is  still  greater  than  the  average  load  on  the  left,  and  the  moment 
vill  keep  increasing  until  some  load  reaches  the 
"action.  Thus  it  follows  from  the  above,  that 
vhen  the  average  load  on  the  whole  span  is 
^qual  to  the  average  load  on  the  left  of  the  sec- 
ion,  the  resulting  moment  is  not  necessarily  a 
aaximum.  It  is  a  maximum  only  when  no  load 
omes  on  or  goes  off  the  span  in  the  process  of 
aoving  up  the  next  load  to  the  section.  In  such 
\^  -  case  the  same  maximum  moment  is  obtained 
i  or  the  two  loads  in  succession. 

58c.  Maximum  Shear  With  Floor  Beams. — The  position  of  loads  to  give  maxi- 
uim  shear  in  any  given  panel  of  a  girder  or  truss  must  first  be  determined  before  the  value  of 
.  his  maximum  shear  can  be  found.  Let  Fig.  63  represent  a  system  of  concentrated  loads  on  a 
ridge  having  floor  beams.  Suppose  the  maximum  shear  from  the  live  load  is  required  in 
anel  he.  Let  Gi  be  the  total  load  on  the  bridge  to  the  left  of  the  panel  in  question,  G-z  the  sum 
f  the  loads  in  the  panel  he,  and  G  the  total  load  on  the  span.  Also  let  x  equal  the  distance  from 
to  the  right  abutment,  and  x^  the  distance  from  G2  to  the  point  c. 
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Fig.   63. 
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Then  the  shear 

.       Gx      G2X2       „ 
L  J) 

Let  the  system  of  loads  be  moved  a  distance  A  to  the  left;  then  the  new  shear  is 

„,       G{x  +  A)       Go{x2  +  A)       „ 
L  p 

The  shear  has  been  increased  by  the  operation  provided 

Gjx  +  A)       G2{X2  +  A)       r^   ^Gx      G.x^       „ 
L  p  L  p 

or 

G       G2 
L^  p 

The  above  expression  means  that  to  increase  the  shear  we  move  to  the  left  if  the  average 
load  per  foot  on  the  whole  span  is  greater  than  the  average  load  in  the  panel  in  question,  and 
vice  versa.  Hence,  we  find  that  the  maximum  shear  in  the  panel  will  occur  when  some  load 
is  at  the  panel  point  at  the  right  of  the  panel,  and  that  load  must  be  such  that  when  it  lies  just 
to  the  right  of  the  panel  point,  the  average  load  on  the  whole  span  will  be  greater  than  the  aver- 
age in  the  panel,  while  if  it  lies  to  the  left  of  the  panel  point,  the  average  load  in  the  panel  will 
be  the  greater.     More  than  one  maximum  may  be  found  under  each  set  of  heavy  loads. 

58d.  Maximum  Moment  With  Floor  Beams. — As  shown  in  Fig.  61,  the  momeni 
between  floor  beams  is  always  less  than  if  there  were  no  floor  beams.  Hence,  it  is  only  necessarj 
to  compute  the  maximum  moments  at  the  floor  beams  and  to  do  it  as  if  there  were  no  flooi 
beams. 

58c.  Absolute  Maximum  Moment. — When  a  series  of  concentrated  loads  passe; 

p   p  p  pop  over  a  structure  without  floor  beams,  the  bending  mom  en 

11^1^'      1^     I  ^     I  ^  under  a  given  wheel  load  will  vary  and  will  be  a  maximuni 

I   I      I     I      I       >!> when  the  wheel  is  near  the  center  of  the  beam.     Theri 


Fig.   64: 


j       I  >  I  will,  consequently,  be  a  maximum  moment  considering  eac 

---y  --->]     ^kp- X ■>    wheel  load  and  the  greatest  of  these  moments  is  called  th 

^ ->    absolute  maximum  moment. 

Suppose  the  maximum  moment  is  required  at  the  loa 
Pi,  Fig.  64,  as  the  load  system  passes  over  the  span.  Let  . 
equal  the  resultant  of  all  the  loads  on  the  span  when  P3  is  somewhere  near  the  center  of  th 
beam.     The  rhoment  at  P3  is 

Ms  =  R-j (moments  of  loads  Pi  and  P2) 

Li 

In  order  for  M3  to  be  a  maximum,  .rymust  be  a  maximum;  that  is,  x  must  equal  ;/.  1 
other  words,  the  center  of  the  beam  must  be  half  way  between  P3  and  R.  Thus,  the  methc 
of  determining  the  maximum  moment  under  any  one  of  the  concentrated  loads  is  to  place  tl 
loads  so  that  the  load  in  question  is  near  the  center  of  the  beam  and  then  find  the  line  of  actic 
of  the  resultant  of  the  loads  which  are  on  the  span.  (It  is  more  convenient  to  move  a  line  repr 
senting  the  length  of  the  beam  than  it  is  to  move  the  loads.)  The  beam  should  then  be  plac( 
so  that  its  center  will  come  midway  between  R  and  the  load  in  question,  and  the  maximu 
moment  at  the  load  computed.  The  maximum  moment  should  next  be  found  at  each 
the  heavy  loads  in  the  same  manner  as  above.  The  greatest  moment  will  be  the  absolu 
maximum. 

SIMPLE  AND  CANTILEVER  BEAMS 

By  Walter  W.  Clifford 

59.  General  Method  of  Design. — The  maximum  bending  moment  and  maximum  she] 
in  a  beam  should  first  be  computed  as  explained  in  the  preceding  chapter.  Then  the  problem  [ 
the  design  of  beams  is  to  select  one  of  such  section  that  the  maximum  unit  stresses  induced 
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:'F^^ 


Fio.   65. 


Fig.   66. 


the  beam  will  be  satisfactory  and  will  not  exceed  the  allowable  working  stresses.  Formulas 
for  unit  stresses  are  used,  one  in  terms  of  maximum  moment  and  the  other  in  terms  of  maximum 
shear. 

60.  Bending. — When  a  beam  supported  at  each  end  deflects  under  a  load,  the  upper  fil>ers 
shorten  and  the  lower  fibers  elongate.  In  a  simple  beam,  therefore,  the  upper  fibers  are  in  com- 
pression and  the  lower  fibers  in  tension.  With  a  cantilever  beam  the 
reverse  is  true. 

Figs.  65  and  66  show,  much  exaggerated,  the  effect  of  bending  on 
simple  beam  and  cantilever  beam  respectively.  The  full  lines  represent 
the  position  of  the  beam  before  bending  and  the  dash  lines  after  bending. 
In  each  beam  there  is  a  horizontal  plane  or  section,  perpendicular  to  the 
elevations  shown,  in  which  the  fibers  neither  elongate  nor  shorten. 
This  is  called  the  neutral  plane.  The  line  of  intersection  of  the  neutral 
plane  with  a  vertical  cross  section  is  called  the  neutral  axis  of  the  section. 

61.  Fundamental  Bending  Formula. 

61a.  Assumptions. — In  order  to  get  an  expression  for  fiber 
stress  in  terms  of  bending  moment,  certain  assumptions  must  be  made. 

1.  It  is  assumed  that  a  plane  cross  section  before  bending  remains  a  plane  after  bending — 
that  is,  the  two  planes  shown  in  Fig.  67  by  the  full  heavy  lines  remain  planes  when  they 
assume  their  dotted  positions  after  bending.  Above  the  neutral  axis  the  planes  move  toward 
each  other  an  amount  varying  uniformly  from  the  neutral  axis  to  a  maximum  at  the  top  of  the 

sections.  Below  the  neutral  axis  they  move  away  from 
each  other  in  a  similar  manner.  This  assumption  is  shown 
by  tests  to  be  true  within  the  precision  of  ordinary  struc- 
tural work. 

2.  It  is  assumed  that  stress  varies  as  deformation. 
This  is  also  borne  out  by  experiments  within  working  limits 
(see  Art.  19). 
From  the  first  assumption  it  follows  that  deformation  varies  from  the  neutral  axis  to  a 
maximum  at  the  outside  fiber,  and  from  the  second  assumption  it  follows  that  the  stress  varies 
in  the  same  way.  There  is,  therefore,  uniformly  varying  compression  on  one  side  of  the  neutral 
axis  and  uniformly  varying  tension  on  the  other.  The  moment  of  this  compression  and  tension 
Bonstitutes  the  resisting  moment. 

In  standard  treatises  on  mechanics  it  is  demonstrated  from  the  above  assumptions  that  the 
leutral  axis  in  homogeneous  beams  passes  through  the  center  of  gravity  of  the  section. 

61&.  Derivation  of  Formula. — The  "unit"  stress  diagram  for  any  section  of  a 
Deam  is  given  in  Fig.  68,  and  shows  the  unit  stress  to  vary  uniformly  from  the  neutral  axis. 
If  the  fiber  stress  at  the  outside  fiber,  distant  c  from  the  neutral 
ixis,  be  denoted  by  /,  then  the  fiber  stress  at  any  point  distant  x 

X 

tti  Tom  the  neutral  axis  is  -  / ;  and  the  moment  about  the  neurral 

ixis  of  the  stress  on  an  infinitely  small  area,  distant  x  from  the 
X   .  ,,  afx^ 


Fig.  07. 


leutral  axis, 


•/ 


ici  yhole  section  is  ilf  = 


/ 


:,    OyMx    = 

Xax-. 


and  the  moment  for  the 


The  term  2  represents  summation  and  the  quantity  Zaa;^  means  the  sum  of  the  products 
(btained   by  multiplying   each   infinitesimal   area  by  the  square  of  its  distance  from  the 

leutral  axis.     In  rectangular  sections,  c  =  ^• 

61c.  Moment  of  Inertia. — The  quantity  Sax^  is  called  the  moment  of  inertia 
f  the  section  about  the  neutral  axis,  and  is  denoted  by  /.  The  general  term  moment  oj  inertia, 
.owever,  refers  to  any  axis  so  the  moment  of  inertia  of  a  section  with  respect  to  an  axis  may  be 
iefined  as  the  sum  of  the  products  obtained  by  multiplying  each  infinitesimal  area  of  the  section 
»y  the  square  of  its  distance  from  the  given  axis.     Values  of  /  for  various  sections  are  given 
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and  other  handbooks.     Substituting  /  in  the  formula  of  the  preceding  article 


M  ^■'— 


which  is  the  general  formula  for  resisting  moment  in  beams.     -  is  called  the  section  modulus. 

Gld.  Design  of  Wooden  Beams  for  Moment. — From  the  standpoint  of  moment 
computation  the  wooden  beam  is  simplest.  It  is  homogeneous  and  of  rectangular  section. 
The  "total"  stress  diagram  is  therefore  similar  in  shape  to  the  "unit"  stress  diagram  (compare 

Figs.  68  and  69).     /  for  a  rectangle  is  ^^7-     Substituting  this  in  the  general  formula, 


12' 


M  = 


or  bd^ 


f 


The   above   formula   may   also   be  derived  as  follows:    The  total  com 
piession  equals  the  total  tension  (Fig.  68)  or  C  =   T  =  b- 


knowing 


Section 


•Total' 
stress 
diagram 


Shear 
diagram 


to  be  the  average  stress, 

centers  of  gravity  of  the  two  triangles,  or 


2    2'  "" '^  2 

The  moment  arm  is  the  distance  between  the 
2d       „.         „        bdf   2d      fbd-^ 


Fig.   69. — Wood  beam. 


bdf   2d 
3        ThenM=^^^=^ 


To  design  a  wooden  beam  for  moment  the  only  procedure 
necessary  is  to  substitute,  in  the  formula  6d^  =  -7—,  the  allowable  fiber  stress  and  the  maxi- 
mum bending  moment  (since  the  resisting  moment  must  equal  the  external  bending  moment) 
and  choose  values  of  b  and  d  which  will  make  bd"^  equal  to  or  greater  than  -^  .  Some  hand- 
books give  the  allowable  bending  moments  and  section  moduli  for  dressed  timber  (see 
Sect.  2,  Art.  2a). 

From  the  foregoing,  it  is  evident  that  the  strength  of  homogeneous  rectangular  beams  in 
moment  varies  as  the  square  of  the  depth  and  as  the  first  power  of  the  breadth. 

61e.  Design  of  Steel  Beams  for  Moment. — Steel  beams  are  most  commonly 
/  or  channel  shape.  The  bulk  of  the  metal  is,  for  economy,  at  the  top  and  bottom  where  it 
will  have  higher  fiber  stresses.  The  "total"  stress  diagram 
for  these  sections,  instead  of  being  the  same  shape  as  the 
"unit"  stress  diagram,  is  as  shown  in  Fig.  70.  Hand- 
books giving  the  properties  of  standard  steel  sections  are 
published  by  steel  companies  and  are  universally  used  (see 
chapter  on  "Steel  Shapes  and  Properties  of  Sections"  in 
Sect.  2). 

61/.  Design  of  Cast-iron  Beams  for  Moment. 
Cast-iron  beams,  as  such,  are  almost  never  seen.  In 
the  common  uses  of  cast  iron,  such  as  bases,  covers,  etc., 

various  parts,  and  often  the  whole  must  be  designed  as  a  beam 
//'  I  /' \  1"  \  Mc 


Section 


'Total' 

stress 

diagram 


"Total' 

shear 

diagram 


Fig.   70. — Steel  beam. 


Nei/fral  _  ,K  Am 


^3 


This 

is  done  by  the  general  formula  /  =  ^y^.     Such   sections   are   usually 

—  irregular  in  shape  and  the  center  of  gravity  and  the  moment  of  inertia 
must  be  computed. 

Computations  for  locating  the  center  of  gravity  are  explained  in 
Art.  44. 

61^;.  Moment   of   Inertia    of    Compound    Sections. — The 

following  rule,  developed  in  treatises  on  mechanics,  applies  to  any  area : 

The  moment  of  inertia  of  an  area  with  respect  to  any  axis  equals  tliej 

moment  of  inertia  with  respect  to  a  parallel  axis  through  the  center  of 

gravity,  plus  the  product  obtained  by  multiplying  the  given  area  by  the  square  of  the  distance 

between  the  two  parallel  axes.     Expressed  by  formula  /i  =  /  +  Ax''-.     Finding  /  for  a  built-up 

section  is,  therefore,  a  question  of  dividing  the  section  into  simple  geometrical  areas,  or  areas! 


Fig.  71. 
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fill-  which  properties  can  be  obtained  from  a  handbook,  and  then  finding  the  moment  of  inertia 
of  each  of  these  areas  about  the  neutral  axis  of  the  entire  section  by  applying  the  above  rule. 
A  summation  of  the  moment  of  inertias  so  found  gives  the  moment  of  inertia  of  the  entire  section. 
For  example,  to  find  the  moment  of  inertia  of  the  cast-iron  section  shown  in  Fig.  71,  divide 
the  section  into  two  rectangles  as  shown. 

bd^  ^  (4)(1)(1)(1) 

12  12 


/  for  the  upper  rectangle  is 


=     0.33 


/  for  the  lower  rectangle  is 


(1)(4)(4)(4) 
12 


Axi^  for  the  upper  rectangle  is  (4) (1.25)- 

Ax2^  for  the  lower  rectangle  is  (4)  (1.25)^ 

/  of  entire  section 


=     5.33 

=  6.25 
=  6.25 
=  18.16in.« 


Kit 


"^ 


J 


62.  Bending  Formulas  for  Concrete. — In  concrete  beams  the  general  principles  are  the 
same  as  for  wooden  beams  but,  on  account  of  the  combination  of  materials,  the  neutral  axis 
is  not  at  the  center  of  gravity  of  the  concrete  section.  The  assumption  will  be  made  in  deriving 
formulas  for  concrete  beams  that  the  concrete  takes  no  tension.  This  assumption  is  not  strictly 
true,  but  the  error  is  slight  and  on  the  safe  side.  In  the  early  stages  of  loading  all  the  concrete  on 
the  tension  side  takes  tension  but  as  the  loading  increases,  the  concrete  cracks.  The  cracks 
start  at  the  bottom  of  beam  and  extend  toward  the  neutral  axis. 

Referring  to  Fig.  72,  let  As  and  Ac  represent  the  deformations  of  the  steel  and  concrete 
respectively,  as  shown. 


Then 


Therefore 


As 
Ac 
As 
Ac 


d  —  kd 
~~kd 
d  -  M 
kd 


fc 

But  Ac  =  4r-  and  As  = 


If  we  let        7^  =  m,  then 


=  A  -. 
nfc 

1  -  k 


E, 

1  -k 


As 
or  —  = 

Ac 


nfc 


nfc 


fs  +  nfc 
and 


k  = 


— '-^ 

' 

f^ 

/ 

^3 

1 

—2^ 

\ 

m  +  n 


Pig.  72. 


The  depth  of  the  neutral  axis  is  therefore  dependent  only  upon  the  ratio  of  the  moduli  of 

elasticity  and  the  fiber  stresses  of  the  steel  and  concrete. 

The  arm  of  the  resisting  moment  is  from  the  center  of  gravity  of  the  concrete  stress  to  the 

enter  of  the  steel,  or 

.  ,       kd 

3d  =  d  -    3- 

The  ratio  of  steel  area  to  total  area  is  called  p.     The  total  compressive  stress  is  b  X  A;d 

fc  .  fc 

X  ^  and  the  total  tension  is  pbdf^.     The  allowable  resistmg  moment  is  therefore  bkd  •  ^  •  jd  or 

Z  2t 


obdfsjd — that  is, 


M  =Hfckjbd%  or  fspjbd^ 


V  = 


iccording  as  to  whether  the  steel  or  concrete  is  the  weaker.  It  is  obvious  that  good  design  will 
nake  the  two  moments  as  nearly  equal  as  possible,  or  ^ifckjbd^  —  f^pjbd^,  whence 

kfc 
2/. 

lvalues  of /c,  fs  and  n  are  assumed  for  concrete  design  and  from  these  k,  j,  and  p  can  be  computed 
)y  using  the  above  formulas.  Then  by  placing  the  term  for  internal  moment  equal  to  the  actual 
ixternal  bending  moment,  values  for  b  and  d  can  be  selected  to  satisfy  the  equation.     The  area 

oi|f  steel  is  equal  to  pbd  and  suitable  rods  can  be  selected  to  give  the  required  area.  The  co- 
ifficient  of  bd^  in  the  term  for  the  resisting  moment  (i.e.,  pfsj  and  \2fckj)  is  a  constant  for  any 
elected  values  of  /,,  fc  and  n,  and  is  usually  denoted  by  K.     Table  giving  the  value  of  K  as 

a!  irell  as  values  of  k  for  various  stresses  is  shown  on  p.  152. 
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For  investigating  concrete  beams  already  designed,  the  formulas  may  be  put  in  the  fol- 
lowing form : 

A, 


V    = 


bd 


k    =  "v/  2pn  -\-  (pn)  ^ 
_k 
3 
M 


pn 


J    =    1 


fc     = 


Hkjbd^ 

M  _f,k 

pjbd^  "'■  •'"  ~  2p 

It  is  interesting  to  note  that  for  fs   =  16,000,  f^  =  650  and  n  =  15,  and  for  other  values  i 

giving  the  same  k,  the  formula  /  =  ^-5-2  as  used  for  wooden  beams  is  true  within  less  than  1  %^ 

and  gives  an  easily  remembered  method  for  the  design  of  simple  concrete  beams  knowing 
p  =  0.0077.     But  is  must   be  remembered    that  it  is  merely   a   mathematical   coincidence' 
that  the  simple  beam  formula  applies  since  the  error  increases  greatly  with  other  unit  stresses. 
63.  Shear. 

63a.  Vertical  Shear. — Consider  a  beam  with  a  single  concentrated  load  at  the 
center  and  cut  away  the  left-hand  third  of  the  beam,  as  shown  in  Fig.  73.  By  the  principles  of 
statics  the  internal  forces  acting  on  the  section  cut  must  balance JJie 
external  forces  acting  on  the  left-hand  portion  of  the  beam.  It  willi 
be  seen  that  C  and  T,  the  resultants  of  the  compressive  and  tensile 
stresses  respectively  acting  on  the  section,  do  not  satisfy  the  condi- 

tions  of  equilibrium  and  there  is  required  in  addition  the  vertical 

shear  V.      In  other  words,  each  vertical  section  must  resist  the  ex- 
ternal vertical  shear  at  that  section. 
^^°-  ^^-  636.  Horizontal  Shear. — It  is  quite  evident,  and  easUj 

demonstrated  by  experiment,  that  if  a  beam  be  made  of  boards  laid  flat  one  on  another,  anoi 
then  loaded,  it  will  assume  the  condition  shown  in  Fig.  74.  This 
demonstrates  that  a  horizontal  shear  or  force  acts  along  the  fibers 
of  a  solid  beam  at  different  depths  tending  to  cause  movement  on 
horizontal  planes.  This  longitudinal  shearing  stress  is  due  to  the 
change  of  horizontal  fiber  stresses  along  a  beam.  For  example,  if 
AC  and  BD  in  Fig.  75  are  the  "unit"  stress  diagrams  at  two  sections, 
a  unit  distance  apart,  the  cross-hatched  area  evidently  represents 

a  difference  in  stress  to  be  resisted  by  the  beam  in  horizontal  shear.  I 
is  evident  that  a  force  is  induced  at  every  longitudinal  layer  tending  t* 
slide  it  past  the  next  section  above  it;  and  this  sliding  or  shearing  forcf 
which  increases  at  every  layer,  attains  its  maximum  intensity  at  the  neutrs 
axis. 

63c.  Shear  Variation  in  Wooden  Beams. — The  intensit}'^  of  shea 
along  a  vertical  cross-section  for  a  rectangular  beam  varies  as  the  ordinate 
to  a  parabola,  as  shown  graphically  in  Fig.  69.     The  maximum  intensitj^ : 
^^  times  the  average. 

The  intensity  of  shear  at  any  point  in  a  beam  is  given  by  the  general  formula  v  =  -ry,  i 

which  Q  is  the  statical  moment  about  the  neutral  axis  of  that  portion  of  the  cross-section  lyin  _ 
either  above  or  below  (depending  upon  whether  the  point  in  question  is  above  or  below  the  nei 
tral  axis)  an  axis  drawn  through  the  point  in  question  parallel  to  the  neutral  axis.  The  deriv* 
tion  of  this  formula  is  given  in  standard  text  books  on  mechanics,  it  can  be  easity  demonstrate 
that  the  values  for  v  so  computed  will  fall  on  a  parabola  for  a  rectangular  section 

63f/.  Shear  Variation  in  Steel  Beams. — In  a  steel  I-beam  most  of  the  tensile  as 
compre.ssive  stresses  are  taken  by  the  flanges.     From  consideration  of  the  "total"  stro 


Fig.   74. 
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distribution  (Fig.  70)  and  from  use  of  the  formula  v  =  -ry,  it  will  beseen  that  there  is  very  little 

(lilTerence  between  the  intensity  of  shear  at  the  inner  edge  of  flange  and  at  the  neutral  axis. 
The  "total"  shear  diagram  is  shown  in  Fig.  70.  In  steel  beams  the  shear  is  assumed  as  uni- 
formly distributed  over  the  web.  This  assumption  greatly  simplifies  computations,  and  is 
not  seriously  in  error. 

63e.  Shear  Variation  in  Concrete  Beams. — The  variation  of  shear  in  a  concrete 
beam  is  shown  in  Fig.  76,  assuming  the  concrete  to  take  no  tension.  The  upper  half  of  the 
diagram  is  a  parabola  as  for  the  homogeneous  rectangular 
beam.  The  shear  from  the  neutral  axis  to  the  steel  is  con- 
stant since  no  tension  exists  between  these  points.     The    /y_ 

V 
maximum    intensity  of  shear  is  t;  = 


I 


Stress 
djagram 


Shear 
diagram 


-Concrt'te  beam. 


Fig.  77. 


,  ...     The  shear  dia- 

gram,    assuming  the  concrete  to  take  tension   for  a  short 

distance  below  the  neutral  axis,  is  shown  in  Fig.  77.     The  Section 

break  in  the  curve  is  at  the  top  of  the  tension  cracks  in  the  -pia.  76. 

CdHcrete. 

63/.  Relation  Between  Vertical  and  Horizontal  Shear. — At 
any  point  in  a  beam  the  intensity  of  the  horizontal  shear  is  equal  to  the 
intensity  of  the  vertical  shear.  This  may  be  seen  by  considering  an 
infinitesimal  cube  from  any  part  of  a  beam.  The  moment  of  the  vertical 
-^liears  must  equal  the  moment  of  the  horizontal  shears  for  equilibrium. 
Therefore  the  intensity  of  the  shears  must  be  equal  and  the  general  formula 
and  diagrams  previously  given  are  true  for  vertical  as  well  as  horizontal  shear. 

63gr.  Bond  in  Concrete  Beams. — Bond  in  beam  rods  is  a  special  case  of  horizontal 

^hear,  being  the  horizontal  shear  on  the  surface  of  the  rods.     As  noted  in  a  previous  paragraph 

y  .    . 

he  maximum  intensity  of  shear  in  a  concrete  beam  is  ?;   =  rr,.     This  is  the  value  from  the 

leutral  axis  to  the  steel,  and  the  total  bond  for  a  unit  of  length  must  evidently  be  equal  to  this 

.  V        . 

.'alue  multiplied  by  b.     The  unit  bond  is  therefore  -n  divided  by  the  entire  surface  of  all  the 

ods  per  unit  of  length,  or 

_  _V_ 

See  Notation  in  Appendix  A.) 

63/i.  Minimum  Bar  Spacing  in  Concrete  Beams. — Spacing  of  reinforcing  bars 
nust  evidently  be  such  that  the  concrete  on  a  horizontal  section  through  the  center  of  the  rods 
an  take,  in  shear,  the  amount  of  the  bond  on  the  lower  half  of  the  bars.  Practical  considera- 
ions  as  noted  under  "Reinforced  Concrete  Beams  and  Slabs,"  and  "Concrete  Detailing"  in 
lect.  2  call  for  a  wider  spacing  than  determined  by  theory. 

64.  Diagonal  Compression  and  Tension. — It  is  proved  in  treatises  on  mechanics  that  if  / 
represents  the  intensity  of  horizontal  fiber  stress  and  v  the  in- 
tensity of  vertical  or  horizontal  shearing  stress  at  any  point  in  a 
beam,  the  intensity  of  the  inclined  stress  will  be  given  by  the 
formula 


t={  + 


yjy^ 


p  +  «2 


-Lines  cfrnaximom  compression 

-Lines  of  maximum  tension       ^^^  the  direction  of  this  stress  by  the  formula 


Fig.  78. 


tan  2K  = 


Ihere  K  is  the  angle  of  the  stress  with  the  horizontal.     These  two  formulas  are  general  and 

jply  when  /  is  either  tension  or  compression.     The  formula  for  K  shows  that  two  values  of  iv , 

fering  by  90deg.,  will  satisfy  the  equation;  that  is,  at  any  point  maximum  compressive  stress 

id  maximum  tensile  stress  make  an  angle  of  90  deg.  with  each  other.     Fig.  78  shows  approxi- 

lately  the  directions  of  the  maximum  stresses  for  a  uniformly  loaded  beam. 
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The  following  statements  may  be  verified  by  using  the  above  formulas: 
(«)  At  the  end  of  a  simply  supported  beam  where  the  shear  is  a  maximum  and  the  bendmg 
moment  a  minimum,  the  stresses  lie  practically  at  45  deg.  to  the  horizontal  throughout  the 

entire  depth  of  beam. 

(6)  At  the  section  of  maximum  moment,  the  shear  is  zero  and  the  stresses  are  horizontal. 

The  fundamental  bending  formula— in  other  words,  the  common  theory  of  flexure— is  seen 
to  give  the  unit  fiber  stress  correctly  at  the  important  section  of  maximum  moment  and  also  tor 
the  extreme  fibers  in  other  sections,  since  at  these  points  the  shear  is  zero.  Where  the  shear  is 
not  zero,  an  inclined  stress  is  the  result  and  the  flexure  formula  gives  only  the  horizontal  compo- 
nent of  this  stress— namely,  the  fiber  stress. 

In  homogeneous  beams  of  rectangular  section,  the  diagonal  stresses  are  not  of  importance, 
but  in  steel  beams,  especially  in  the  case  of  built-up  plate  girders,  the  web  is  thin,  and  although 
of  sufficient  strength  to  resist  the  diagonal  tension  near  the  end  of  beam  (actmg  at  approximately 
45  deg.  with  the  neutral  axis)  is  often  not  stiff  enough  to  take  the  diagonal  compression  without 
buckling      For  this  reason  stiffener  angles  are  used  in  plate  girders  (see  Sect.  2,  Art.  52). 

In  concrete  beams,  on  the  other  hand,  the  material  is  amply  strong  in  compression  but  weak 
in  tension  Stirrups  are  therefore  added  to  assist  in  taking  this  tension,  and  mam  steel  is  beni 
up  near  the  supports.  From  Fig.  78  it  is  evident  that  shear  reinforcement  m  concrete  beam, 
would  be  at  various  inclinations,  from  purely  theoretical  considerations,  but  this  is  not  practical 
The  design  of  web  reinforcement  is  discussed  in  Sect.  2,  Art.  34.  It  should  be  noted  m  thif 
connection  that  part  of  the  horizontal  reinforcement  should  always  continue  through  to  the  em 
of  the  beam  in  order  to  avoid  the  occurrence  of  high  tensile  stresses  near  the  end  of  beam  wher- 
shear  is  a  maximum.     The  steel  stress  must  be  kept  low  enough  so  that  large  cracks  will  no 

develop  in  the  concrete.  .    .       r^.  ,  i..u       v,  ;^  ; 

65.  Flange  Buckling.— The  top  flange  of  a  steel  beam  is  in  effect  a  column  although  it  i 
stronger  than  a  column  standing  alone  because  of  its  connection  with  the  web.  It  is  therefor 
necessary  that  its  ratio  of  length  to  breadth  be  Umited  in  a  similar  way  to  that  of  a  column  i 
full  working  stress  is  to  be  used  in  design.  It  is  usually  specified  that  a  beam  must  be  supporte 
laterallv  at  distances  not  exceeding  20  times  the  flange  width  or  the  allowable  fiber  stress  mm 
be  reduced.  The  reduction  is  usually  specified  to  be  in  accordance  with  a  modification  of  th 
formula  for  columns.  Light  ties  or  trussing  may  be  used  to  hold  the  top  flange,  or  the  flang, 
may  be  stifTened  with  a  plate  or  a  channel.  . 

66  Deflection.— The  general  formula  for  deflection  is  derived  in  treatises  on  mechanic: 
From  the  general  formula  are  developed  the  following  formulas  for  homogeneous  beam. 

5     Wl^ 
Simple  beam  uniformly  loaded— Max.  deflection  ^^  -^  at  the  center.       . 

1   Wl^ 
Simple  beam  with  concentrated  load  in  the  center— ^^  -^y  at  the  center. 

1  Wl^ 
Cantilever  with  uniform  load— ^  -gj  at  the  end. 

1  Wl^ 
Cantilever  with  load  at  the  end— ^  -gj  at  the  end. 

All  terms  must  be  in  inches  to  give  deflection  in  inches.  tut- 

Formulas  for  other  cases  may  be  found  in  the  steel  manufacturers'  handbooks.  J.  B.  Ivoi 
mers,  in  the  Engineering  News-Record  for  Jan  2,  1919,  gives  a  very  interesting  method  for  coi 
puting  "Beam  Deflections  under  Distributed  or  Concentrated  Loadings."     ^ 

Deflection  of  supports  for  plastered  ceilings  is  commonly  limited  to  g^^th  of  the  spa 
Deflection,  or  stiffness  required,  often  limits  plank  floors.  Steel  beams  supporting  machin 
frequently  have  to  be  designed  for  deflection.  ^     f  +u 

Deflection  seldom  needs  to  be  computed  for  reinforced  concrete  beams  on  account  of  th- 
great  stiffness.  G.  A.  Maney  in  a  paper  before  the  seventeenth  annual  meeting  of  the  Americ 
Society  for  Testing  Materials  presented  the  following  formula  for  the  deflection  of  a  remtorc 
concrete  beam  of  whatever  shape: 

D  =  c  ^  (Cc  -h  e,) 
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c    =  ^  in  which 

Ci  =  the  numerical  coefficient  in  the  formula  for  deflection  of  homogeneous  beams 

D  =  Ci  ^j,  depending  on  the  loading  and  method  of  support. 
C2  =  the  numerical  coefficient  in  the  formula  for  bending  moment,  M  =  €2101"^. 

For  a  simple  beam  uniformly  loaded,  c  =  ^^g. 
For  a  simple  beam  loaded  at  center,  c     =  Ha- 
For  a  cantilever  uniformly  loaded,  c        =  i,^. 
For  a  cantilever  loaded  at  the  end,  c       =  >^. 

67.  Unsymmetrical  Bending. — The  most  common  case  of  oblique  loading  or  unsymmetrical 
snding  is  that  of  I-beam  and  channel  purlins  on  pitched  roofs    (see  chapter  on  "Design  of 
urlins  for  Sloping  Roofs"  in  Sect.  2,  also  the  last  chapter  in  this  section). 
68.  Summary  of  Formulas  for  Internal  Stresses. 

Moment: 

General  (use  for  steel) 

S 


Where  D   =  maximum  deflection  (inches). 
I   =  span  (inches). 
d  =  depth  of  beam  to  the  center  of  the  steel  (inches). 

Cc  =  unit  deformation  in  extreme  fiber  for  the  concrete  =  — 


=  unit  deformation  in  extreme  fiber  for  the  steel  =  — 
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g   and  J    =  o   (approx.) 


Shear: 


Bond: 


General 

VQ 

"=    67 


Zojd 


JMaximum 
for  wood 
3V 
2bd 


V    = 


Steel  I 


V 

"=77- 


Concrete 

V 

'  =  bTd 


(approx.)  V  = 


8F 
7bd 


42  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec.  1-69 

RESTRAINED  AND  CONTINUOUS  BEAMS 

By  Walter  W.  Clifford 

69.  General  Information. — A  restrained  beam  is  one  which  is  more  or  less  fixed  at  one  or 
both  points  of  support.  A  cantilever  beam  is  the  most  common  example  of  a  restrained  beam. 
A  continuous  beam  is  one  which  extends  over  three  or  more  supports.  At  the  interior  supports 
of  a  continuous  beam,  and  also  at  the  end  supports  if  restrained,  the  curvature  of  the  beam  ia 

concave  downward — that  is,  like  a  cantilever,  but  just  the  oppo- 
site of  a  simple  beam.  In  a  continuous  beam  of  approximately- 
equal  spans  with  uniform  load,  the  curvature  near  the  middle  of  a 
span  is  like  that  of  a  simple  beam.  The  elastic  curve  (curve  of  the 
neutral  plane)  of  a  simple  beam,  a  cantilever  beam,  a  beam  fixed* 
at  both  ends,  and  a  beam  continuous  over  four  spans,  are  shown 
in  Fig.  79  in  the  order  mentioned.  It  is  assumed  that  the  beams 
are  uniformly  loaded. 

Where  the  curvature  of  the  beam  axis  is  concave  downward, 
it  is  evident  that  the  material  in  the  lower  part  of  the  beam  is  com- 
pressed and  that  in  the  upper  part  is  stretched,  or  in  tension.     This 
is  opposite  to  the  condition  in  a  simple  beam,  but  like  that  ofi 
the  cantilever.     The  bending  moment  in  a  simple  beam  is  com- 
monly called  positive  moment.     The  bending  moment  in  a  cantilever  is  of  the  opposite  sign  and 
is  called  negative  mo7nent.     The  continuous  beam  has  negative  moment  at  the  interior  sup- 
ports and  usually  positive  moment  at  the  center  of  span. 

Fig.  SO  shows  graphically  the  moment  variation  and  the  deflection  curve  for  a  beam  con- 
tinuous over  two  spans  and  uniformly  loaded.     There  are  two  points  in 
the  beam  where  the  nwment  is  zero  for  this  loading.     These  points  are 
called  inflection  points  and  are  indicated  by  small  circles.     Inflection   "  | 

points  are  also  indicated  by  small  circles  in  Fig.  79(d). 

Since  there  is  no  moment  at  an  inflection  point,  it  is  evident  that  a 
hinge  might  be  placed  at  this  point  without  changing  the  stresses  any- 
where. This  is  equivalent  to  saying  that  the  part  of  a  continuous  beam 
from  an  interior  support  to  an  inflection  point  is  in  effect  a  cantilever; 
and  the  part  of  a  span  between  inflection  points  acts  as  a  simple  beam. 

Practically  a  hinge  at  each  inflection  point  would  throw  excessive  bending  into  the  support' 
ing  piers  or  columns,  in  the  case  of  unsymmetrical   loading.     But  if  we  put  hinges  at  thifl^ 
inflection  points  of  alternate  bays,  we  have  the  variation  of  the  continuous  beam  principli 
used  for  cantilever  bridges  (see  Fig.  81).     This  form  of  construction  is  also  used  for  girders jlj 
both  concrete  and  steel. ^ 

Considering  the  two-span  beam  in  Fig.  80  as  acantilevt 

I r"      '~i r*      't 1      at  the  center  support  with  suspended  spans  on  each  side,  it 

evident  that  the  reactions  and  shears  are  not  the  same  as  fc 
Fig.  81.  simple  beams.    One-half  the  load  on  each  suspended  span  go« 

to  the  end  support  adjoining  and  is  equal  in  amount  to  th 
reaction  at  that  support.  The  other  half  is  the  shear  at  the  inflection  point.  The  shear  i 
the  center  support  is  the  shear  at  the  inflection  point  plus  the  loads  between  this  point  an 
the  support.  The  shear  at  the  center  support  is  evidently  greater  than  at  the  end  support 
In  the  particular  case  shown  in  Fig.  80,  the  inflection  point  is  }^l  from  the  center.  Tl 
shears  are  therefore  %  wl  and  %  wl  at  the  end  and  center  supports  respectively,  instead  of  bot 
being  3^  ti)  as  in  the  case  of  simple  beams.  Methods  for  computing  shear  in  continuous  bean 
are  given  in  Art.  71. 

70.  Assumption  Made  in  Design  of  Continuous  Beams. — The  moment  of  inertia,  7, 
usually  assumed  to  be  constant  in  value  for  the  full  le4igth  of  the  beam  and  the  supports  ai 
assumed  to  be  on  the  same  level.     Although  the  assumption  with  regard  to  1  is  not  in  error  ft 

1  See  article  on  Portland  bridge,  Eng.  Rec,  Mar.  4,  1916,  p.  319. 
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I  wooden  or  steel  beam,  considerable  variation  in  the  value  of  /  may  occur  in  a  concrete  beam. 
<'or  example,  the  moment  of  inertia  is  usually  larger  at  the  center  of  span  for  reinforced  concrete 
P-Vieams,  the  ratio  of  /  at  center  to  /  at  support  varying  from  1  to  1.50  in  typical  cases  of  design, 
vhich  causes  about  10%  variation  in  moment.  This  variation  in  the  value  of  I  increases 
ho  positive  moment  and  decreases  the  negative  moment  from  the  values  as  computed,  assuming 
constant  throughout.  • 

With  a  rigid  beam,  as  one  of  metal  or  wood,  and  with  rigid  supports,  very  precise  work  is 
eciuiied  for  each  support  to  bear  evenly  on  the  undeflected  beam.  In  a  beam  continuous  over 
wo  equal  spans,  with  uniform  load,  the  center  support  carries  %  of  the  load  and  the  negative 

loment  is  — .     If  the  center  support  should  be  lowered  by  an  amount  equal  to  the  deflection 

f  a  beam  with  a  span  of  21,  the  center  support  would  take  none  of  the  load.     The  posi  tive  moment 

t  that  point  would  then  be  four  times  as  great  as  the  negative  moment  of  -^.      The  end  reac- 

o 

ons  would  be  increased  167%.  For  a  steel  beam  with  two  10-ft.  spans,  this  lowering  of  the  center 
ip])ort  would  need  to  be  only  3'^  in.  in  order  to  produce  the  above  change  in  moments  and  re- 
ctions.  From  this  illustration  it  should  be  clear  that  a  slight  change  in  elevation  of  a 
ipport  of  a  continuous  steel  beam  may  cause  a  great  change  in  the  moments  and  shears  as 
rdinarily  computed. 

With  a  concrete  beam,  the  supports  are  automatically  leveled  when  the  concrete  is  poured — 
lat  is,  so  far  as  the  beam  itself  is  concerned.  The  only  possible  difference  in  elevation  must 
)me  from  unequal  settlement  of  supports  or  deflection  of  members  in  the  finished  structure. 
1  the  case  of  well-designed  columns  and  footings  unequal  settlement  will  be  negligible.  On  the 
her  hand,  in  the  case  of  girders  supporting  continuous  cross  beams,  the  girders  will  deflect. 
r^hen  this  occurs,  the  negative  moments  in  the  cross  beams  will  be  reduced,  but  the  positive 
loment  will  be  greater  than  the  moment  determined  for  supports  on  a  level.  Allowance  is 
ade  for  this  in  all  concrete  design  specifications. 

71.  The    Three -moment  Equation. — The    usual    basis  of    con-  w,p»rff 

luious-beam  design  is  the  three-moment  equation  derived  from  the      ^"''^ 


ieam  design  is  the  three-moment  equation  derived  from  the  .  ^p«'^f>  r-^'^'     i 

luation  of  the  elastic  curve.     The  mathematical  derivation  of  this  ]« — < — ^<—4     4<  -<s — *' 

irmula  is  found  in  standard  text  books  on  mechanics.     The  result  ^ 

an  equation  for  the  moments  at  three  adjacent  supports  in  terms  ^i«-  §2. 

the  spans  and  loads.     If  the  ends  are  free,  the  equations  of  the  p                 f> 

ipports  taken  successively  in  groups  of  three  are  sufficient  to  solve  ^it,  k-          Wiif^ 

r  all  the  moments  at  the  supports.     If  the  ends  are  fixed,  an  extra  \^      (     ~i\      }^  ~~^ 


)an  with  a  length  of  zero  is  assumed  at  each  end  of  the  beam  to     M,  Mz  Mj 

vc  the  two  needed  extra  equations.     The  common  forms  of  the  p 

luations  are  as  follows: 

For  uniform  loads  (see  Fig.  82) 

M,h  +  2M,(li  +  h)  +  M,h  =  -  Hiwih'  +  w^m  (a) 

„  P'or  concentrated  loads  (see  Fig.  83) 

f    M       I  I  M,h  +  2ilf  2  (^1  +  ^2)  +  Mzh  =  -  2  Pili'iki  -  k,') 


^ -  S  PihH^ki  -  Sk2^+  ko^)  (b) 

I  I  I  T^  Both  of  these  equations  assume  level  supports  and  constant  7. 

?  J  (a)  4  5  Having    found   the  moments   at   the   supports,  the   shears   are 

found  by  considering  each  span  of  the  beam  (such  as  2-3,  Fig.  84a; 
L_ ^^  J  after  cutting  it  out  close  to  the  supports  (as  shown  by  the  planes  m- 

M,{  ^ 51^  ^^^  ^^^'  ^ss'^'^i'^S  the  same  shear  and  moment  to  act  at  each  end  of 

\£ k/^      the  cut  portion   as   in  its  original   position    (Fig.   846).      By  taking 

y^      /a  1       ^  moments  first  about  one  end  and  then  about  the  other,  the  values  of 

'  ^  the  shears  may  be  determined.     The  moments  acting  at  the  ends  must 

^^'  be  included  in  the  moment  equations. 

The  reaction  at  a  support  is  the  sum  of  the  shears  on  each  side  of  the  support.     Inflection 

lints  are  at  points  of  zero  moment.     Maximum  positive  moments  are  at  points  of  zero  shear. 
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The  following  typical  example  indicates  the  method  of  applying  the  three-moment  equa 
tion  to  an  actual  problem. 

Illustrative  Problem. — ^Determine  the  shears,  reactions,  and  moments  at  the  supports  for  the  beam  of  Fig.  8; 
loaded  as  shown. 

Using  general  Formula  (o)  and  noting  that  Mi  =  0,  we  have 
/aoOO/bper/7!!^-'^'^^''/''  'ZOOOIb Perft  UMi  +  lOMs  =  -  4,320,00«  -  4,000,000  =  -  8,320,000  ft.-lb.    (] 

I For  the  next  two  spans 

jk /2' ^  |_/^' ^  4 /6 ' — I^  ^         IOM2  +  52M3  =  -  4,000,000  -  12,288,000  =  -  16,288,000  ft.-lb.    (J 

fU  ^iLmn       ^imii  lit!     Solving  (1)  and  (2)  for  Mi  and  M3 

^1  ^2  ^3  ^4  Mi  =  -  123,000  ft.-lb. 

FiG_   85.  M3  =  -  290,000  ft.-lb. 

For  shear  in  span  1-2,  consider  tliis  span  cut  out  of  the  beam  and  take  moments  about  2.     Consider  clockwi( 

moments  plus. 

+  12  Vi  -  (10,000)  (12)  (6)  -  M2  =  0 

^  720,000  -  123.000   ^ 

'1  1  O  * 


12 


Taking  moments  about  1, 


^^^^720,000  +  123.000  ^  ^^  ^^q  ^^ 


Vi  +  V^L  =  120,000  =   (12)  (10,000)  check. 
Shear  in  span  2-3.     Taking  moments  about  2 

-  Mi  +  (16,000) (10) (5)  -  IOV3L  +  M3  =  0 

V3L  =  96,600  lb. 
Taking  moments  about  3 

-  Ml  -  (16,000) (50)  +  10F2fl  +  Mz  =  0 

ViR  =  63,400  lb. 
ViL  +  ViR  =  160,000  =  (10)  (16,000)  check. 
Shear  in  span  3-4.     Similarly 

TaK  =  114,000  lb. 
1'4      =     77,500  lb. 
The  reactions  will  be  as  follows: 

Rt    =  Vi  =     50.000  lb. 

R2  =  ViL  +  ViR  =  133,000  lb. 
Rz  =  VzL  +  ViR  =  211,000  lb. 
Ri     =  Vi  =    78.000  lb. 

472,000  lb.  =  sum  of  loads  (check). 

For  span  1-2,  zero  shear  and  maximum  moment  is  '[^  qqq  =  5.0  from  left  support,  and  M  at  this  point  is 

(50,000)(5)  -  (10,000)^   =   +  125.000  ft.-lb. 

For  span  2-3,  zero  shear  is  f^'^°"  =  3.96  ft.  from  2,  and  M  at  this  point  is 
16,000 

-  123,000  -1-  (3.96)  (63,400)  -^5:^(16,000)  =  2,600  ft.-lb. 

For  span  3-4,  the  ma.ximum  positive  moment  is  253,000  ft.-lb.  and  occurs  at  a  point  6.5  ft.  from  the  right  supp 
Inflection  points  occur  as  follows: 

10,00022 


m  1-2.  Mx  =  0  -  Vix  - 

50,000 


2 


^  „  =10  ft.  from  left  end. 

5,000 

Span  2-3.  ilf x  =  0  =   -  123,000  -  ^(16,000)  -f-  03,600i 

xi  -  7.92a;  =   -  15.38,  or  a;  =  3.96  ±  0.55 
Inflection  points  occur  at  3.41  ft.  and  4.51  ft.  from  2. 
Span  3-4.     Inflection  point  is  13.0  ft.  from  4. 
The    portions    of   the   beams    having  positive  moment   may  be  considered  simple  beams  as  a  check  on 
moment. 

Span  1-2.  M  =  (iMOO^^MiM  =  125.000  ft.-lb. 

■    Span  3-4.  M  =  ^^^"""^^^^^^^^^  =  253,000  ft.-lb. 

Span  2-3.  K  =  ^iMOOK^lOKiaO)  ^  ,  ^^,,^  ^^  .,, 

In  the  span  2-3,  the  inexact  check  is  due  to  lack  of  precision  of  the  slide  rule  in  the  previous  computeti 
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i. — Shear  and  moment  curves  for 
beam  shown  in  Fig.  85. 


The  checks  given  in  the  example  are  checks  on  certain  portions  of  tlie  mathematics  only  and  a  problem  may 
^  rairied  through  incorrectly  and  all  these  checks  used. 

The  shears  and  moments  as  computed  above  are  shown  in  Fig.  86. 

The  foregoing  e.xample  is  typical,  but  computations  are  often  long  and  laborious.  Consequently,  the  oppor- 
nity  for  mathematical  error  is  great  and  an  error  once  made  follows  through  succeeding  calculations.  Signs  are 
e  most  common  source  of  error.  To  avoid  this  as  far  as  possible, 
e  sum  of  the  moments  should  be  equated  to  zero  instead  of  placing 
isitive  moments  on  one  side  of  the  equality  sign  and  negative 
(iini'nts  on  the  other  side.  Great  care  must  be  used  in  determin- 
g  the  sign  of  the  various  functions.  It  is  well  to  call  clockwise  mo- 
unts plus  and  counterclockwise  moments  minus. 

Data  on  a  great  variety  of  continuous  beams  are 
ven  in  Hool's  "Reinforced  Concrete  Construction," 
ol.  I,  and  in  "Concrete  Engineers'  Handbook"  by  Hool 
id  Johnson. 

72.  Continuous  Beam  Practice. 

72a.  Steel,  Wood,  and  Cast  Iron.— Steel 
jams  are  practically  never  designed  as  continuous  in 
lilding  construction  on  account  of  variation  in  the 
sight  of  supports.  They  are  ordinarily  fixed  to  columns 
r  riveted  connections,  but  the  columns  are,  however, 
ten  of  little  greater  moment  of  inertia  than  the  beams, 
ae  actual  fixity  of  the  beams,  therefore,  depends  upon 
e  stiffness  of  the  column  and  adjacent  beams.  Except 
lere  wind  loads  are  to  be  considered  (see  Chapter  on 
mnd  Bracing  of  Buildings,"  Sect.  3),  steel  beams  are  usually  assumed  to  have  free  ends, 
uch  is  on  the  safe  side  as  far  as  the  beams  are  concerned. 

Wooden  beams  are  seldom  continuous  and  in  building  construction  usually  have  free  ends, 
ist-iron  members  or  parts  are  often  continuous  and  are  sometimes  fixed  at  the  ends.  Suitable 
iuctions  in  moment  factors  should  therefore  be  made. 

It  should  be  noted  that  beams  of  two  spans  have  the  same  maximum  moment,  whether 
ntinuous  or  simple.  If  beams  are  of  constant  section,  there  is,  therefore,  no  difference  in 
tion  required.  If  shear  or  center  reaction  is  the  criterion,  however,  the  excess  of  25%  in 
ear  at  the  center  support  in  the  case  of  the  continuous  beam  should  be  considered. 

72b.  Concrete. — ^The  principal  use  of  continuous-beam  design  in  buildings  is  in 
icrete  construction.     Where  spans  are  equal  or  very  nearly  so,  the  moments  recommended  by 
Joint  Committeei  are  commonly  used.     These  specify  double  the  strength  theoretically 
juired  for  positive  moment  in  order  to  allow  for  deflection  of  supports. 

Simply-supported  ends  are  not  common  in  concrete  construction.  They  may  occur  when  a 
icrete  member  is  supported  on  steel  or  brick.  Where  concrete  supports  are  used,  there  is 
rays  some  degree  of  fixity,  but  seldom  are  the  ends  entirely  fixed.  Beams  framing  into  heavy 
lower-story  columns  may  to  all  practical  purposes  be  considered  as  fixed. 
In  other  cases  there  is  partial  restraint  at  end  supports,  and  part  of  the 
moment  of  eccentric  loadings  is  taken  by  the  columns  at  intermediate 
supports.  This  matter  is  well  discussed  by  Edward  Smulski  in  an  article 
on  "Design  of  Wall  Columns  and  End  Beams"  in  Journal  American 
Concrete  Institute  for  -July,  1915. 

In  practical  construction,  supports  have  considerable  width.     Thus 

moment  curves  over  supports  will  actually  be  somewhat  as  shown  in  Fig. 

87(6).     This  will  tend  to  reduce  the  maximum  negative  moment.    In  the 

theoretical  case,    the  maximum   occurs    at   one  point  only   (Fig.   87a). 

Joint  Committee  allows  higher  unit  stress  in  the  concrete  at  a  support  because  the  actual 

ative  moment  is  lower  than  that  figured  and  occurs  only  for  a  short  length  of  beam,  and 

)  because  the  section  is  enlarged  due  to  the  column. ^ 

pi)li|  I  See  Sect.  2,  Art.  38.  2  g^g  gg^^   2,  Art.  40/,  and  Appetidix  J. 


Fig.  87. 


27 


46  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec.  1-7 

72c.  Concentrated  Loads. — Uniform  load  is  the  common  assumption  in  buildi 
design.  For  ordinary  concentrated  loads,  it  is  common  practice,  and  sufficiently  accurate, 
compute  the  maximum  moment  by  considering  the  beam  or  girder  simply  supported,  and  th 
reducing  this  maximum  moment  by  the  same  ratio  used  in  the  uniform  loading.  For  examp 
suppose  the  maximum  moment  due  to  given  concentrated  loads  is  M,  considering  the  bet 
simply  supported,  then  if  K2  wl^  would  be  used  in  uniform  loading  instead  of  ^i  wV-  required  : 
the  simply  supported  beams,   Vi-z   of  M,  or  %  M,  may  be  used  for  the  concentrated  loads. 

72d.  Shear  and  Momi 

I 2  Considerations. — In    the    case 

ofj"        £l^        il£  unimportant    members    or    th 

which  occur  only  once,  it  is  of 

cheaper  to  design  even  for  -^ 

both  center  and  support  than 

_? ,; — T — - — i  CO     to     elaborate     computatic 

7T7s       /sVs        is\i7         i\o  _  \  e     .         t 

'28~      Is"      ■  ^g  ~       za  Moment  and  shear  factors  for  < 

^  g  spans  or  unusual  loads  should 

Yfc, — IsXlg      /gt/g       ^oti-j     ~is\o  be  assumed  by  any  but  experien 

38  38  36  38  38  38  engineers. 

I  2        ^ 4  5  6  Shears  and  moments  in  c 

qXJJ     e3\ss      ^gXsi      S3\s3     si  t<tg     ss\63      41  \o  tinuous  beams  with  supported  ei 

—J^       /04  104  /04  J04  104  w4  uniform  load  ou  all  spans,  and  X 

1 2  ^      .      •^      1      ^ — I — ^ — % — ^ — \n  spans  all  equal,  are  shown  in  I 

o\5e_     8j\^     67^     72^    Zdz^    70^   21^    i^  j^gA    and  885  respectively. 

Fio'^SSA -Shears    ircontinuL    beams;    supported    ends;    unifor.n    beam    Continuous    OVer    tWO    S] 
loads  on  all  spans;  spans  all  equal.      Coefficients  of  {.wl).  is  like  two  beams,    each   With 

end  fixed  and  one  end  suppoi 
The  beam    fLxed  at  both  enc 
like  the  center-span  portion 
continuous  beam  of  a  large  r 
ber  of  spans. 

The  moment  curves  of  a  ] 
beam  and  a  simple  beam  for 
form  loading  are  the  same  but 
the  axis  of  zero  moments  sh 
(see  Fig.  89)— that  is,  the  aritl 
tical  sum  of  the  center  moment 

the  end  moment  equals-^-- 

Fig.    90    shows  momenta 
center  concentrated  loads  on 
;^>--^^-;/gg  — --■°J^^~^'^'^^'°^^~~~-'°r^~^'''T  ^^'^         equal  spans.     Fig.  91^  gives  si 
^^  and  moments  for  a  uniform  lo 

KiG.   88B.— Moments  in  continuous  beams;  supported  ends;  uniform  „„„f;„„,^,..,    =,-.ar.c     r>n^ 

load  on  all  spans;  spans  all  equal.      Coefficients  of  M^').  twO    continuous    spanS,    one 

the  other. 

For  important  members,  especially  those  which  are  typical  and  repeat  many  times, 
putations  should  be  made,  similar  to  the  example  given  in  Art.  71. 

In  concrete  construction  the  dead  load  is  usually  a  larger  proportion  of  the  total  load  th 
true  in  other  types  of  construction.  This  dead  load  is  fixed  and  generally  uniform.  In 
putations,  therefore,  it  is  necessary  to  compute  moments  for  the  entire  uniform  dead  loac 
then  compute  moments  for  live  load  with  such  spans  loaded  as  will  give  maxmium  momer 

1  From  paper  by  Frank  S.  Bailey  on  "Continuous  Beams  of  Unequal  Spans"  in  Jour.  Boston  Soc.  C.  E.. 
1917. 
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arious  points.     The  live  and  dead  moments  must  then  be  so  combined  as  to  give  maximum 
alues. 


s/mp/e  beff/r?  un//brm/y  heK^ett-' 
Fig.  89. 

ur  /b.per  ft 


Fig.  90. — Moments  for  concentrated  loads  on 
two  equal  spans. 


^— « + 


-e€,- 


I 


otr/b.per  ff. 


-< 4* 


-e^,- 


'■44<^. 


m 


Homer&5 

Fig.   91.— Shears  and  moments  for  a  uniform  load  on  two  continuous  spans,  one  twice  the  other. 

The  following  functions  were  computed  for  a  three-span  beam,  the  center  span  being  twice 
j  e  side  spans  and  a  live  load  of  ^  lb.  per  ft.  (I  ig.  92) : 


>ading 


11..  .. 
Qter 
pan  . 
th 

nds.. 
B  end 
xi- 
aum. 


0.11  wl 
-0.125wZ 


0.235i/)Z 
Q.221w\ 

I  +0.345j(.A 
\  -0.015wlJ 


VlL 


0.89  wl 
0.625wl 


0.26oid 
0.289wl 


1  .78  zvl 


0.39  wl 
0 .  125ivl 


0.265wl 
-0.273wl 


0.78  wl 


V2R 


71/2 


Positive  Ml. 


Location        ,,  , 
of  X  VaU 


M2-1 
at  center 


0..50   ivl 
0.50  ivl 


0.00  ivl 
0.016wl 


-0.14   wl-^ 
-0.125wl^ 


-O.OlGwl^ 
-0.023wr- 


-0.28  wl'- 


0.22 


0.469Z 
0A5GI 


0.012!rf2 


0.055«'Z2 
0.052(rf2 


0. 067  wl"- 


0.11   wl^ 
0.125wl^ 


-O.OlGwl^ 
-0.0142^2 


0.235iH2 


Itk  5-half  of  the  beam  only  is  shown.  It  will  be  noted  that  Ri  and  Mi_.,  are  maximum  with  live 
i  on  two  end  spans.  R^,  V^l,  V2R  and  Mo  are  maximum  with  full  load  and  M^-z  with 
'  load  on  the  center  span  only.  Some  parts  of  the  beam  may  have  either  positive  or  nega- 
!  moment. 

Computations  may  be  made  directly  for  various  combinations  of  dead  and  live  loads  as 
done  for  a  large  school  building.  Loadings  as  indicated  in  Fig.  93  only  were  considered, 
resulting  maximum  moments  were: 
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!j\/,_o    =       0  .OSMwl-       Live  load  on  two  end  spans 
M2       =  -0.0822ur-       Live  load  on  one  end  span 
il/2-3    =   —0.0G02wl'       Live  load  on  two  end  spans 

(No  positive  moment  in  center  span) 
[  Mi-2    =       0  .0894iH2 
Dead  load  ^6  total  Mj       =-0.0822irf2       Loadings  as  above 

[  M2-S    =   -0.057iW2 

Max.  Ri  =  Ri  =  0  A2irl Live  load  on  end  spans 

Max.   R2  =  R3  =  0.83wl Full  load 

Max.  ViL        =  0  .  bSu'l Live  load  on  end  spans 

Max.  V2R        =  0.25wl Live  load  on  center  span 

The  case  of  live  load  on  centrr  and  one  end  span  is  not  considered  in  these  examples. 
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L  ,k  ,'j   loV     f --live  bad  per  ff 
\.-e  ■LZi_Ji^     ^-dead  load  per  ff 


^            -. 

.  -^  t.     / 

Fig.  93. 


Fig.  92. 
From  the  foregoing  it  is  evident  that  a  relatively  si 
span  between  long  spans  may  have  negative  more 
throughout.  In  the  case  of  a  very  short  intermed 
span,  a  practical  method  of  design  is  to  neglect  it  as  a  bi 
and  treat  it  as  a  broad  support  for  the  adjacent  beams. 

72e.  Shoring. — From  a  consideration  of 
moment  curve  for  two  spans  (Fig.  80)  it  is  evident  ( 
indiscriminate  shoring  of  beams  in  the  center  may  do  n 
harm  than  good.  Consider  a  span  having  a  uniform  ] 
and  introduce  a  support  in  the  center  at  the  same  eleva 
as  the  original  supports.  The  moment  over  this  sup) 
is  one  quarter  of  what  it  was  before,  but  of  opposite  £ 
In  the  case  of  a  concrete  beam  or  of  a  truss  the  result 
often  be  failure.  The  shear  which  was  zero  at  the  ce 
becomes  ^{eth  of  the  whole  load,  which  may  also 
dangerous. 
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73,  Deflection. — Continuous  and  fixed  beams  have  less  moment  under  similar  conditions 
han  simple  beams  and  the  deflection  is  therefore  less.  Some  moments  and  shears  as  well  as 
eflections  are  here  repeated  for  comparison : 


Simple  beam;  uniform  load 

limple  beam;  concentrated  load 

Cantilever;  uniform  load 

!!antilever;  load  at  end 

Jeam  fixed  one  end,  supported  at  other;  uniform  load  .  . 

team  fixed  one  end,  supported  at  other;   concentrated 
load  at  center 


Maximum 
positive 
moment 


Maximum 
negative 
moment 


Distance 
from  support 
to  inflection 
point 


Maximum 
deflection 


>eam  fixed  at  both  ends;  uniform  load 

eam  fixed  at  both  ends;  concentrated  load  at  center. 


128 


32 

wl- 
24 
Wl 


Wl 


3 
16 

12 
Wl 


Wl 


11 

0.211Z 


5u.?« 

384  £/ 

WV 

48EI 

wl* 

8EI 

W13 

3EI 

wl* 
EI 


0.0054 


0.0093 


Wl3 
EI 


wl* 
381EI 

Wl> 
192EI 


74.  Internal  Stresses. — The  formulas  for  internal  moment  and  shear  developed  in  the 
lapter  on  "Simple  and  Cantilever  Beams"  apply  to  continuous  and  restrained  beams.  In 
irts  subjected  to  negative  moment,  compression  will  be  at  the  bottom  and  tension  at  the  top 
i  in  a  cantilever.  In  the  rest  of  the  beam,  stresses  will  be  as  in  simple  beams.  The  magnitude 
id  direction  of  shear  and  diagonal  tension  is  the  same  in  relation  to  the  external  moment  and 
lear  in  continuous  and  restrained  beams  as  it  is  in  simple  beams. 

GENERAL  METHODS  OF  COMPUTING  STRESSES  IN  TRUSSES 
By  George  A.  Hool 

75.  Two  Methods  Used. — The  stresses  in  the  members  of  a  truss  may  be  computed  either 
f  a  "method  of  sections"  or  by  a  "method  of  joints."  It  is  often  convenient  to  compute 
le  stresses  in  some  of  the  members  of  a  truss 

f  one  method  and  the  stresses  in  the  remaining 
embers  by  the  other  method. 

In  either  method  the  necessary  procedure, 

order  to  determine  stresses  for  a  given  load- 
g,  is  to  separate  the  given  truss  into  two  parts 

an  imaginary  section,  either  plane  or  curved; 
e  part  of  the  truss  to  one  side  of  the  section 
removed  (that  is,  considered  so)  together  with 

external  forces,  and  the  members  that  are 
t  by  the  section  are  replaced  by  the  stresses 
ting  in  those  members.  By  so  doing,  the 
ri  of  the  truss  considered  will  be  in  equilibrium 
e  to  the  outer  forces  acting  on  that  portion 

the   truss  and  the  stresses  in  the  members 
t.     If  the  section  is  taken  completely  across  the  truss,  as  XX'  or  YY',  Fig.  94(a),  so  that 
ale  members   cut   do  not  all  intersect  in  one  point,  then  the  method  used  is  the  method  of 
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sections.     If  the  section  is  so  taken  that  the  members  do  all  intersect  in  one  point,  as  ZZ' 
Fig.  94(a),  then  the  method  used  is  the  method  of  joints. 

76.  Algebraic  Treatment. — The  algebraic  treatment  of  the  method  of  sections  will  be  ex 
plained  with  reference  to  the  truss  shown  in  Fig.  94(a)  which  is  subjected  to  moving  loads  trans 
mitted  to  the  lower  panel  points.  Assume  that  the  maximum  stresses  in  members  (1),  (2)  an. 
(3)  of  the  truss  are  required,  these  members  being  cut  by  the  section  XX'.  Consider  the  portio: 
of  the  truss  shown  in  Fig.  94(5).  For  a  definite  loading  the  forces  are  all  in  equilibrium  as  es 
plained  above  and,  since  only  three  members  are  cut,  any  or  all  of  the  three  equations  of  equ: 
librium  can  be  used;  namely,  2//  =  0,  S7  =  0,  and  SM  =  0  (see  Art.  435).  First  use  th 
equation  2il/  =0.  This  equation  is  true  about  any  point  in  the  plane  of  the  truss  but,  i  / 
order  to  get  the  stress  in  a  given  member  directly,  it  is  necessary  to  take  the  center  of  momeni 
at  the  intersection  of  the  other  two  members.  For  example,  the  stress  in  Fi  for  a  given  loadin 
can  be  found  by  taking  moments  about  the  point  Ui.  It  should  be  noticed  that  Ui  is  vertical! 
above  Li  and,  since  the  loads  are  all  vertical,  the  moments  at  Ui  and  Li  are  equal.  The  max 
mum  stress  in  Fz,  then,  occurs  with  the  loading  which  gives  maximum  moment  at  the  first  pan' 
point  from  the  left  support  (see  chapter  on  "Shears  and  Moments").  Call  this  maximui 
moment  Mi.  The  moment  of  Fz  (when  Fz  is  a  maximum)  about  the  point  f/i  must  be  equal  an 
opposite  to  Ml  in  order  that  SM  may  equal  zero.     Thus 

(max.  Yz){h)  =  Mi 
or  max.  t  z  =  —r- 

In  the  same  manner,  calling  M^  the  maximum  moment  at  the  second  panel  point, 

max.  1 1  =  -^- 
h 

It  should  be  observed  (using  SiW  =  0)  that  the  stress  in  the  upper  chord  acts  toward  f. 
section,  thus  denoting  compression,  while  the  stress  in  the  lower  chord  acts  away  from  t 
section,  thus  denoting  tension;  that  is,  Fi  =  compression  and  Fz  =  tension.  This  is  true 
all  the  upper  and  lower  chords  throughout  the  truss. 

The  maximum  stress  F2  remains  to  be  found.  This  may  be  accomplished  by  using  t 
equation  SF  =  0.  The  vertical  component  of  the  maximum  stress  in  F2  is  equal  to  the  ma 
mum  positive  shear  in  the  second  panel  from  the  left  support      Call  this  component  V2.     Th 

p         T/  U1L2 
max.  r  2  =   V  2 — ; — 

h 

In  using  the  equation  2  F  =0,  observe  that  the  stress  acts  away  from  the  section,  thus  denoti 
tension. 

Let  the  maximum  stress  be  required  in  members  (1),  (4),  and  (5),  Fig.  94(a).  Take  t 
section  YY'.  Using  ZH  =  0,  and  knowing  that  the  loads  are  all  vertical,  the  stress  in  meml  j 
(1)  is  seen  to  be  equal  and  opposite  to  the  stress  in  member  (5).  This  applies  for  any  loadh 
hence  the  loading  giving  maximum  stress  in  member  (1)  will  also  give  a  maximum  stress 
member  (5)  of  the  same  amount;  that  is,  the  loading  giving  the  maximum  moment  at  the  seco 
panel  point  from  the  left  support  will  cause  maximum  stress  in  both  members  (1)   and  ( 

The  maximum  stress  (compression)  in  member  (1)  is,  as  before,  j^-  using  SJl/  =0.     T 

same  amount  of  tension,  then,  occurs  in  member  (5).     The  maximum  stress  in  member 
is  directly  the  maximum  positive  shear  in  the  third  panel  from  the  left  support,  using  the  eqi 
tion  SF  =  0.     Stress  in  member  (4)  is  compression. 

In  the  method  of  sections,  the  section  should  always  be  taken  so  as  to  cut  only  thi 
members  whose  stresses  are  unknown.  If  more  than  three  members  are  cut,  there  are  m( 
unknown  quantities  than  can  be  found  by  the  principles  of  statics. 

The  method  of  joints  is  only  a  name  given  to  the  manner  of  determining  stresses  from  1 
conditions  of  equilibrium  of  concurrent  forces.  The  manner  of  using  the  algebraic  conditio: 
namely,  XH  -=  0  and  SF  =  0,  is  explained  in  an  illustrative  problem  on  p.  10,  the  stres 
being  determined  in  the  members  of  a  crane  truss.     It  should  be  clear  that  this  method  can 
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pplied  to  a  joint  only  when  there  are  two  unknown  stresses.     In  solving  a  truss  by  this  method, 
is  evident  that  a  joint  must  be  selected  where  but  two  members  meet  and  then  proceed  from 
tiis  to  other  joints. 

In  the  algebraic  method  of  joints,  if  a  maximum  stress  is  desired  in  a  certain  member  of  a 
■US8,  all  the  joints  from  one  end  of  the  truss  up  to  the  member  considered  must  be  computed 
)r  the  loading  giving  maximum  stress  in  that  member  only.  For  this  reason  the  algebraic 
let hod,  although  perfectly  general,  is  too  laborious  to  be  employed  in  practice  in  determining 
ic  maximum  stresses  in  all  the  members  of  an  ordinary  truss.  It  may  be  used  with  great 
1  vantage,  however,  for  certain  specific  members,  and  should  be  understood.  A  graphical 
icthod  based  upon  the  same  principles  is  well  adapted  for  many  types  of  trusses,  particularly 
)of  trusses  with  non-parallel  chords.  In  roof  trusses,  the  conditions  for  probable  maximum 
less  in  the  given  members  are  few,  and  usually  all  the  stresses  may  be  computed  graphically 
r  each  loading  in  much  shorter  time  than  it  would  take  to  compute  the  stresses  throughout 
le  truss  algebraically  for  any  one  condition  of  loading. 

(rt)  Required  the  stresses  in  all  members  alge- 


Illustrative  Problem.— Roof  truss  of  Fig.  95(a) ;  loads  as  shown. 
'ally  by  the  method  of  sections.      (6)  By  the  method  of  joints. 


(a)  Method  of  Sections 

To  find  the  stresses  in  members  Lo  U,  and  LoZ-i,  pass  a  section  a-b  cutting  these  members.  Consider  the  truss 
the  left  of  the  section.  Fig.  95(6)  shows  the  joint  at  U  removed  and  the  known  loads  applied,  together  with  the 
knowns  ,Si  and  .%  assumed  to  act  as  shown.  Consider  upward  forces  and  forces  to  the  right  as  positive;  down- 
.rd  forces  and  forces  to  the  left  as  negative.  The  two  equations,  SF  =  0  and  2//  =  0,  may  be  employed  to  find 
'  two  stresses  Si  and  S2. 

2  7  =  0.     4000  -   1000  -  ,Si  sin  9  =  0 

Si  =  (3000)  (^    ^Q    j   =  6710  lb.  (compression,  as  assumed,  since  result  is  positive). 
2i/  =  0.     S2  -  Si  cos  0  =  0 

<S2  =  (6710)  (^22  367   ""  ^000  '^-  (tension,  as  assumed,  since  result  is  positive). 
To  find  the  stresses  in  members  UiU,,  UiL,,  andi.Zj,  pass  a  section  c-d  cutting  these  members  and  consider 
portion  of  the  structure  to  the  left  (Fig.  95c).     The  three  equations  of  equilibrium  may  be  used  to  determine 
'.  three  unknown  stresses,  but  the  solution  may  be  simplified  by  employing  only  2M  =  0  three  times      This  equa- 
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should  be  applied  at  the  intersection  of  two  members  to  find  the  stress  in  the  third.      Thus    to  determine  the 
itive  '"O'nents  about  U,  the  intersection  of  UiU  and  LiU.     Then,  considering  clockwise  moments  as 

4000(20)  -  1000(20)  -  2000(10)  -  Si{a)  =  0 
_  '53  =  4470  lb.  (compression) 

!  stress  in  S«  may  be  obtained  by  taking  moments  about  Lo,  the  intersection  of  Ui  U2  and  L1L2 

2000(10)   -  Siib)  =  0 
<S4  =  2240  lb.  (compression) 
stress  in  Si  may  be  found  by  taking  moments  about  Ui,  the  intersection  of  U1L2  and  U1U2 

(4000  -   1000)  (10)  -  55(5)   =  0 
Ss  =  6000  lb.  (tension) 
Other  sections  should  now  be  taken  cutting  only  three  members  whose  stresses  are  unknown  and  the  moment 
Ition  again  applied.     Proceeding  in  this  manner  the  stresses  in  all  the  members  may  be  determined 

(b)  Method  of  Joints 

The  stresses  in  members  LoUi  and  ULi  are  determined  as  for  the  method  of  sections  and  the  solution  will  not 
epeatea  here 
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Passing  now  to  the  next  joint  at  which  only  two  unknowns  exist,  joint  h\  will  be  selected,  shown  in  Fig.  96(a 

1SF  =  0.     Se  =  0 
*  S//  =  0.     56  -  52  =  0 
or  Se  =  52  =  6000  lb.  (tension) 
— »-            Next  pass  to  joint  U\,  which  is  shown  in  Fig.  96(6).    The  two  unknown  forces  are  5a  and  .' 

2F  =  0.     Si  sine  +  S«  sinff  -  Sj  sinff  -  2000  =  0 

54  sine  -  53  sine  =   -  1000 
2H  =  0.     5i  cose  -  S«  cose  -  53  cose  =  0 
54  cose  +  S3  cose  =  6000 
These  independent  equations  involve  only  the  unknowns  5i  and  S4.     Solving  simultaneoush 
54  -  S3  =   -  2236 
S4  +  S3  =   +  6708 
S3  =  4470  lb.  (compression) 
S4=  2240  1b.  (compression) 
The   stresses  at  joint  f/i  are  now  completely  determined.     In  the  same  way  pass  to  the  otl 
joints  until  all  the  stresses  in  the  members  of  the  truss  are  determined. 

77.  Graphical  Treatment. — In  the  graphical  method  of  sections  it  is  necessary  to  commer 
at  one  end  of  the  structure  and  pass  a  section  cutting  but  two  members.  The  stresses  in  th< 
members  can  be  determined  by  the  single  condition  that  the  force  polygon,  drawn  from  the  fore 
on  one  portion  of  the  structure,  must  close.  Next  a  section  is  taken  cutting  three  membe 
one  of  which  has  already  been  determined,  and  the  two  unknowns  can  be  found  by  the  foi 
polygon  method  as  before.  By  successive  sections  taken  in  this  manner,  all  the  stresses  can 
determined  by  simple  force  polygons. 

The  graphical  construction  resulting  from  the  method  of  joints  is  identical  with  tl 
resulting  from  the  method  of  sections.  The  only  difference  is  the  sections  taken  and,  con 
quently,  the  order  in  which  the  lines  are  drawn.  The  method  of  joints  is  generally  preferrec 
practice- on  account  of  its  simplicity  and  this  method  only  will  be  illustrated  here. 

Illustrative  Problem. — Required  the  stresses  in  all  members  of  the  roof  truss  shown  in  Fig.  97(o)  by  the  grs 
ical  method  of  joints;  loads  as  shown. 

It  will  simplify  matters  to  draw  a  sketch  of  the  truss  to  some  suitable  scale  and  show  on  it  all  the  outer  fo 
including  reactions.  Also,  to  designate  all  the  forces  and  members  on  this  sketch  by  letteis  so  located  that  < 
force  and  each  member  will  lie  between  two  letters  and  only  two,  as  illustrated  in  97(a). 

Now  any  force,  as  AB,  for  example,  in  this  figure  may  be 
designated  in  the  graphical  solution  by  a  line  having  a  length  cor- 
responding to  the  magnitude  of  the  force  and  with  the  letter  a 
at  one  end  and  the  letter  h  at  the  other.  By  going  through  the 
graphical  construction  in  this  mannei  one  lettei  only  need  be 
placed  at  each  apex  of  a  force  polygon  and  the  work  is  gicatly 
simplified. 

The  next  step  is  to  draw  a  force  polygon  foi  the  outer 
forces  to  a  scale  of  suflScient  size  to  give  the  desired  accuracy. 
The  force  polygon  is  ahcdefga  in  Fig.  97(b)  and  is  a  straight 
line,  since  all  the  forces  are  vertical.  The  external  forces  should 
be  plotted  in  the  order  obtained  by  going  around  the  figure  in  a 
clockwise  direction,  ah  =  1000.  he  =  cd  =  de  =  2000.  ef  = 
1000.  fg  =  Ri  =  4000.  ga  =  Ri  =  4000.  The  light  and  left 
reactions  must  previously  be  computed  either  algebraically  or 
graphically  (see  chapter  on  "Reactions")- 

The  force  polygon  should  now  be  drawn  for  joint  Lo.  The 
unknown  forces  which  act  at  this  joint  are  the  stress  in  BH  and 
the  stress  in  HG.  bh  and  hg  are  known  in  direction  but  not  in 
magnitude,  hence,  there  are  but  two  unknowns  and  these  can  be 
found  by  the  polygon  of  foices.  The  figure  abhga,  Fig.  97(6),  is 
this  polygon  obtained  by  drawing  from  6  a  line  parallel  to  BH, 
and  from  g  a  line  parallel  to  HG.  The  lines  bh  and  hg  may  now  be 
scaled  from  the  force  polygon  to  obtain  the  magnitude  of  the 

stresses  in  the  two  members  intersecting  at  Lo.  The  character  of  these  stresses  must  also  be  found.  The  f 
at  joint  Lo,  being  in  equilibrium,  must  follow  in  order  around  the  corresponding  force  polygon.  Reading  ar 
joint  Lo  in  a  clockwise  direction  gives  6;»  acting  downward  to  the  left,  or  toward  the  joint  Lo,  thus  showing 
pression,  and  hg  acting  toward  the  right,  or  away  from  the  joint  Lo,  showing  tension. 

The  joint  Li  is  the  next  one  at  which  only  two  unknowns  exist.      The  stress  ir  GH  is  known  from  joint  lo 
the  stresses  in  HJ  and  JG  are  unknown.     The  corresponding  force  polygon  hjg  for  this  joint  must  close. 
gh  and  jg  have  the  aame  line  of  action,  the  line  in  the  force  polygon  representing  the  magnitude  of  hj  will  be  a  I 
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18  having  no  length.  The  stress  in  HJ  is,  therefore,  zero.  This  might  have  been  seen  by  inspection,  as  there  is 
load  at  Z.1  to  cause  stress  in  this  member.  In  reading  around  joint  Z-i  in  a  clockwise  direction,  the  line  JG  is  from 
t  to  right,  and  the  stress  acts  away  from  joint  /.i,  denoting  tension. 

Now  pass  to  joint  Uu  The  stresses  in  CK  and  KJ  are  the  unknowns.  To  obtain  them  dr  aw  cfc  and  jk  in  the 
06  polygon  parallel  respectively  to  the  corresponding  members  in  the  truss.  (The  stress  being  zero  in  JH, 
■  whole  space  occupied  by  ./  and  H  may  conveniently  be  called  J.)  Reading  around  joint  Ui  in  a  clockwise  direc- 
n  gives  both  ck  and  kj  acting  toward  the  joint  C/i,  hence,  denoting  compression  in  both  these  members.  The 
lygon  considered  is  bckjb.     In  a  similar  manner  the  stresses  in  the  other  bars  may  be  determined. 

STRESSES  IN  ROOF  TRUSSES 
By  H.  S.  Rogers 

78.  Kinds  of  Stresses. — Stresses  in  roof  trusses  may  be  either  direct  or  combined.  The 
ess  in  a  member  is  usually  assumed  to  be  direct  unless  the  member  is  loaded  at  one  or  more 
ints  along  its  length  or  unless  it  is  subjected  to  a  distributed  loading  other  than  its  own  dead 
ight.  For  method  of  computing  combined  stresses  see  chapter  on  "Bending  and  Direct 
■ess— Wood  and  Steel."     Direct  stresses  only  are  considered  in  this  chapter. 

79.  Loads.— The  loads  upon  a  truss  may  be  classified  as  (1)  dead  load,  (2)  wind  load,  (3) 
>w  load,  and  (4)  miscellaneous  load.     The  dead  load  is  vertical  and  includes  the  weight  of 

truss  and  all  fixed  loads  of  the  completed  structure  bearing  upon  or  suspended  from  the 
s.     For  calculating  direct  stresses,  the  dead  load  is  considered  as  concentrated  at  panel 

nts  of  the  truss.     The  wind  load  is  concentrated  at  panel  points  and  is  usually  taken  normal 

the  plane  of  the  roof.  The  snow  load  is  vertical  and  treated  in  a  manner  similar  to  the  dead 
The  miscellaneous  load  may  be  due  to  mechanical  equipment  of  a  fixed  or  moving  char- 

er  suspended  from  or  supported  by  the  roof  truss.     If  such  loads  exist,  their  effect  should  be 

efully  studied  and  provided  for. 

80.  Reactions. — The  reactions  upon  a  truss  together  with  the  external  loads  form  a  com- 
te  system  of  forces  in  equilibrium.  The  reactions  are  vertical  for  dead  and  snow  loads, 
iause  the  one-half  dead  panel  load  concentrated  at  the  end  of  a  truss  has  the  same  line  of 
on  and  is  opposite  in  direction  to  the  total  reaction,  it  may  be  subtracted  from  the  total  and 

I  difference,  called  the  "effective  reaction,"  may  be  used  in  the  solution  of  problems. 

The  direction  and  relative  magnitude  of  wind  load  reactions  depend  upon  the  type  of  end 
t ports.  Three  conditions  for  truss  bearings  are  commonly  used:  (1)  both  ends  fixed,  (2) 
1  end  fixed  and  the  other  movable  in  a  horizontal  direction,  (3)  both  ends  equally  free  to  move 
:3lastic  deflection  in  the  columns  supporting  the  truss.  Condition  (1)  exists  when  both  ends 
fhe  truss  are  rigidly  anchored  to  solid  masonry  walls.  For  this  condition  the  wind-load  reac- 
i'  s  are  usually  considered  parallel  to  the  wind  load.  Conditio  ii  (2)  exists  when  one  end  of  the 
r  ;s  IS  placed  upon  a  rocker,  sliding  plate,  or  rollers,  and  the  reaction  then  at  the  free  end  may 
('onsidered  vertical.  Condition  (3)  exists  in  framed  bents — that  is,  when  roof  trusses  are 
t,ched  to  columns  instead  of  being  placed  on  masonry  walls;  for  which  condition  the  two  hori- 
Qtal  components  of  the  reactions  at  the  points  of  inflection  in  the  columns  are  considered  equal. 
'^  stresses  in  framed  bents,  see  Sect.  3,  Art.  164.  For  methods  of  computing  reactions,  see 
Bater  on  "Reactions." 

81.  Methods  of  Computing  Stresses. — The  two  general  methods  of  computing  stresses 
irusses  are  the  "method  of  sections"  and  the  "method  of  joints,"  as  explained  in  the  pre-    ' 
Sng  chapter. 

82.  Algebraic  Method  of  Sections. — To  determine  the  direct  stress  in  the  member  of  a 
15,  the  following  procedure  should  be  used: 

1.  Pass  a  section  through  the  unknown  member  and  remove  part  of  the  truss  to  one  side  of 
I'lection. 

2.  Replace  cut  members  by  forces,  assuming  the  directions  of  the  forces. 

3.  Take  moments  about  a  point  which  is  common  to  the  lines  of  action  of  all  unknowns 
uthe  one  desired. 

4.  Determine  the  magnitude  and  direction  of  the  unknown  force  by  equating  the  algebraic 
1'  01  the  moments  to  zero. 
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If  the  force  which  is  to  be  determined  acts  toward  the  section,  the  member  will  be  in  com 
pression;  if  it  acts  away  from  the  section,  the  member  will  be  in  tension. 

Illustrative  Problem. — The  stresses  in  the  Pratt  truss  shown  in  Fig.  98  will  be  determined  by  the  algebra; 
method,  for  the  loads  shown.     Before  beginning  the  determination  of  moments  acting  on  sections  of  the  truss, 
will  be  convenient  to  determine  the  right-angle  distances  of  upper  chord  members  from  lower  panel  points  and  tl 
right-angle  distances  of  web  members  from  the  heel  joint,  Lo. 

The  first  section  is  taken  through  LoUi  and  LoLi  and  the  part  of  the  truss  to  the  right  of  the  section  is  r 
moved,  as  shown  in  Fig.  9S(b).  The  members  are  replaced  by  forces,  as  indicated  by  the  arrows.  In  order  to  d 
termine  the  stress  in  LoUi,  the  moments  are  taken  about  Li,  so  as  to  eliminate  the  stress  in  LoLi,  from  the  cor 
putations.  In  order  to  determine  the  stress  in  LoLi,  the  moments  are  taken  about  f/i  for  a  similar  reason.  T] 
solutions  of  the  equations  give 

L„Ui  =  (3000)  (ji^)   =  6710  1b. 

L»L,  =  (3000)  (y )   =  6000  lb 

Because  the  sum  of  the  va 
ments  about  Li  must  equal  zei 
the  force  LoUi  must  be  direct 
toward  the  section;  therefore  t 
member  LoUi  will  be  in  co 
pression.  Because  the  sum  of  i 
moments  about  Ui  must  eqi 
zero,  the  force  LaLi  must  be 
rected  away  from  the  sectii 
therefore,  the  member  LoLi  will 
in  tension. 

The  second  section  is   tal 
as  shown  in  Fig.   98   (c),    the 
members  being  replaced  by  forn 
In   order  to  determine  the  sti( 
in    L'lLi   the   moments   are   tal 
about  Lo;  and  in  order  to  de' 
mine     the     stress     in     U1U2 
moments     are     taken     about 
The   directions   of   the   forces 
determined  as  before. 

The  third  section  is  taker 
shown  in  Fig.  98 (rf)  and  the 
members  are  again  replaced 
forces.  The  stresses  and  t 
directions  are  determined  as( 
Fig.  98.  the  previous  cases. 

It  should  be  observed  that,  if  a  section  is  passed  through  three  unknowns,  any  one  of  them  can  be  determi 
by  taking  moments  of  all  the  forces  acting  about  the  intersection  of  the  other  two  unknowns. 

The  stresses  in  a  symmetrical  truss  loaded  symmetrically  need  be  determined  only  for  one-half  the  truss. 

83.  Methods  of  Equations  and  Coefficients.— The  method  of  determining  the  stresses 
symmetrical  trusses,  symmetrically  loaded,  by  means  of  equations  or  coefficients  involves 
least  amount  of  labor. 

Equations  for  stresses  in  members  can  be  determined  in  terms  of  the  panel  load  and 
ratio  of  span  to  height  of  truss,  by  the  algebraic  method  of  sections,  the  loads  being  expres 
in  panel  loads  and  the  moment  arms  in  terms  of  span  divided  by  height.  These  equations  f 
constant  values,  or  coefficients,  for  each  member  of  a  truss  for  each  particular  ratio  of  spaji 
vided  by  height.  The  value  for  any  member,  when  multiplied  by  the  panel  load  will  gn 
product,  which  will  be  the  stress  in  the  member. 

The  equations  for  stresses  and  the  coefficients  of  stresses  for  the  standard  simple  type 
symmetrical  trusses  are  given  in  the  Chapter  on  "Roof  Trusses— Stress  Data"  in  Sect.  3 

84.  Graphical  Method  of  Joints.— In  the  graphical  method  of  computing  stresses,  jo 
are  considered  to  be  cut  from  the  truss  in  consecutive  order  and  a  force  polygon  is  dra\\Ti 
the  forces  at  each  joint.     The  stresses  should  be  determined  by  use  of  the  following  procedi 

(1)  Draw  a  scaled  diagram  of  the  truss  showing  all  the  external  forces,  and  letter  each  si| 
between  forces  or  members  with  a  capital  letter. 


Sec.  1-84] 


ELEMENTS  OF  STRUCTURAL  THEORY 


55 


(2)  Consider  each  joint  separately  as  a  "free  body"  acted  upon  by  concurrent  forces  in 
■quilibrium. 

(3)  Draw  a  force  polygon  for  each  joint  showing  the  external  and  internal  forces  and  letter 
ach  intersection  of  forces  with  a  small  letter  corresponding  to  the  space  between  the  forces  in 
he  space  diagram. 

Illustrative  Problem.  — 
'he  stresses  in  the  truss  of 
ig.  99  will  be  determined  by 
TC  graphical  method  for  the 
lads  shown. 

The  heel  joint,  joint  1,  is 
le  first  to  be  solved.  The 
ne-half  panel  load  at  the 
lint  and  the  reaction  are 
>nibined  to  give  the  effective 
action.  The  force  polygon 
ir  the  joint  is  drawn  with  the 
rces  parallel  to  the  lines  of 
■tion  shown  in  the  space  dia- 
am.  Since  the  sum  of  the 
irizontal  components  and 
p  sum  of  the  vertical  com- 
ments must  equal  zero  for 
aiilibrium,  the  polygon  must 

so.      The  order  of  letters  as 
I'l  around  the  force  polygon 

Urates   the  direction   of  the 
ri  03  acting  at  the  joint  and 


Jo'mf  3 


Joint  4 


Fia.  99. 


Stress  Diagram^ 


ereby  indicates  whether  a  membei  is  in  compression  or  tension.     If  the  force  acts  toward  the  joint,  the  member 
uch  transmits  it  must  bo  in  compression;  if  it  acts  away  from  a  joint  the  member  must  be  in  tension. 


Fig.   100. 

'sie  mirked  with  Hn  '^  "'  't'^-     "'"^  "T^'''''  "^'^^  ^"  '""^  ^'^'^^'°"  "^  ^-"*  '  ^  ^°"o-d-     The  known 
8  aie  marked  with  a  line  across  the  arrow  in  the  space  and  force  diagrams.      It  should  be  noted  that  no  more 
I  two  unknowns  can  be  determined  in  the  solution  of  any  one  joint 
The  solutions  of  joints  3  and  4  follow  in  order  and  complete  the  solutions  for  the  truss. 
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It  is  not  necessary  to  draw  separate  space  and  force  diagrams  for  each  joint,  as  the  truss  diagram  gives  the  spac 
diagrams  for  all  joints  and  the  force  diagrams  may  be  combined  into  one  stress  diagram  as  shown  in  the  figure. 

Illustrative  Problem. — The  stresses  in  the  King-rod  truss  of  Fig.  100(a)  for  the  roof  and  suspended-ceiling  load 
shown  will  be  determined  by  the  graphical  method. 

The  truss  diagram  is  first  drawn  to  scale  and  all  the  external  forces  (loads  pnd  reactions)  are  indicated  on  th 
diagram.  To  construct  the  stress  diagram,  first  plot  to  scale  all  the  loads  on  the  truss  rafters,  i.e.,  ab,  be,  cd,  de,  an 
ef.  Ri  is  then  laid  off  from  a  and  in  opposite  direction  to  ab,  be,  etc.,  and  R2  it  hia  off  from  /.  The  two  reactioi 
are  found  to  overlap  because  the  suspenaed  loads  on  the  lower  chord  nave  the  same  line  of  action  as  the  loads  on  tt 

rafters  at  the  panel  points  above.     The  lef 
7^  ■  n  hand  heel  joint  is  first  considered  by  plottir 

the  stresses  in  a  clock-wise  direction  arour 
the  joint.  The  stress  polygon  is  obtained  1 
drawing  bm  and  ml,  trom  6  and  I,  parallel 
H  BA/ and  il/L  respectively.  Tracing  this  joi 
through  by  a  continuous  clockwise  reading 
the  forces,  bm  is  found  to  act  towp.ra  t 
joint  and  ml  to  act  away  from  the  joii 
which  means  that  these  stresses  are  coi 
pression  and  tension  respectively. 

The  first  lower-chord  joint  from  the  li 
reaction  is  next  determined.  The  forces  i 
again  traced  in  a  clock-wise  direction  beg 
ning  with  the  known  force  kl.  In  this  foi 
diagram  it  is  found  that  m?i  and  nk  both  ; 
away  from  the  joint  and  members  MN  a 
NK  are,  therefore,   in  tension. 

Joints  3  and  4  are  solved  in  the  sa 
manner,  which  completes  the  determinat 
of  stresses,  as  the  stresses  on  the  right-hs 
side  of  the  truss  are  equal  to  those  on  the  L 
The  stress  diagram  may  be  completed  a 
check  on  the  work. 

Illustrative     Problem. — The     dead-l< 
stresses  in  the  Fink  truss  shown  in  Fig.  IOC 
will  te  determined  by  the  graphical  met! 
A   special  feature  of  this  solution  is  the  c 
dition   encountered   at  joint  4  which  maj 
first  appear  to  be  an  indeterminate  condit 
The   truss  diagram  is  drawn  to  scale 
the  loads  and  effective  reactions  are  plott 
The  joints  are  solved  in  the  usual  mat  1 
in  the  order  indicated  on  the  truss  diagr ; 
Bringing  the  solution  from  left  to  right,  a  1 
dition  which  cannot  at  once  be  solved  is 
at  joint  4.     There  are  three  unknowns  ep, 
and    on.     It   is   seen    on  inspection  that 
stress  in  the  members  DQ,  QR,  and  RK 
remain  the  same  regardless  of  the  web  m 
bers  toward  the  left.     OP  and  PQ  are,  th 
fore,    cut    out    and    replaced   by   the    do 
^^°-   1°^'  member    P'Q.      Joints   4,    5,    and    6   are 

tarmined  with  this  assumed  member  in  place,  and  joint  6  is  then  corrected  by  throwing  out  the  dotted  men 
and  replacing  the  members  OP  and  PQ.  The  stresses  in  the  members  OP  and  PQ  are  then  determined  by 
solution  of  joint  at  their  intersection. 

The  solution  may  be  obtained  in  another  manner,  by  solving  alget  raically  for  the  stress  in  RK  and  la>-ii 
off  to  scale  on  the  stress  diagram,  so  that  joint  6  can  be  determined  before  joint  4. 

Illustrative  Problem. — The  stresses  are  required  in  the  three-hinged  arch  truss  of  Fig.  101. 
The  reactions  may  be  found  graphically  but  the  algebraic  solution  is  more  simple  (see  Illustrative  Probler 
21).     After  the  components  of  the  reactions  are  determined  the  stresses  may  be  found  by  the  usual  stress  diaj 
beginning  at  either  reaction  and  determining  stresses  at  consecutive  joints,  as  shown  in  Fig.  101.     The  sol 
could,  of  course,  be  accomplished  by  beginning  at  the  crown  hinge. 

Illustrative  Problem. — The  stresses  are  required  in  a  cantilever  truss  loaded  as  shown  in  Fig.  102(a). 
The  reactions  of  the  truss  are  determined  graphically  in  Fig.  102(a),  as  explained  in  the  chapter  on  "  Rearti 
The  method  of  determining  the  stresses  is  the  same  as  in  the  preceding  illustrative  problems. 

85.  Wind  Load  Stresses  by  the  Graphical  Method.— In  the  illustrative  problems  wl 
follow,  stresses  will  be  found  in  trusses  due  to  wind  load  under  the  following  conditions 
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Hers  on  the  leeward  side  of  truss,  (2)  both  ends  fixed,  and  (3)  rollers  on  the  windward  side 
truss.  The  wind  load  is  considered  as  that  component  of  a  horizontal  wind  force,  normal  to 
the  plane  of  the  roof. 

Illustrative  Problem. — ^In  Fig.  102(6),  the  external  force  polygon  is  first  drawn  with  the  loads  parallel  to  thf) 
nd  loads  on  the  truss.  The  reaction,  Ri,  can  be  drawn  vertically  because  it  is  transmitted  through  rollers,  but 
3  direction  of  Ri  is  not  known  so  the  polygon  cannot  be  completed.     The  reactions  will,  therefore,  be  determined 


^■^t 


I — I I I  ^^  ^/ 


fnAO.p 


(c) 


Fig.   102. 


means  of  the  force  and  equilibrium  polygons.  R\.  will  be  assumed  as  parallel  to  the  wind  load  and  the  closing 
Qg  will  give  the  direction  of  the  ray  Oe' .  Now  because  Ri  must  take  the  entire  horizontal  component  of  the  wind 
1  and  because  Rt  acts  vertically,  a  horizontal  line  drawn  from  e'  to  e  will  give  the  point  of  intersection  of  the  two 
:tions.  These  reactions  may  be  checked  by  considering  the  total  wind  load  and  the  two  reactions  as  three  forces 
ng  on  the  truss.  Since  the  directions  and  points  of  application  cf  the  resultant  of  the  wind  load  and  the  reac- 
ff2  are  known,  the  two  forces  may  be  extended  to  their  point  of  intersection,  d;  and,  since  the  point  of  applica- 
of  R\  is  known,  the  direction  of  the  force  will  be  from  d  to  the  point  of  left  reaction.  Tne  deteimination  of 
direction  makes  it  possible  to  complete  the  external  force  polygon  and  obtain  a  check  on  the  first  solution  for 
i(ij|!tions. 
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The  stresses  are  now  determined  by  drawing  a  force  polygon  for  each  joint.  It  should  be  noted  that  th 
web  members  in  the  leeward  side  received  no  stress. 

Illustrative  Problem. — -The  wind  stresses  in  the  Scissors  truss  of  Fig.  102(c)  will  be  determined  by  the  graphici 
method  under  the  assumption  that  the  reactions  are  parallel  when  both  ends  of  the  truss  are  fixed  by  an  anchoraf 
to  solid  masonry  walls. 

The  space  diagram  is  drawn  with  the  lines  of  action  of  the  loads  extended  so  that  the  equilibrium  polygon  ca 
be  drawn.  The  reactions  are  determined  by  the  ray,  Oe,  which  is  parallel  to  the  closing  string  of  the  equilibria] 
polygon. 

The  stresses  are  determined  by  beginning  at  the  left-hand  heel  joint  and  following  through  in  the  order  ind 
cated.  As  in  the  previous  problem  no  stress  is  found  in  the  web  members  on  the  leeward  side  of  the  truss.  Son 
stresses  are  produced  in  this  truss  due  to  wind  load  which  are  opposite  in  direction  to  those  produced  by  dead  load- 
Stresses  should  be  carefully  determined  in  roofs  of  such  extreme  pitch. 

niustrative  Problem. ^The  wind  load  stresses  are  required  in  the  Fink  truss  of  Fig.  102(d). 

The  wind-load  reactions  upon  the  Fink  truss  of  Fig.  102(d)  will  be  determined  in  a  different  manner  than  thj 
used  for  the  determination  of  the  reactions  in  Fig.  102(6).  The  load  line  is  plotted  as  usual  and  a  pole  from  whit  J 
the  rays  are  drawn  is  selected.  The  line  of  action  at  the  left  support  is  known,  but  the  point  of  application  is  t) 
only  element  of  the  right  reaction  which  is  known.  The  equilibrium  polygon,  is,  therefore,  begun  at  the  righ 
hand  heel  joint  so  that  the  intersection  of  the  strings  can  be  made  on  the  line  of  action  of  the  force.  The  strii 
prallel  to  the  ray  Oe  is  first  drawn.  The  others  are  drawn  in  consecutive  order  from  that  one  parallel  to  Od  to  theoi 
parallel  to  Og.  Since  the  line  of  action  at  the  left  support  is  vertical,  the  point  of  intersection  with  the  string  ci 
be  obtained.  The  closing  stting  between  the  forces  which  form  the  two  reactions  is  then  drawn  and  the  ray,  C 
is  drawn  parallel  to  it.  The  intersection  at/  with  the  vertical  line  through  g  gives  the  left  reaction,  fg.  The  for 
ef,  which  is  the  right  reaction,  is  drawn  to  the  point  of  intersection  of  the  vertical  force  through  g  and  the  ray  C 

These  reactions  may  be  checked  by  extending  the  line  of  the  left  reaction  and  the  line  of  the  resultant  of  t 
wind  loads  to  a  point  of  intersection  shown  at  x.  and  drawing  the  right  reaction  through  the  right-hand  heel  joi 
and  point,  x.  Since  the  russ  is  in  equilibrium  the  two  reactions  and  the  resultant  of  the  wind  loads  must  form 
system  of  three  concurrent  forces.  The  extended  forces  drawn  to  point  t  give  a  space  diagram  from  which  the  for 
diagram,  gef,  may  be  drawn. 

The  stress  diagram  is  begun  at  the  left-hand  heel  joint  and  the  joints  are  taken  in  consecutive  order  until  t 
joint  at  the  middle  point  of  the  rafter  is  reached,  at  which  the  condition  encountered  in  the  i  ink  truss  in  Fig.  99( 
is  again  met.  The  difficulty  is  removed  by  replacing  the  members  NO  and  MN  by  the  dotted  member  shown  a: 
carrying  the  solution  tlirough  until  fp  is  determined,  after  which  the  corrections  are  made  as  before.  It  should 
again  noted  that  the  web  members  on  the  leeward  side  of  the  truss  take  no  stress.  '. 

COLUMNS 

By  H.  S.  Rogers 

86.  Column  Loads. — The  loads  to  be  calculated  in  the  design  of  columns  may  be  divid 
into  six  classes:  (1)  dead  load,  including  snow  load,  (2)  live  load,  (3)  true  live  load,  (4)  impa 
load,  (5)  wind  load,  and  (6)  earthquake  load. 

The  dead  load  is  produced  by  the  weight  of  that  portion  of  the  completed  structure  whict 
column  supports,  and  includes  floors,  curtain  walls,  roof,  superimposed  columns,  and  permane  , 
fixtures.  It  can  be  accurately  determined  and  should  be  computed  with  a  good  degree  of  pi 
cision.  The  snow  load  in  effect  is  a  dead  load  and  may  be  considered  as  such.  It  may,  hoM 
ever,  be  unsymmetrical  and  may  be  combined  under  certain  conditions  with  wind  load. 

The  live  load  on  columns  depends  upon  the  use  to  which  the  building  is  put  and  includ 
such  loads  as  the  weight  of  people,  furniture,  goods,  and  equipment.  Quite  accurate  data  f 
determ'.ning  the  weights  of  furniture  and  mechanical  equipment  can  be  obtained,  but  in  date 
mining  the  loads  due  to  occupancy  of  stores  and  office  buildings,  considerable  judgment  mu 
be  exercised.  Since  it  is  very  improbable  that  the  full  live  load  on  all  floors  will  be  impost, 
simultaneously,  the  uniform  or  concentrated  loads  used  in  calculating  the  strength  of  floorbear 
and  girders  may  be  reduced  for  the  calculation  of  column  stresses.  The  extent  of  the  reducti(^  i 
of  live  loads  in  office  buildings  is  usually  specified  in  building  codes,  most  of  which  permit 
gradual  reduction  to  some  minimum  for  the  assumed  live  load  acting  upon  columns  in  co: 
secutive  lower  stories. 

Schneider's  "Reduction  of  Live  Load  on  Columns"  is  as  follows: 

For  columns  carrying  more  than  five  floors,  these  (Schneider's)  live  loads  may  be  reduced  as  follows: 
For  columns  supporting  the  roof  and  top  floors,  no  reduction. 

For  columns  supporting  each  succeeding  floor,  a  reduction  of  5%  of  the  total  live  load  may  be  made  un 
50%  is  reached,  which  shall  be  used  for  the  columns  supporting  all  remaining  floors. 
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This  reduction  is  not  to  apply  to  live  load  on  the  columns  of  warehousesi  and  similar  buildings  which  are 
cely  to  be  fully  loaded  on  all  floors  at  the  same  time. 

The  reduction  of  live  load  specified  in  the  Seattle  Building  Code  is  as  follows: 

Unduction  of  live  load  shall  not  be  permitted  in  determining  the  strength  of  any  part  of  a  building  except  in 
cordance  with  the  following  provisions: 

Walls,  piers,  and  columns,  in  buildings  more  than  three  stories  high,  used  for  stores,  offices,  places   of  habita- 

m,  refuge  and  detention  shall  be  designed  to  carry  besides  the  dead  load  not  less  than  the  following  percentage 

tlip  required  live  load:  Roof  and  top  floor  100%,  next  lower  floor  95%,  and  for  each  succeeding  lower  floor  5% 

vs,    until  a  minimum  of  50%  is  reached  and  maintained  for  the  remaining  floors,  if  any.     In  all  other  buildings 

e  fall  live  load  shall  be  taken 

The  true  live  load  is  the  dynamic  load  produced  by  machinery,  cranes,  elevators,  telpherage 

stems,  industrial  railways  or  similar  mechanical  equipment.      Detailed  information  concerning 

ch  loads  should  be  obtained  and  provision  should  be  made  for  the  stresses  which  they  produce 

columns. 

Impact  load  is  produced  by  the  shocks  and  vibrations  caused  by  true  live  load.     It  should 

■  thoroughly  studied  and  should  be  provided  for  with  judgment. 

Wind  load  is  produced  by  the  horizontal  pressure  of  the  wind  on  exposed  surfaces.  The 
lit  pressure  is  specified  for  various  conditions  in  all  building  codes  and  is  usually  given  as  30 
1.  per  sq.  ft.     The  wind  load  produces  an  overturning  moment  which  increases  the  compression 

■  the  columns  on  the  leeward  side  of  a  building,  decreases  the  compression  in  those  on  the  wind- 
u  (I  side,  and  produces  a  moment  in  the  columns  by  means  of  the  truss  and  girder  connections 

j;d  wind  bracing.     Its  effect  is  of  great  importance  in  high  buildings  and  thorough  study  of  the 
resses  produced  by  it  should  be  made. 

Earthquake  load  will  produce  stresses  in  columns  which  should  be  investigated  in  those 
1  'alities  where  earthquakes  are  liable  to  occur. 

87.  Columns  and  Struts. — A  structural  member  which  is  acted  upon  by  forces  causing 
(j'ect  compression  is  called  a  column,  a  pillar,  a  posl,  or  a  strut.  Short  columns  are  those  in 
iiiiich  the  ratio  of  length  to  least  width  is  small.     They  fail  by  direct  crushing  of  the  material 

\thout  appreciable  bending  or  buckling. 

An  ideal  column  is  one  in  which  the  axis  is  perfectly  straight  and  the  material  absolutely 
I  iform  and  in  the  same  condition  throughout,  and  to  which  the  load  is  applied  exactly  on  the 
sis.     Such  columns  are  not  found  in  practice. 

Practical  colutnns  fail  by  a  combination  of  direct  compression  and  bending.  The  bending  in 
citrally  loaded  columns  is  caused  by  accidental  eccentricities  of  the  application  of  the  load,  by 
I  avoidable  imperfections  in  manufacture  and  nonuniformity  of  material, 

ad  by  initial  bends  and  stresses  in  the  column  shaft.     Due  to  these  im-       4 j-j^saCl 

7  fections,  any  cokmm  will  immediately  begin  to  deflect  under  load.     This        I         j        | 
ci lection  increases  the  lever  arm  of  the  forces  causing  the  bending,  and 
I  ■  bending  will  continue  to  increase  until  a  state  of  equilibrium  is  reached 
o  until  the  column  fails. 

88.  End  Conditions. — One  of  the  important  factors  governing  the 
!■;  t'ngth  of  columns  is  the  degree  of  fixity  of  the  ends.  When  the  end  of 
H'olumn  is  perfectly  free  to  turn,  its  end  condition  has  no  influence  on 
li  1  lending  and  it  is  said  to  be  pivoted.  A  fixed  end  is  one  at  which  the  axis 
(Khe  column  is  held  rigidly  so  that  its  direction  cannot  change.  ,      _y|     ^      j, 

Fig.  103  shows  the  flexure  lines  of  three  columns  with  different  sets  of       "*         >      fp  ' 

0  I  conditions  and  lengths  such  that  their  theoretical  strengths  are  equal  if       y^j     ^,       ,  . 
tiir  cross  sections  are  the  same.     Fig.  103 (r),  with  both  ends  fixed,  has 

!)iits  of  contraflexure   (or  zero  moment)  at  the  quarter  points,  so  that 

tl   column  between  these  points  is  essentially  the  same  as  the  pivoted-end  column  in  Fig. 

1  ,(a), 

Conditions  in  practice  are  seldom  such  that  a  column  may  be  considered  as  having  fixed 
eis.'     The  usual  end  conditions  are  pin  ends,  flat  ends,  and  riveted  ends.^     A  riveted  end  fre- 

1  See  article  "Fixed  End  Columns  in  Practice,"  Eng.  News,  Nov.  2,  1911,  vol.  60,  p.  530. 

'  Pin  and  riveted  eada  do  not  occur  in  concrete  columns,  see  chapter  on  "Concrete  Columns"  in  Sect.  2. 
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qucntly  approaches  the  pivoted-end  condition  due  to  the  influence  of  the  flexure  of  other  membei 
connected  to  it,  causing  the  point  of  contraflexure  in  the  column  to  lie  at  or  near  the  end. 

The  formulas  in  general  use  are  applied  to  columns  with  any  of  the  end  conditions  abov 
mentioned. 

89.  Application  of  Column  Loads. — ^The  loads  upon  floors  and  roof  are  transmitted  to  columr 
by  the  girder  and  truss  connections.  They  may  be  either  concentric  or  eccentric  according  to  th 
details  of  the  connection.  A  concentric  load  is  one  which  is  applied  axially  along  the  columi 
The  loads  transmitted  to  columns  by  the  usual  girder  connections  should  be  considered  as  coi 
centric.  If,  however,  a  girder  is  supported  by  a  bracket  on  a  column,  the  eccentricity  of  tl 
load  applied  should  be  investigated  and  the  column  should  be  designed  to  withstand  the  bem 
ing  stresses  in  addition  to  the  direct  stresses  (see  chapters  on  "Bending  and  Direct  Stress" 
In  addition  to  concentric  and  eccentric  loads,  direct  transverse  loads  may  be  applied  to  columi 
by  cantilevers  supporting  platforms,  roofs,  and  cranes,  or  by  wind  bracing.  TMien  such  loai 
occur,  the  stresses  produced  by  them  should  be  considered  in  the  design  of  the  column. 

90.  Stresses  Due  to  Concentric  Loading. — There  is  no  direct  method  which  can  be  used  • 
obtain  the  dimensions  of  a  long-column  section,  but  very  short  columns  should  be  comput('  ' 
by  using  the  safe  compressive  strength  per  square  inch  of  the  metal  in  short  blocks.  In  tl 
design  of  an  ordinary  column,  which  has  no  eccentric  loading,  the  procedure  which  should  1 
followed  is :  ( 1 )  select  a  column  which  will  give  the  desired  features  in  the  detailing  of  connect  ior 
(2)  determine  the  stresses  which  are  produced  by  concentric  loads  acting  upon  the  colum 
and  then  (3)  correct  the  design  of  the  section  to  bring  the  stresses  within  the  allowed  worki) 
intensities.  There  are  two  kinds  of  stresses  produced  by  concentric  loads  to  which  a  colun 
may  be  subjected:  (1)  direct  compressive  stress  distributed  uniformlj'  over  the  section;  ( 
transverse  stress  produced  by  the  flexural  action  of  the  column  and  distributed  with  varyi- 
intensity  from  the  neutral  axis  to  extreme  fibers  so  as  to  form  a  stress  couple. 

91.  Column  Formulas.  ^ — There  is  no  simple  rigorous  analytical  method  for  determini 
the  resultant  stresses  in  a  column.  There  are,  however,  two  more  or  less  rational  and  two  ei 
pirical  types  of  formulas  for  determining  such  stresses.  These  types  are  the  Euler,  the  Gord 
or  Rankine,  the  Straight  Line,  and  the  Parabolic. 

92.  Euler's  Formula. — Euler's  formula  is  derived  upon  the  assumptions,  that  the  colur 
is  concentrically  loaded,  that  it  is  subjected  to  direct  compression,  that  it  has  fixed  or  sqm 
ends,  and  that  it  is  free  to  bend  laterally.  It  assumes  that  the  material  of  the  column  is  p' 
fectly  elastic  and  that  the  ultimate  strength  of  the  column  is  developed  at  a  stress  equal  to  t 
elastic  limit  of  the  material.  The  expression  for  the  ultimate  strength  of  columns  with  fix 
ends  is 

in  which 

p  =  intensity  of  stress  within  the  limits  of  perfect  elasticity. 
E  =  modulus  of  elasticity. 
L  =  length. 
r  =  least  radius  of  gyration. 

-  is  called  the  slenderness  ratio. 
r 

Through  the  center  of  gravity  of  a  cross-section  there  is  always  a  pair  of  axes  about  one  of  which  the  mom 
of  inertia  is  a  maximum  and  about  the  other  a  minimum.  These  moments  of  inertia  are  called  principal  moment; 
inertia  and  the  axes  about  which  they  are  taken  are  called  principal  axes.     An  axis  of  symmetry  which  divide  | 

cross-section  symmetrically  is  always  a  principal  axis.     The  least  radius  of  gyration  (r  =   \/-- jand,  consequen' 

the  minimum  moment  of  inertia  is  used  in  designing  columns.  A  column  bends  in  a  direction  at  right  angles  j 
the  axis  about  which  the  radius  of  gyration  is  a  minimum,  provided  the  column  is  not  laterally  supported  in  t ) 
direction. 

Long  columns  with  pivoted  ends  will  act  essentially  as  that  part  of  the  fixed  column  betwejj 

'  For  "Concrete  Columns"  see  chapter  in  Sect.  2. 
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iu'  two  points  of  contraflexure,  which  is  equal  to  one-half  the  length  of  the  column.     The  ex- 
ression  for  the  ultimate  strength  of  columns  with  pivoted  ends  is  therefore 

Euler^s  formula  is  not  used  in  specifications,  as  are  formulas  of  the  other  types,  because  the 
,eal  conditions  upon  which  it  is  based  are  not  met  in  practice.  It  is  applicable  to  long  columns 
'th  fixed  ends  which  have  a  very  large  ratio  of  L/r  and  to  columns  with  hinged  ends  which  have 
I  average  ratio  of  L/r,  but  gives  values  up  to  infinity  for  short  lengths,  which  is  incompatible 
ith  actual  conditions. 

93.  Gordon's  Formula.— The  Gordon  formula  is  based  upon  the  assumptions  that  the 
lumn  is  concentrically  loaded,  that  it  is  subject  to  direct  compression  and  flexural  stresses, 
id  that  it  is  free  to  bend  laterally.  It  assumes  further  that  the  column  deflects  laterally  and 
at  the  bending  stress  is  produced  by  the  moment  of  the  axial  load  about  the  point  of  maximum 
flection. 

Let  p  =  allowable  intensity  of  stress  over  the  column  section, 
/i  =  the  uniformly  distributed  stress  due  to  the  total  load. 
/2  =  the  flexural  stress  due  to  the  bending  of  column  under  the  load. 
/  =  the  maximum  allowable  intensity  of  stress  in  short  blocks. 
P  =  the  total  load. 
A  =  area  of  column  section. 
A  =  maximum  deflection  of  column. 
c  —  distance  from  neutral  axis  to  the  extreme  fiber. 
I  =  moment  of  inertia. 
&  =  a  constant  depending  upon  the  condition  of  column  ends. 

The  direct  stress  /i  =  ^;   and  the  bending  stress  f^  =  —^  from    the  common  flexure 
■mula  (see  Fig.  104). 
Since  /  =  /i  +  /a 

.  ^  P      bPAc 
^       A^     I 


Now  it  can  be  shown  by  the  theory  of  flexure  that 


c 


wrhich  L  =  length  of  the  column  and  ai  =  a  constant  depending  upon /a  and  E. 
Substituting  in  (1), 

f-  Z     I    ha.PL^ 
•^      A  "^       / 
But  /  =  Ar"^   (r  =  least  radius  of  gyration). 

.•./=|(i+^') 

=  l('+<'7')  (2) 

«rhich  a  is  a  constant  contingent  upon  the  factors  which  influence  h  and  a,. 
The  allowable  intensity  of  stress,  -p,  over  the  column  section  will  be 

P  f 

P  =  A  =  ~-l?  (3) 

I  +  a~ 

Formulas  of  the  Gordon  type  are  used  quite  extensively  in  building  specifications  and  codes. 

ase  in  use,  however,  do  not  all  have  the  same  values  for  /  and  a.     A  change  of  condition  of  the 

C'lmn  ends  produces  a  change  in  the  constant,  "a,"  a^  is  evident  from  the  derivation  of  the 

f<^ula.     Care   should  be   exercised   in   selecting   a   formula    which  shall    be  applicable  to 

t!  column  under  investigation. 
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94.  Straight-line  Formula. — The  straight-line  formula  has  been  used  because  of  the  sim- 
plicity of  its  application  and  because  it  can  be  made  to  coincide  very  closely  with  the  results  oi 
tests  of  columns  having  usual  values  of  L/r.  The  equation  is  empirical  and  has  the  genera' 
form 

p    =f  -     VI- 

in  which  /  =  maximum  allowable  compressive  strength  of  the  material,  and  m  =  a  constant. 

If  the  equation  is  made  to  coincide  very  closely  with  the  values  of  safe  stresses  found  b; 
experiment  in  columns  within  the  usual  range  of  L/r,  it  will  give  large  stresses  for  low  values  o 
L/r  unless  some  limitation  be  placed  upon  L/r,  and  consequently  upon  the  allowable  uni 
stresses.  A  number  of  the  column  formulas  in  general  use  fix  this  maximum  allowable  stree 
for  low  ratios  of  L/r  and  also  fix  a  maximum  ratio  of  L/r. 

95.  Parabolic  Formula. — The  parabolic  type  of  formula  has  been  introduced  to  correc 
the  large  values  of  unit  stresses  allowed  by  the  straight-line  formula  for  very  low  or  high  ratic 
of  L/r,  and  at  the  same  time  give  a  continuous  equation.  The  equation  is  also  empirical  an^ 
has  the  general  form 

in  which  n  is  an  empirical  constant.  The  curve  given  by  the  formula  is  a  parabola  with  tl 
origin  on  the  stress  axis  at  /.  Some  of  the  recently  adopted  specifications,  notably  that  of  tl 
Engineering  Institute  of  Canada,  have  embodied  this  type  of  column  formula. 

96.  Formulas  in  General  Use. — Formulas  of  either  the  straight-line  or  Gordon  tj'pe  ai 
usually  embodied  in  specifications  and  building  codes.  Both  are  found  in  specifications  f 
stresses  in  structural  steel  and  cast  iron  but  the  straight-line  formula  alone  seems  to  be  imivei 
sally  used  in  specifications  for  stresses  in  timber  columns 

97.  Steel  Column  Formulas. — A  diagram  of  the  allowed  unit  stresses  for  structural-st« 
columns  as  given  by  the  principal  column  formulas  which  have  received  general  sanction  amo 
engineers  is  shown  in  Fig.  105,  given  by  C.  E.  Fowler,  Eng.  News-Rec,  Feb.  13,  1919.  Tl 
formulas  graphically  represented  are  as  follows: 

Am.  B.  Am.  Bridge  Co. 

\.  R.  E.  A.  Am.  Ry.  Eng.  Assn. 

X..  R.  E.  A.  1919  Am.  Ry.  Eng.  Assn.  proposed 

E.  I.  C.  Eng.  Inst.  Canada 

F.,  1893  Fowler's  Spec.  1893  12,500  -  41%i/r 

F.,  1919  (CI.  A.)  Fowler's  Spec.  1919  15,000  -  QOL/r 

F.,  1919  (CI.  B.)  Fowler's  Spec.  1919  20,000  -  80i/r 

McK-F.  Fowler,  mod.  by  McKibben  12,500  -  50L/r 

N.  Y.  (Old)  New  York  Bldg.  Code  (Old)  15,200  -  58L/r 

B.  Boston  Bldg.  Code  16,000/1  +  LV2O,O0OrJ 

G.  Gordon  Formula  12,500/1  +  LV36,000r! 

P.  Philadelphia  16,250/1  +  L  VI  l,000r= 

The  limitations  of  the  formulas  as  to  maximum  unit  stresses  and  maximum  values  of  j 
areehown  by  the  diagram.  All  of  the  formulas  lie  in  a  diagonal  zone,  the  upper  limit  of  wh 
is  18,000  -  60L/r  and  the  lower  limit  of  which  is  12,000  -  60L/r  with  the  exception  of  Fowl< 
1919  (Cl.B.).  The  average  of  the  zone  would  be  15,000  -  60/>/r,  which  is  the  formula  that 
been  adopted  in  a  1919  edition  of  "General  Specifications  for  Steel  Roofs  and  Buildings" 
C.  E.  Fowler.  The  A.  R  .E.  A.  formula,  16,000  -  70L/r,  with  a  maximum  stress  of  14.000 
per  sq.  in.  and  maximum  limit  of  L/r  at  120  has  received  very  wide  sanction  in  building  co( 
being  found  in  the  codes  of  New  York,  Detroit,  Chicago,  St.  Louis,  and  Seattle. 

The  formula  for  steel  columns  recommended  by  the  American  Institute  of  Steel  G 
struction  (1923),  and  now  in  general  use;  is 

_        18,000 

1  +    ^' 


19,000  - 

-  lOOL/r 

16,000  - 

-  70L/r 

13,000  - 

-  0.25  (L/r) » 

12,000  - 

-  0.3(L/r)2 

18,000r2 

The  maximum  unit  stress  at  L/r  =  60  is  15,000  lb.  per  sq.  in.     The  maximum  value  of 
is  120  for  primary  members  and  200  for  secondary  members. 
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Illustrative  Problem. —  Design  a  25-ft.  channel  column  for  a  total  load  of  300,000  lb.    Lattice  bars  will  connec 
the  channels  and  prevent  them  from  bending  separately.      Use  the  straight  line  formula 

p  =  16,000  -  70 

A  trial  section  should  first  be  determined  by  assuming  p  =  12,000  lb.     This  gives  a  trial  area  of         '       ■  = 

25  sq.  in.,  which  may  be  furnished  by  the  use  of  two  15-in.  channels  at  45  lb.  having  a  total  area  cf  26.48  sq.  i 
The  radius  of  gyration  for  one  channel  about  an  axis  perpendicular  to  the  web  is  5.32  in.,  hence  the  allowab 
value  of 

p  =  16,000  -  70  ^^y^  =  12,050  lb. 

The  actual  unit  stress  for  this  size  of  channel  equals  „„'  .^  =  11,330  lb.  Thus  the  column  would  be  well  on  tl 
safe  side  and  may  possibly  be  decreased  in  size.     Try  a  15-in.  channel  at  40  lb.     The  allowable  value  of 

p  =  16,000  -  70  ^'^^J^}P  =  12,150  lb. 
5.44 

The  actual  unit  stress  would  be    ^o'  eg    =  12,800;    hence,   these   channels   are   a   little  too  small  and  the  15-i 

45-lb.  channels  should  be  chosen.  These  should  be  placed  to  give  the  column  equal  strength  in  the  tT 
directions — that  is,  by  making  the  radius  of  gyration  about  one  axis  equal  to  tnat  about  the  other  axis. 

98.  Cast-iron  Column  Formulas. — The  most  commonly  used  formulas  for  allowab  j 
stresses  in  cast-iron  columns  are  of  the  straight-line  type.  The  Chicago  and  Seattle  buildii  I 
codes  specify  an  allowable  unit  stress  of  10,000  —  60L/r  lb.  per  sq.  in.  with  a  maximum  vali 
of  L/r  at  70.  The  New  York  and  Boston  building  codes  specify  an  allowable  unit  stress 
11,300  —  30L/r,  with  a  maximum  value  of  L/r  at  70.  The  Philadelphia  code  specifies  ; 
allowable  unit  stress  of  11,670/(1  +  L-/4Q0<P)  lb.  per  sq.  in. — in  which  d  is  the  least  dimensi( 
in  inches,  and  also  specifies  a  maximum  length  of  20d. 

99.  Timber  Column  Formulas. — The  formulas  of  building  codes  of  the  principal  cities  f 
timber  columns  vary  for  the  same  and  for  different  kinds  of  timber.  Some  of  the  cities,  notabi 
Philadephia,  St.  Paul,  and  Seattle,  however,  use  the  same  formula  for  long  leaf  yellow  piri 
white  pine,  Norway  pine,  spruce,  oak,  chestnut,  hemlock,  and  locust.  A  comprehensive  i 
view  of  these  building  code  stresses  revised  to  1913  will  be  found  in  the  "Cambria  Steel"  haa 
book.  A  safe  formula  for  timber  columns  is  1000  —  12L/d  w'hich  will  give  a  safety  factor 
about  6  for  most  kinds  of  timber.  The  formula  specified  in  the  Seattle  Building  code 
C  (1  —  L/70d),  in  which  C  =  the  allowable  compressive  stress  in  pounds  per  square  inch,  wii 
the  .grain,  for  the  wood  used,  and  d  =  least  cross-sectional  dimension  of  column  in  inches. 

BENDING  AND  DIRECT  STRESS— WOOD  AND  STEEL 

By    Clyde  T.   Morris 

100.  General. — Tension  and  compression  members  are  frequently  submitted  to  bendi 
stresses  in  addition  to  the  axial  stress.     This  bending  may  be  due  to  transverse  loads  on  t  J 
member  or  to  the  eccentricity  of  the  longitudinal  load,  or  to  both. 

The  resulting  maximum  unit  stress  in  the  member  may  be  said  to  be  composed  of  thi 
parts,  that  due  to  the  direct  axial  load,  that  due  to  the  transverse  bending  moment,  and  tl" 
due  to  the  eccentricity  of  the  axial  load  caused  by  the  deflection  of  the  member. 

The  deflection  of  the  member  in  turn  is  caused  both  by  i 

-    >CS? Jj:---irr^^<:>   "    transverse  load  and  by  the  eccentricity  of  the  axial  load  due 

j^ ^ ^  this  deflection.     This  is  illustrated  in  Fig.  106. 

Fig.  100.  101.  Bending  Due  to  Transverse  Loads  Only. — An  appro 

mate   value   for  the  maximum   unit  stress  maj'  be  obtained 
neglecting  that  part  of  the  bending  moment  caused  by  the  eccentricity  of  the  axial  load  d 
to  the  deflection.     In  this  case 

^       A^   I 

in  which  M  is  the  moment  due  to  the  transverse  loads  onh'.     This  gives  sufficiently  accurt 
results  where  the  ratio  of  length  to  depth  is  small. 

When  a  member  is  comparatively  slender,  a  more  accurate  determination  is  desirah 
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This  may  be  obtained  by  adding  to  the  bending  moment,  the  effect  of  the  deflection  due  to     I 
transverse  load.     The  deflection  due  to  transverse  load  is  I 

WL^       ,       Mc        ,  ,.       WL  I 

in  which /i  is  the  fiber  stress  due  to  flexure  only,  and  K  and  q  are  constants  depending  upon  the 
fixity  of  the  ends  of  the  member  and  the  character  of  the  loading.     From  these  we  get 


A  = 


KEc 


In  the  denominator  of  the  second  term  of  eq.  (2),  the  minus  sign  should  be  used  for 
jompression  members  and  the  plus  sign  for  tension  members.  The  moment  of  inertia  used, 
ihould  be  calculated  for  an  axis  perpendicular  to  the  plane  of  the  bending.  Values  for  the  con- 
itant  C  are  given  below. 


The  total  bending  moment  =  M  ±  PA  and  /i  = 
for  A  and  solving  for  /i  we  get 

/i  =- 


(M  +  PA)c 


Substituting  in  this  the  value 


Mc 


'^^-'4' 


Jailing  ^  =  C  and  adding  the  effect  of  the  direct  axial  load,  we  get 
A 

Mc 


^  =  ^ 


I  + 


CPIJ 
E 


(2) 


For  pin  ends,  concentrated  load C  = 

For  pin  ends,  uniform  load C  = 

For  one  pin  and  one  fixed  end,  concentrated  load C  = 


48  ■ 
40 
384 
2^ 

l.i 
1 


12 
J_ 
10 
J_ 
17 
1 


^'  =  202^'""'^ "^''20 

128  1 

For   one  pin  and  one  fixed  end,  uniform  load C  =  ,^,.^  at  center use 


For  both  ends  fixed,  concentrated  load C  = 


1665 

185 '^^""'^ "^«23 

1 


192 
24 


use 


For  both  ends  fixed,  uniform  load C  = 

C  =  3g^  at   end use  - 

The  fixed  end  condition  is  seldom  realized  in  practice  and  this  assumption  should  bo  made 
nly  after  careful  investigation  of  the  actual  end  conditions.     For  this  reason  many  engineers 
se  C   =  Jfo  for  ^^^  cases  of  combined  transverse  bending  and 
irect  stress. 

Illustrative  Problem. — Fig.  107  shows  a  part  of  the  top  chord  or  rafter  of 
roof  truss  which  carries  purlin  loads  between  the  panel  points  in  addition  to 
s  direct  stress  as  a  member  of  the  truss. 

The  rafter  is  composed  of  2  angles  6  X  3J^  X  J-^,  with  the  long  legs  verti- 
il.  Since  the  rafter  is  continuous  over  the  panel  points,  there  will  be  a  nega- 
ve  moment  at  the  panel  points  and  a  positive  moment  midway  between  under 
le  purlin  load.  Each  of  these  may  be  taken  as  equal  to  Mo  of  the  moment 
t  a  simple  beam  similarly  loaded. 

The  direct  compression  as  a  member  of  the  truss,  P  =  47,000  lb. 

The  weight  of  the  member  per  horizontal  foot,       w  =  34.3  lb. 

The  moments,  considering  the  member  as  a  simple  beam,  are: 

(34.3)(10) 


Fig.  107. 


Moment  due  to  weight  = 
Moment  due  to  purlin  load  = 


=  430  ft. -lb. 


(3000)  (10) 


=  7500  ft.-lb. 


Total  simple  beam  moment  =  7930  ft.-lb. 
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Continuous  beam  moment 
From  equation  (1) 


(Ho) (7930)  =  6344  ft. -lb.  =  76,130  in.-lb. 


At  the  panel  point,  / 


47,000        (76. 130) (3  92) 


9.00 
=  5220  +  8990 


33.18 

=  14,210  lb.  per  sq.  in. 


At  the  mid  span,  /  = 


From  equation  (2) 


47.000        (76,130)  (2.08) 

9.00     "^  33.18 

5220  +  4770  =  9990  lb.  per  sq.  in. 


At  the  panel  point,  /  = 


(76.130)(3.92) 


9.00 


At  the  mid  span,  /  = 


oo  IS  _  (47,000)(11.2)H12)' 
(201(30,000,000) 
(76,130)(3.92) 
28.12 

5220  +  10,500  =  15,720  lb.  per  sq.  in. 
47,000    ,  (76,130(2  08) 


=  5220  + 


9.00 


+ 


(47,000X11.2)2(12) 


=   5220  + 


(17)(.30.000,000) 

(76,130)(2.08) 


27  59 
=  5220  +  5740  =  10,960  Jb.  per  sq.  in. 

Note  that  those  values  of  C  in  equation  (2)  have  been  used  for  a  member  with  one  pin  end  and  one  fixed  end. 
This  is  probably  on  the  safe  side,  but  the  connection  at  "a"  is  not  sufficient  to  fix  that  end  of  the  member.  Due 
to  the  continuity  of  the  member  at  "fi,"  and  the  purlin  load  in  the  panel  beyond,  it  is  probably  safe  to  consider 

the  member  as  fixed  there.  Note  that  "c"  in  each  case  is  the  distance 
from  the  center  of  gravity  of  the  section  to  the  compression  side  of  the 
member. 

The   maximum  fiber  stress  "/"  should  not  exceed  that  given  by  thei 
column  formula  of  the  specifications  being  used. 

Illustrative  Problem. — Fig.    108  shows  a  tension  member  of  a  rool  •' 
truss  which  is  subject  to  bending  due  to  its  own  weight.     It  is  com- 
posed of  2  angles  3}i  X  3}i  X  He- 
P  =  36,000  lb. 
14.4  lb. 

8       (14.4)(12.5)' 
10  '  8 

The  net  area  of  the  member,  A   =  4.18  -  2(,J-i){H6)  =  3.63  sq.  in. 


Fig.   108. 

The  direct  tension  in  the  member, 
The  weight  of  the  member  per  foot,  w  - 

The  bending  moment. 


M 


=  225  ft.-lb.  =  2700  in.-lb. 


*^rom  equation  (1) 


From  equation  (2) 


AwK  I       ■   *    f       36,000 

At  the  panel  pomt,  /  =   -5-7: 


(2700)(2.511 


3.63  4.9 

=  9920  +  1380  =  11,300  1b 
.,  ,,          .,              ,       36.000    .    (2700)(0.99) 
At  the  mid  span,  /  =  -^-jt:; 1 — 


3.63  4.9 

=  9920  +  540  =   10,460  lb.  per  sq.  in. 


At  the  panel  point.  /  = 


3.63 


+ 


(2700)(2.51) 


(36. 000)(12. 5)2(12)  = 


4.9  + 


(32)  (30.000.000) 
=  9920  +  1180  =  11.100  lb.  per  sq.  in. 

.,  ,,  .  ,  ,       36,000    ,  (2700)(0.99) 

At  the  mm  span.  /  = 


3.63 


4.9  + 


(36.000)(12. 5)2(12)2 


(16)(30.000,000) 
=  9920  +  410  =  10.330  lb.  per  sq.  in. 

In  case   any  load   is  suspended  from  the  member  between  panel  points,  its  moment 
should  be  added  to  that  due  to  the  weight  of  the  member. 

Illustrative  Problem. — Fig.  109  shows  a  building  column  which  is  subject  to  bending 
Btress  under  wind  loads,  due  to  the  thrust  of  the  knee  brace. 
The  total  direct  load  on  the  column.  P  =        62,000  lb. 
The  bending  moment.  M  =   1,200,000  in.-lb. 

A  =  26.00  sq.  in.  /  =  854 

From  equation  (1) 

62,000    ,    (1,200,000)(7.12) 


M 


Sec+iOn'A-A' 


Fig..  109 


/ 


From  equation  (2) 


26.00 
=  2390  +  10,000 


/  = 


854 
=  12,390  lb.  per  sq.  in. 

(1,200.000)(7.12) 
(62,000X20)2(12)2 
(12)(30,000,000) 
(1,200,000)(7.12) 
844 
2.390  +   10,120  =  12,510  lb.  per  sq.  in. 


26.00 


2390  + 
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102.  Eccentrically  Loaded  Columns. — When  the  bending  n,ioment  on  a  column  is  caused 
by  the  column  load,  or  a  part  of  it,  lieing  applied  away  from  the  axis  of  the  column,  the  column 
is  said  to  be  eccentrically  loaded.  This  bending  moment  may  be  treated  similar  to  that  caused 
by  transverse  loads,  and  approximate  results  obtained  by  the  use  of  eqs.  (1)  and  (2). 

If  the  entire  bending  moment  is  due  to  eccentric  loading,  theoretically  exact  results  may 
be  obtained  by  the  use  of  the  equation 


in  which  K  =  cos  (28.65 


^: 


A  "^  KI 


0- 


/  =  "j  +  tH  (3) 

Values  of  A'  for  pin  ends  are  given  by  the  curves  in  the 


r  -^AE 
iiagram.  Fig.  110.     If  conditions  are  such  as  to  warrant  the  assumption  of  fixed  ends,  }iL 
nay  be  used  in  determining  the  value  of  ~  to  use  in  Fig.  110. 


'•^        "-|||5---^^ 

^1^^^^^^^       ""--■>, 

■ 

.3 ^^||§^^--S  — 

_a.,__ 

^>^\\N\^  \^    ^. 

^  ■ — 

\^\V\^   ^.     ^^ 

"^^ 

«    '^ A  ^vV  <r ''s     \r  — '^  — 

^s,             ^^\5?         ^ 

•®  ^""=:  "i^siN^^; 

_^           ____.^^___ 

V\\M>    "^v 

^       ■-.                  ^^- 

T                EP^tS^  ^^ 

\           H                        V 

.7  ________  __  ^l^-N 

V  "^^^     '^N                 """^^ 

±              zt       5S^v^. 

^v    's          ^^^n 

\y                               3ms:5  s: 

^^       \             ^PnT- 

-^  (=;                                 I V  ^  V  ^ 

.     ^       \            tc 

I    -^                                \\\\^ 

^    -K       ^                ^ 

n                              iF      ¥?A^ 

\    ^.        ^J          ^\ 

S  ^  ====  =  =  ±    ==    =   =^^^± 

^^  =  -S  =  =  ^^"^==    = 

a)-^                                          t^^^ 

5^                                                 ^3^ 

^5    ^       3$:..    N^               ^ 

-^                                    r^t-v 

^    >^    V       4?^      ^                  S 

D    .                                                \^^ 

^^    ^       5?3     ^^               "^^ 

>  .4 y^ 

^"^-A-^ir-  -"-"- 

5 

^.  V  5^;^^       ^ 

\ 

^  \^    ^\9    \        ^. 

3                                                   A 

%^  t:^ph     ^^       s 

h\tf^%---^r---K-- 

J^-^^-  -%     ^^   I  ^^  . 

.2 

\vY^.          \        \          N 

a9Ji-V  T     t 

^3^<^\   3      A        s 

1 

WA^  \     >.       .       ^ 

.1 

aC3  X   \     ^       s: 

K\     ^3     3        3           3 
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0  dz                         4= 

zziz.tV^-^zi^EEE^FE 
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80     100    120    140    leo 
Values  ofT 


160    200 


la.  no.— 


Use  for  eccentrically  loaded  columns  with  pin  ends.     For  columns  with  fixed  ends  use  3-2^  in  deter- 
mining —  • 


The  radius  of  gyration  should  be  taken  about  an  axis  normal  to  tlie  plane  of  bending.  This 
ay  not  give  the  greatest  value  of  -  which  should  be  used  in  the  column  formula  for  determining 
le  allowed  unit  stress. 

Illustrative  Problem, — Fig.  Ill  shows  a  building  column  to  which  floor  beams  are  connected  unsymmetrically, 
..using  an  eccentric  load  on  the  column.  If  the  beams  are  riveted  to  the  column  in  addition  to  resting  on  shelf 
igles,  it  is  safe  to  assume  that  the  load  is  applied  at  the  face  of  the  column.  The  deflection  of  the  shelf  angla 
uld  probably  be  sufficient  to  bring  the  center  of  pressure  very  near  to  the  face  of  the  column  in  any  case. 

The  total  load,  P  =  90,000  +  32,000  +  32,000  +  40,000  =  194,000  lb. 

The  bending  moment,  M  =  (40,000)  (5K)   =  235,000  in. -lb. 
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From  equation  (2) 


From  equation  (3) 


/  = 


(235.000)(5.875) 

499.0 
10,210  +  2760  =  12,970  lb.  per  sq.  in. 

194.000 (235.000)  (5.875) 

1900  Ar^nr.        (194  000X16)2(12)2 


(10)(30, 000,000) 
=  10,210  +  2900  =   13,110  lb.  per  sq.  in. 


5713  =  =^« 

0.935  (from  Fig.  110) 

194.000        (235,000)  (5.875) 


19.00      '      (0.935)(499.0) 
=  10,210  +  2960  =  13,170  lb.  per  sq.  in. 
Illustrative  Problem. — A  wooden  column  12  in.  square  supports  a  concentric  load  of 
70,000  lb.  and  an  eccentric  load  of  15,000  lb.  acting  at  4  in.  from  the  face  of  the  column. 
Compute  the  maximum  stress  on  the  column. 

The  total  load,  P  =  70,000  +  15,000  =  85,000  lb. 
The  bending  moment,  M  =   (15.000)  (10)   =  150,000  in. -lb. 
Fig.    111.  From  equation  (1) 

^  85,000        (150,000)(6)  _ 
•^  144      "^  1728 

=  590  +  520  =  1110  lb.  per  sq.  in. 

Since  the  value  of  -7  is  usually  small  for  wooden  columns,  the  value  of  /,  if  computed  by  eqs.  (2)  and  (3), 
will  be  practically  the  same  as  obtained  above.     This  indicates  that  the  deflection  is  small. 

BENDING  AND  DIRECT  STRESS— CONCRETE  AND  REINFORCED   CONCRETE 

By  George  A.  Hool 

103.  Theory  in  General. — If  a  beam  is  acted  upon  by  forces  which  are  all  normal  to  its , 
length,  then  the  stresses  resulting  are  due  to  simple  bending.  If,  however,  any  of  the  forces 
acting  throughout  the  length  of  a  beam  be  inclined,  or  if  additional  forces  be  applied  at  the  ends, 
then  our  beam  formulas  for  simple  bending  will  not  apply.  Likewise,  in  columns,  if  the  load 
b)e  eccentrically  applied  or  if  lateral  pressure  be  exerted,  both  bending  and  direct  stresses  will 
result  and  the  ordinary  column  formulas  cannot  be  used  except  to  give  approximate  results  whem 
the  amount  of  bending  is  small. 

The  same  combination  of  stresses  occurs  also  in  arch  rings  and  may  occur  in  special  cases. 
The  formulas  to  be  derived  can  be  employed  in  any  type  of  reinforced-concrete  structure 
provided  the  normal  component  of  the  resultant  thrust  on  the  given  section  acts  with  a  lever 
arm  about  the  center  of  gravity  of  the  section.  In  long  beams  and  columns,  the  deflection- 
resulting  from  flexure  should  be  given  consideration  when  determining  the  eccentricity  of  the 
axial  and  inclined  forces. 

Let  us  first  consider  structures  of  plain  concrete.     The  dis-  ^ 

tribution  of  pressure  on  any  section  due  to  a  resultant  pressure 
acting  at  different  points  will  be  explained.  Consider  a  section 
represented  in  projection  by  EF,  Fig.  112.  When  the  resultant 
R  acts  at  the  center  of  gravity  O,  the  intensity  of  stress  is  uniform 
over  the  section  and  is  equal  to  the  vertical  component  of  i?  divided 
N 


by  the  area  of  section,  or 


If   R  acts  at  any  other  point,  as  Q, 


and  if  the  projection  of  the  section  is  taken  such  that  the  distance 

Xo  represents  the  true  lever  arm  of  A''  about  the  center  of  gravity,  Fig.  112. 

then  the  force  N  is  equivalent  to  an  equal  A''  at  0  and  a  couple 

whose  moment  is  Nxq.     The  intensity  of  the  uniformly  varying  stress  due  to  this  bending  moment 

at  a  distance  x  from  0  is  (by  the  common  flexure  formula  for  homogeneous  beams)  -^ — 


i 
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hich  /  is  the  moment  of  inertia  of  the  section  about  an  axis  through  0  at  right  angles  to  the 


jilime  of  the  paper.     At  the  edges  E  and  F  this  intensity  = 


NxoXi 


Regarding  compressive 


fc 

N      Nx,xi 
~  A^      I 

u 

N       Nxoxi 
A           I 

and  tensile  stresses  as  positive  and  negative  respectively,  the  intensity  of  stress  at  edge  E  is 
At  edge  F  it  is 


If  the  stress  //  comes  out  minus,  the  value  obtained  is  the  maximum  tension  as  shown  in  Fig- 
113.  In  plain  concrete  construction  a  greater  tension  than  about  50  lb.  per  sq.  in.  should  not 
be  allowed. 

When  we  come  to  reinforced  concrete,  which  is  composed  of  two  materials  (concrete  and 
steel)  with  different  values  of  E,  then  the  steel  area  at  any  given  cross  section  may  be  replaced 
by  an  area  of  concrete  equal  to  n  times  the  area  of  the  steel,  placed  in  the  plane  of  the  steel 
reinforcement.  This  section  may  be  called  the  transformed  section,  or  section  of  concrete 
theoretically  equivalent  in  resistance  to  the  actual 
section.  Under  this  heading  rectangular  sections  only 
will  be  considered  and  Fig.  114  represents  a  transformed 
section  as  referred  to  above. 

Thus,  if  Ac  is  the  area  of  the  concrete,  and  Ao  is  the 
irea  of  the  steel  =  As  +  A';  then  the  equivalent  area 
A  =  Ac  +  n.4u  =  bt+  niAs  +  A') 


Fig.   114. 

If  Ic  is  the  moment  of  inertia  of  the  concrete  about  the  gravity  axis,  and  Is  is  the  moment  of 
lertia  of  the  steel  about  the  same  axis,  then 

/  =  /,  +  nL 
id 

ifc )  ^         N         (  +  )     Nxoxi 
ifc')       Ac  +  nAo  {  -  )  le  +  nh 

A  A' 

If  we  denote  p  and  p'  by  ^  and  vr  respectively,  then  the  distance  from  the  face  most 

ighly  stressed  to  the  center  of  gravity  of  the  transformed  section  is  (by  moments) 
(0    ,       .    ,    ,       .,„  hi-' 


bt~  +  nAsd  +  nA'd' 


+  nAsd  +  nA'd' 


bt 


t/2  +  npd  +  np'd' 
1  +  np  +  np' 


n{As  +  A') 

Ic  =  HbW  +  Vabit  -  uy  =  ^lu'  +  {t  -  uy^ 
Is  =  Asid  -  m)2  +  A'{u  -  d'Y 
I  =  Ic  +  nis  =  ^\u'  +  (t-  li)^]  +  nAsid  -  uY  +  nA'{u  -  d'Y 


If  the  reinforcement  is  symmetrical,  then  u 


and 


/  =  K2&<'  +  2nAs{y2t  -  d'Y  =  yi2bt^  +  2npbt  {}>^t   -  d'Y 
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Since,  A  =  bt  +  niA,  +  A')  =  hi  +  2nht(p  +  p') 
(/.)  N  (+) 

^^''^  ^  bt  +  nfuip  +yj  (-)  H^ld^~^f2npfMHi~^^^'' 


Nxo-^ 


d' 


104.  Compression  Ovei  the  Whole  Section  (Case  I). — The  formulas  developed  in  pre- 
ceding article  apply  when  the  stress  is  either  compression  over  the  entire  section,  or  when 

there  is  compression  over  a  portion  of  the  section  with  a  tension 
over  the  remainder  not  exceeding  the  allowable  tensile  stress  in 
the  concrete.  The  formulas  we  shall  use  will  apply  to  rec- 
tangular sections  with  symmetrical  reinforcement  and  are  given 
in  the  following  form  for  convenience,  letting  po  denote  the 
quantity  p  -\-p': 

t 
'■=   2 

(/,)  ^ivr     1      (+)      6xo<      1  (1) 

(//)       U  l\  +  np^  {-)  f'  +  12npoH  (2) 

By  referring  to  Fig.  115  it  will  be  clear  that  the  stress  in  the 
steel  is  always  less  than  n  X  fc',  thus,  if  fc  is  kept  within  its 
allowable  value,  the  steel  is  sure  to  be  safely  stressed. 

Eq.  2  gives  a  means  of  determining  the  eccentricity  of  the 
resultant  force,  or  Xo,  for  which  there  can  be  neither  tension  nor 
compression  at  the  surface  opposite  to  that  near  which  the 
thrust  acts.  To  obtain  the  value  of  Xo  which  gives  a  zero  value 
to  fc',  equate  the  two  terms  within  the  brackets,  and  solve. 
1  Gxot 


Xo 


1  +  n{p  +  p') 
<2  +  24npr2        1 


P  +  12npor^ 


1  +nip  +  p') 


If  n  is  assumed  to  be  15,  and,  if  the  steel  is  embedded  in  the  concrete  one-tenth  of  th( 
total  depth  from  each  surface  so  that  2r  =  ji,t,  eq.  (3)  becomes 

a;o  _  1  +  28.8po 


If  the  values  n 


i  6  +  90po 

15  and  2r  =  f^t  are  substituted  in  eq.  (1),  this  equation  becomes 


fc    = 


N 


[r 


1 


+ 


a^o 


Ull  +  15po    '    t 
or  if  the  expression  in  the  brackets  is  denoted  by  K, 

NK 

bt 


1  +  28.8po 


fc 


1 

(5) 


(6) 


Diagrams  1  to  3  inclusive  give  values  of  K  for  various  values  of  po,  7*  and  y  and  foi 


n  =  15.      The  termination  of  the  curves  are  determined  in  Diagram  2  bj^  eq.  (4)  and  in  the  othei 

diagrams  by  similar  equations.     For  greater  values  of  —•  Case  1  does  not  apply;  that  is,  then 

is  tension  in  the  concrete  and  Case  II  must  be  employed. 

105.  Tension  Over  Part  of  Section  (Case  II). — It  will  be  on  the  safe  side  and  convenien 
as  regards  the  construction  of  working  diagrams  to  consider  that,  when  any  tension  exists  ii 
the  concrete,  the  steel  carries  all  tensile  stresses.  In  this  case  there  are  three  unit  stresse 
to  be  determined:  namely,  maximum  unit  compression  in  concrete  J^,  maximum  unit  compres 
sion  in  steel//,  and  maximum  unit  tension  in  steel /s.  The  general  formulas  developed  in  Artj 
103  are  not  applicable  to  this  case  and  the  following  method  may  be  used : 
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> 

O  i 

o  Ji 

5  -^ 

m  ^ 

H  -d 

K  C 

O  i-H 

O  II 

I  5^ 

f^  ^ 

Eh  tt> 


o          5           <o           ■*          w           c 
o            o              p              o             o             c 

1        S        §        S        g        o 
>        p        p        p        p        " 

■ a 

c 

^    ^    s    sN,^^5    S    v^^^ 

5^si^^\S^^\s^z,'?\s^S5:5- 

^'^^^^^^n^^^^n'SS^^^ 

wyM 

:5  5  N   s  5   s^z^:^   5;^ 

^^^     0^\'^^S^^§^\^'^^ 

s  s   s_^^^   ^^j  s 

^J\^JS^^^^vJ!S^^v^^^! 

-^r^c^r'^c^-^-^-^s^v^- 

S^N^sSl^^^vS^^^xS^^* 

'^;;S^^^^^^^^^'^^s^^^ 

^S^^^^^^^V^^vN^^^^N^ 

v^^^^^N^^^S^^r^S^N 

-s^N^cN^r^^^S's^'^rv^  . 

^s;-s-s-'^^^-^^s^5^x^ 

^^^^S^v^'^^^'^C^SS^^^. 

v^     S     S     ^     S     S     ^.     s^^v^ 

^Sv^^s^^.^\^i:.v^v\S^r^ 

^^^^s  s  s^NN^^ 

^v^C^^eN^^N^N^r^^N^ 

^-^z"^v^^^   s^^^^^z^^ 

5^s^z^^s:N^i:^^y^^^^s;S' 

v^^^^N^NN   s^s^:^^ 

s;^^^s!!^s^^^.^^S^e^^ ' 

^^-s-s-^-^Js-^r^N3s 

^s^^^^Js^z^^^^^Js^^^^ 

s^^^^s'^'v^^^  NN^>.^^ 

^c^r^-s^c-^^i^^Ss^^^s 

^^^    :^    5    S^J^^^J    S 

s^^^."^Js^.,s'^.:s^^^'^^s 

'^    ^^     s.     5     S     ^    X*/S    ^     S 

^^^^^^x^^ivs^S^^vS^ 

"s   ^    ^v^    ■s    's   X  "i;    "s 

i^^v^^S^v,^Z^\>^\^^v^ 

^.^^N^V^^^^S^^^S^c^ 

s^c^N^s'^S^^s^^s^'^Ss 

^   5^:5^   s-^^s   s^s   s 

^SS^^S     S^5^'^^S"^5^ 

^^       iv        ^.^^^^       N       S       S        S 

^v^     ^^^C<-s.^     S^^s     S 

V          \\^        \        V.^S     ""^^V   1^    S 

S     ^v^     "^^^^^v     N^^ 

i^     s.     v^v  ^^S^\.^^^^.^s2>^ 

>        S        ^^        i^        ^^^v^^X        i>.        iv^ 

^V^^^^S^^Kc^^N^^^^ 

J     V         N^     ^      ^,  ^S,^^ 

^i^S-^^^S^^v^^'^S^"* 

:isSs.^v^^:^s^>^^.^^S^ 

"N- ^=:^^  ~^  v^^  -  "^~  "^  "^r  ^  s: 

^*^^v^     "^     ^^^v^s 

:^     ^     2v,     X     V     N-S^ss^s-^i^vS 

„,.  ^^>^  .^^>.,^    s-^^v^y 

^^i>.^^«..^>^^^S^^^^v 

S^^^^^^v^-^S^v^VZ^S,^ 
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!S^      SI^5s  N^^^^^'^^s.^^S 
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i              V         ^^.        :^        ^s..        is        ^-^Sr^ 

:v    5>,     S^S     :i>^:s^v^^==^     ".-S 

S                    5^             ^>.^            ^>.            :S,            ^^^K^^ 

^SsS^^ivSs^^V^r^^^Sr 

s^     ==.    ^^     ^^^x^^^^^^ 
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V^S^Ss^'^^Sj^^vis^s,^!^!^ 

>          ^-^        ^V          "^        ^-v^         ^«.          --^ 

5s     S^^^5^^^SI^i.^^s.SI^ 

i        i^     ^x    ^.^    :^    ^v.    ii    ^^ 

v^     "v^S^S^^^S^i^     is^w-S 

s^^^^^^^s,      ^^^^      S^^^s. 

^^     ^^^^^t^^^^^%^«. 

^^     ^^^        i^     ^^    :^    ^^^ 

>*        ^5.       ^       '^^^^^^^^^^bv       •^s^ 

s      ^       ^^      "^^      S      ^^      N,^^. 

^^^^^^^^>^^s.>v^^^S 

3^^^^^       ^S.      ^^^      ^^^ 
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'^v.       ^S.       ^^        ^^       S       ^IS.       ^^^ 

^             \           ^          ^^-vS^S^VS.^ 

•^             V             X             s         *^             X 

5x^^'^*^Ns,isiv^S=s'^ 

S             '^»-        ^^         S              5v        ^^,        ^^ 

^         S^         ^S,         ^^         "^^         ih         ^S^         "^^ 

^*.      "x      ^s.      \      \     \      \     ^ 

5   >,        ^>^         Nv         ^=v        ^>^        ^^^V         ^ 

^     ^     '^^^     !s     ''^     ■^^'^     5    S 

j'^          N           55^'i>^■i^>       "•  sJ-/S  ^ 

^'^"^^,^^5;^^^^^,"^^'=:;: 
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V^^^N        iv        ^,^^^^        N        S^ 
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V      ^^      i^^^^»>^*.^      5v^s, 
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«.^      ^^^^^-^^      V      5^^^ 

*V^        ^s.        ^Vi        ^..        ^=v,        ^^        il 

i.    ^.-    i^     ^.^^i^^Z^s^ii^S 

5      ^^           V          i*^^>s          i>^^b^      ^ 

^     ^^^s.    "==^^^^^^^5^"^^ 

«-                S,                 '^.^          ^>,Ca>.^         "^^         55. 
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^^^-          ^^^          "^^^^^ 
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Referring  to  Fig.  116,  it  follows  that 

//    =  nU  I  1 


kt) 


<oM 


and 


^-'*(s-') 


Since  the  resultant  fiber  stress  equals  A'^ 
^  ^  llvM    ,  JchU  _  f/pM 
2      "*"     2  2 

Eliminating  //  and  /»  by  means  of  eq.  (7)  and  (8) 
^  _  fM      A-2  +  2npok  —  npo 

~y         k        ■ 

_fcbt  ,  fc^  +  2nkpo  —  npo 

~    2  k 

The  moment  of  the  stresses  about  the  gravity  axis,  eliminating/, 
and  /s  as  before,  is 


or,  if  the  quantity  within  the  brackets  is  designated  by  L,  then 

M 


M  =  Jckr-L,  or  Jc 


Lbt^ 


(10! 


(11 


The  position  of  the  neutral  axis  must  be  determined  before  eq.  (11)  can  be  used.  Sine 
Nxo  =  M,  we  may  multiply  eq.  (9)  by  xq  and  equate  it  to  eq.  (10).  Proceeding  in  this  mannc 
the  following  equation  results 

fc3  _-3  (^y^  _  ^oj  /,2  +  6n/a  ^°    =  3«po  (y"  +  2^^  (12  « 

Diagrams  4,  5  and  6,  based  on  eq.  (12),  give  values  of  k  for  various  values  of  po,  -j  •  and- 

and  for  n  =  15.     Diagram  7  gives  values  of  L. 

The  method  of  procedure  in  solving  problems  under  Case  II  is  as  follows:  (1)  Determine  i 
from  the  proper  diagram;  (2)  find  L  from  Diagram  7;  (3)  solve  eq.  (11)  for  J^;  (4)  find  unr^ 
stresses  in  the  steel  from  eqs.  (7)  and  (8). 

Illustrative  Problem. — A  beam  is  9  in.  wide  and  20  in.  deep.  The  reinforcement  both  above  and  belo 
consists  of  one  steel  rod  1  in.  in  diameter  embedded  at  a  depth  of  2  in.  At  a  certain  section,  the  normal  componer 
of  the  resultant  force  is  60,000  lb.,  acting  at  a  distance  of  3.4  in.  from  the  gravity  axis.  Assume  n  =  15.  Computi 
the  maximum  unit  compressive  stress  in  the  concrete. 

.4,  +  A'       (2)  (0.7854) 


po 


bt 


(9)  (20) 
3.4 


0.0087 


For  these   values  of  po  and 
Then  by  eq.  (6) 


t         20 
Diagram   2  gives  K  -■ 


=  0.17 

=   1.70  and  shows  that  the  problem  falls  under  Case 


/= 


NK 

hi 


(60,000)(1.70) 


=  507  lb.  per  sq.  in. 


(9) (20) 

Illustrative  Problem. — Change  the  eccentricity  of  the  preceding  problem  to  G  in.  and  solve. 

xo        6 


For  Po 


t        20 
0.0087  and—   =  0.30,  Diagram  2  shows  that 


=  0.30 


I 


is  too  great  for  the  problem  to  come  under  Cas 


The  method  of  procedure  for  Case  II  must  tlien  be  followed. 

TO 

Diagram  5  gives  k  =  0.73  for  the  values  of  />o  and  -  given  above.      With  k  =  0.73  and  po  =  0.0087,  Diagrai 


7  shows  L  to  be  0.123.      Solving  equation  (11) 

M    _      r60,000)(6) 
Lhf^  ~  (0.123)(9)(20)2 


/«  = 


=  815  lb.  per  sq.  in. 
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he  stress  /,'  may  bo  found  by  eq.  (7)  but  is.  always  less  than  n  X  fc. 

UNSYMMETRICAL  BENDING 

Bv    W.    S.    KiNNE 

In  certain  types  of  construction  it  is  found  necessary  to  place  beam  sections  with  their  axes 
f  symmetry  at  an  angle  to  the  plane  of  loading,  as  shown  in  Fig.  117.  For  the  conditions  shown. 
18  principal  a.\es  of 

/^/a^e  of/oac//ng. 


P/ane  of/oaciing 
I 


axes-:: 


Fig.   117. 


18  section  and  the 
ane  of  loading  do  not 
)incide,  as  assumed 
the  cases  considered 
the  preceding  chap- 
rs.  Bending  of  the 
iture  shown  in  Fig. 
.7  is  known  as 
isymmetrical  bend- 
The  brief  treat- 
ent  of  the  subject  given  in  this  chapter  is  confined  to  cases  of  pure  bending  only. 

106.  General  Formulas  for  Fiber  Stress  and  Position  of  Neutral  Axis  for  Unsymmetrical 
inding.— The  full  line  rectangle  of  Fig.  118  shows  a  right  section  of  a  straight  beam  of  uniform 
OSS  section  subjected  to  a  bending  moment  M  acting  in  a  plane  which  passes  through  the 
igitudinal  axis  of  the  beam,  making  an  angle  6  with  OX,  one  of  the  principal  axes  of  the 
3tion.  In  the  work  to  follow,  point  0  will  be  taken  as  the  origin  of  coordinates,  and 
principal  axes  of  the  section,  OX  and  OF  of  Fig.  118,  will  be  taken  as  the  coordinate  axes, 
the  formulas  are  greatly  simplified  thereby,  the  properties  of  the  section  will  be  referred  to 
principal  axes.  These  quantities  are  given  directly  or  are  easily  calculated  from  data 
ren  m  any  of  the  structural  steel  handbooks. 

Let  n-n  of  Fig.  118  (a)  represent  the 

position  of  the  neutral  axis  of  the  assumed 

section  for  the  given  plane  of  loading,  and 

L(^      .(\Y--^  \/J  '  ^^*  "^  ^^  ^^^  angle  which  the  neutral  axis 

y?!^  :^/\  ,_^  'XxIJ^-^JU-Uni^  makes  with  OX.     Angle  a  and  also  angle  6 

\    \  a    \  Z '—'^  _        \     Vl        X  ,^i^fO^(^^    are   to  be  considered  as  positive  when 

measured  in  a  counter  clockwise  direction. 
Fig.  118  (6)  shows  the  fiber  stress  con- 
ditions on  a  line  at  right  angles  to  the 
neutral  axis,  assummg  linear  distribution 
of  stress. 

Let  P,  Fig.   118  (o),  be  any  fiber  of 

infinitely  small  area  a  at  a  distance  v  from 

the     neutral    axis.     Assuming     positive 

Fig.  118.  (clockwise)    moment,    the    intensity    of 

fiber  stress  atP  is/  =  —f^v,  where /j  is 
fiber  stress  intensity  at  unit  distance  from  the  neutral  axis.  The  minus  sign  indicates 
impression,  for,  as  shown  in  Fig.  118,  the  fil)er  under  consideration  is  above  the  neutral 
as. 

The  moment  of  resistance  of  the  section,  which  is  equal  to  the  stress  on  each  fiber  multi- 
Pd  by  its  distance  from  the  neutral  axis  is  Mr  =  Zfiav^-,  where  S  represents  the  summation 
f(  the  entire  rectangle.     But  ^av^  is  the  moment  of  inertia  of  the  section  about  the  neutral 


i 
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axis  (see  Art.  (Ur),  which  will  be  denoted  by  /„.      With  this  notation,  Mr  =  /i/„.     Substitutin 
for  /i  its  value .  we  have 

Since  the  beam  is  in  equilibrium,  the  moments  of  internal  and  external  forces  at  any  se. 
tion  must  be  equal.  Taking  the  neutral  axis  as  the  axis  of  moments,  the  external  moment  in 
plane  perpendicular  to  the  neutral  axis  is  M  sin  {e  -a).  The  moment  of  internal  forces 
the  resisting  moment  of  the  section,  which  is  given  above  as  Mr  =    -  -/„•    Equating  the 

two  expressions 

,,  ?)  sin  (0  —  a) 
/  =  -  M '-J 

■I  n 

This  expression  can  be  placed  in  a  more  convenient  form  by  referring  both  v  and  7„  to  t 
principal  axes  of  the  section.     From  Fig.  118  (a),  ^  =  y  cos  a  -  x  sin  a.       Values  of  x  ai 
y  are  positive  when  measured  upward  and  to  the  right.     In  treatises  on  Mechanics  it  is  sho\ 
that  in  terms  of  the  principal  moments  of  inertia  of  the  section,  /;,  and  7„.  the  moment 
inertia  about  the  neutral  axis  is  /„  =  h  cos^a  +  /,  sin^  «.     Substituting  these  values  in  t 

general  equation  given  above 

{y  cos  a  —  a;  sin  a)  sin  {0  —  a) 
J   =   -  ^  (/^  cos2  a  +  ly  sin2  a) 

To  determine  the  relation  between  the  angles  a  and  6>,  a  summation  of  external  momeil 
about  any  two  axes  will  yield  two  independent  equations  from  which  the  desired  relation  c 
be  obtained.     Two  convenient  axes  are  OX  and  OY,  the  principal  axes  of  the  section. 
For  axis  OX,  using  the  value  of  v  given  above, 

ikf  sin  ^  =  S  /i  avy  =  S  /i  (y'^cos  a  -  xy  sin  a)  a 
But  S  ay^  is  the  moment  of  inertia  of  the  section  about  the  axis  OX,  which  is  denoted  by 
and  S  axy  is  the  product  of  inertia  of  the  section,  which  is  zero  for  principal  axes.     Then, 

M  sin  a  =  /i  h  cos  a 
In  the  same  way,  for  axis  OY, 

M  cose  =   -  /i  ly  sin  a 

-Solving  these  equations  for  «,  we  have 

tan  a  =   —  -^  cot  fl 
•' i/ 
which  is  the  general  equation  for  direction  of  the  neutral  axis  for  bending  in  any  given  directi 
Substituting  the  value  of  a,  as  given  by  eq.  (1),  in  the  above  expression  for  /,  we  h: 

,T  /lyV  sin  0  +  IxX  cos  e\ 

f--^[- IJ, ) 

which  is  the  general  expression  for  fiber  stress  at  any  point  in  a  section  of  a  beam  due  to  a  il 
ment  M  acting  in  a  plane  at  an  angle  6  to  the  axis  OX.     This  equation  can  be  made  to  apl 
to  any  particular  point,  as  A,  Fig.  118  (a),  an  extreme  point  of  the  section,  by  substituting 
x  and  y  the  coordinates  of  the  point  in  question.     Let  these  coordinates  be  Xa  and  Va,  and 

/a  be  the  resulting  fiber  stress.     Then 

_  ^  /lyyA  sin  e  +  hxA  cos  e\ 

\  i  li  y  I 

Since  in  eqs.  (1)  and  (2),  Xa,  1/a,  /x,  and  7,  are  constants  for  any  given  point  in  a  iv 
section  it  follows  that  the  direction  of  the  neutral  axis  and  the  intensity  of  the  stress  are  depo 
ent  upon  the  value  of  9.  For  Q  =  90  deg.,  eq.  (2)  becomes /.i  =  -  MyA/h,  and  eq.  (1)  becon 
tan  a  =  0,  or,  a  =  0  deg.  Again,  for  ^  =  0  deg.,  eq.  (2)  becomes,  /a  =  -MxA/Iy,  and  eq. 
becomes,  tan  a  =  infinite,  or,  a  =  90  deg. 

It  will  be  noted  that  these  special  values  of  fiber  stress  are  of  the  form  given  in  Sect.  1, 1 
61c  that  is  f  =  M  (c/I),  where  I/c  is  known  as  the  section  modulus  of  the  section.  Also,  the  neul 
axis  in  each  case  is  perpendicular  to  the  plane  of  loading.  This  condition  holds  true  only  wl 
the  plane  of  loading  coincides  with  one  of  the  principal  axes  of  the  section,  at  which  tinie>    j^^ 
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other  principal  axis  is  the  neutral  axis,  a  fact  which  can  I)e  verified  by  a  study  of  the  values  of 
a  ti;iven  above. 

Eq.  (2)  can  also  be  written  in  the  form 


/a 


=  -[ 


{M  sin  0)  ^  +  {M  cos  of''] 


(3) 


As  shown  by  the  substitutions  made  above,  this  expression  is  the  sum  of  two  quantities  ob- 
tained by  resolving  the  bending  moment  into  its  components  parallel  to  the  principal  axes  of  the 
jection.  Then  by  adding  the  fiber  stresses  due  to  these  component  moments,  there  is  obtained 
m  expression  identical  to  eq.  (3),  and  on  transformation,  to  eq.  (2).  This  offers  a  simple  and 
jasily  remembered  method  for  the  calculation  of  fiber  stresses  due  to  unsymmetrical  bending. 

107.  Flexural  Modulus. — In  Sect.  1,  Art.  61c,  it  is  shown  that  for  bending  in  the  plane  of  a 
jrincipal  axis,  the  fiber  stress  in  a  beam  is  given  by  an  expression  of  the  form 

vhere  for  any  given  section  //c  is  a  constant  quantity  known  as  the  section  modulus. 

In  eq.  (2),  the  reciprocal  of  the  expression  in  parenthesis  is  seen  to  be  a  quantity  of  the  same 
limensions  as  the  section  modulus,  but  more  general  in  nature,  as  it  involves  planes  of  loading 
)ther  than  the  principal  axes.     Let  S  denote  this  quantity.     Then 

/  =  M/S  (4) 

isrhere 


S  = 

I yijA  sin  d  +  IxXa  cos  d 

The  expression  of  eq.  (5)  is  known  as  i\\e  flexural  modulus  of  the  section 
ion  of  loading  and  for  any  given  point  in  a  section,  5  is  a  constant. 
J  for  any  given  conditions,  the  resulting  fiber  stress  is 
btained  by  substitution  in  eq.  (4). 

108.  The  S-line. — For  any  p>oint  in  a  given  section, 
he  value  of  S  as  given  by  eq.  (5),  gives  a  measure  of  the 
trength  of  the  section  for  bending  in  any  direction. 

From  Analytical  Geometry  it  can  be  shown  that  eq. 
5)  is  in  the  form  of  the  polar  equation  of  a  straight  line. 
V  convenient  graphical  representation  of  the  variation  in 
lexural  modulus  for  various  planes  of  bending  is  thus 
eadily  obtained.  In  Fig.  119,  the  line  C-D  shows  the 
ariation  in  flexural  modulus  for  point  A,  one  of  the  corners 
f  a  rectangular  section.  This  is  known  as  an  S-line  of 
he  section.  The  vector  OE  shows  the  value  of  Sa  for 
ending  moment  at  an  angle  d  to  OX,  one  of  the  principal 
xes  of  the  section. 

It  will  be  found  convenient  to  express  the  equation 
f  the  S-line  in  terms  of  rectangular  coordinates.     li  y  =  S 
in  e  and  x  =  S  cos  0  be  placed  in  eq.  (5),  we  have 
Tx  xa         ,    / 


(5) 

For  any  given  direc- 
Having  given  the  value  of 


y  =  - 


X  + 

ly VA  Va 


(6) 


Fig.    119. 


thich  is  the  slope  form  of  the  equation  of  the  S-line  for 
oint  A,  Fig.  119. 

109.  S-polygons. — Every  extreme  point  or  corner  of 
section  is  liable  to  become,  at  some  time,  a  point  of  max- 
num  stress.     In  order  to  determine  graphically  which  of 
Jveral  extreme  points  is  the  one  having  maximum  stress,  it  is  necessary  to  plot  the  S-lines  for 
II  such  points.     In  this  way  the  values  of  S  for  the  several  points  can  be  compared. 

In  Fig.   119,  the  line  F-G  represents  the  S-line  for  point  B.     The  equation  for  this  line  is 
milar  to  that  for  point  A,  and  can  be  obtained  from  eq.  (6)  by  substituting  .t«  and  ys,  the 
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coordinates  of  B,  in  place  of  the  corresponding  values  for  A. 

I 

y 


ly  Vb  Vb 


Thus  the  required  equation  L 

(7 

As  before,  the  vector  OK  represents  the  value  of  Sb  for  bending  at  an  angle  d  to  OX 
Eq.  (4)  shows  that  the  point  of  greatest  stress  is  the  one  with  the  least  S.  Since  vector  OE  ii 
smaller  than  OK,  fiber  A  has  a  gi'eater  stress  than  fiber  B  for  the  given  plane  of  bending. 

Equations  similar  to  eqs.  (6)  and  (7)  can  be  made  up  for  each  extreme  point  of  the  section 
If  all  these  S-lines  are  plotted  in  Fig.  119,  they  will  enclose  a  figure  known  as  an  S-polygon 
Examples  of  S-polygons  are  given  in  Art.  110. 

S-polygons  can  be  constructed  by  two  different  methods.  One  method  of  constructio) 
is  carried  out  by  plotting  the  S-lines,  as  given  by  equations  similar  to  eqs.  (6)  and  (7).  Th 
S-lines  for  adjacent  points  of  the  section  are  run  to  an  intersection,  and  the  resulting  enclose< 
figure  will  form  the  desired  S-polygon.  Another  and  better  method  locates  the  coordinates  o 
the  points  of  intersection  of  adjacent  S-lines  by  the  methods  of  Analytical  Geometry.  This  i 
done  by  solving  simultaneously  equations  such  as  eqs.  (6)  and  (7)  for  adjacent  extreme  point 
of  the  section.  This  process  is  repeated  for  each  pair  of  adjacent  points  of  the  section.  Th 
resulting  coordinates  are  plotted  and  connected  up  to  form  the  complete  S-polygon.  Thi 
latter  method,  which  is  the  one  used  in  the  work  to  follow,  will  now  be  explained  in  detail. 

To  determine  the  coordinates  of  the  intersection  of  the  S-lines  for  points  A  and  B  of  Fig 
119,  the  equations  for  these  lines,  as  given  by  eqs.  (6)  and  (7),  are  to  be  solved  simultaneouslj 
Let  Xab  and  yab  be  the  coordinates  of  the  point  of  intersection — that  is,  the  values  of  x  and 
common  to  the  two  equations.     Then 

h  (Vb  -  Va) 


Xab 


Vab 


^xaVb  —  xbVa 

hiXA    —   Xb) 


XaIJB    —    XBtjA 

Similar  values  for  pairs  of  adjacent  extreme  points  will  differ  only  in  the  subscripts  of  x  and  ; 
The  resulting  values,  when  plotted  and  connected  up,  will  form  the  desired  S-polygon. 

Eqs.  (8)  and  (9)  give  general  values  for  the  coordinates  of  points  of  intersection  of  S-line 
Under  certain  conditions  these  equations  take  on  a  much  simpler  form.     As  shown  in  Fig.  11 
extreme  points  A  and  B  form  an  edge  which  is  parallel  to  the  axis  OY,  and  x a  —  xb  —  d- 
these  values  be  placed  in  eqs.  (8)  and  (9),  the  resulting  equations  are 

Xab  =  ly/d  (11* 

and 

yab  =0  (1 

For  two  adjacent  points,  as  A  and  N  of  Fig.  119,  which  form  a  side  parallel  to  the  OX  axi:« 
Va  =  Vn  =  c,  and  eqs.  (8)  and  (9)  become 

Xa„=0  (II 

and 

yan=    Jx  /C  {I- 

In  cases  where  S-polygons  are  to  be  determined  for  sectioi ' 
which  are  irregular  in  outline,  as  shown  in  Fig.  120,  where  some 
the  sides  of  the  section  are  not  parallel  to  the  principal  axes,  0 
and  OY,  eqs.  (8)  and  (9)  must  be  used  in  the  determination  of  tl' 
coordinates  of  the  S-polygon.     It  is  possible,  however,  to  malt  «; 
use  of  certain  short  cuts  which  will  greatly  simplify  the  calculation) 
This  is  done  by  revolving  the  axes  of  reference  for  coordinates 
extreme  points  through  such  an  angle  that  the  side  in  questit 
and  the  axes  of  reference  will  be  parallel. 

Suppose  that  the  coordinates  of  the  intersection  points  of  tlj 
Fig.  120.  S-lines  for  adjacent  points  5  and  Cof  Fig.  120  are  required.     Choaf 

a  set  of  coordinate  axes  OU  and  OV,  such  that  OV  is  parallel  to  the  side  C-B.     Let  4>  be  tlj 
angle  which  OU  makes  with  OX,  a  principal  axis  of  the  section.     This  angle  is  to  be  coi| 
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dered  as  positive  when  measured  counter-clockwise.  If  x  and  ij  be  the  coordinates  of  any 
oint  P  with  respect  to  the  OX  and  OY  axes,  and  u  and  v  be  the  coordinates  of  the  same 
oint  with  respect  to  the  OU  and  OV  axes,  it  can  be  shown  from  Fig.  120  that 

y  =  V  cos  <^  +  n  sin  <f> 
Ind 

X  =  u  cos  (j)  —  V  sin  0 

these  equations  u  and  v  are  considered  positive  when  measured  upward  and  to  the  right 
ith  respect  to  the  axes  OU  and  OV. 

Substituting  in  eqs.  (8)  and  (9)  values  of  x  and  y  as  given  by  the  above  equations,  using 
ibscripts  to  correspond  to  the  point  in  question,  we  have 

_  lylJUB    —  Uc)s\n    <l>   +   (Vb    —  Vc)    COS  (j)] 
{UcVb    —   UbVc) 

lid 

Jx[{vb  —  Vc)s\n  <t>  -\-  {Uc  —  ub)cos  (t>] 

Vbc    ^   

(UcVB    —   UbVc) 

nee  the  angle  4>  was  so  chosen  that  OF  is  parallel  to  side  B-C,  we  have  Ub  =  «<•  =  b,  as  shown 
Fig.  120.     Substituting  these  values  in  the  above  equations,  we  have 

ly    cos  (j> 


(14) 


.  using  eq.  (14)  it  is  to  be  noted  that  the  coordinates  Xbc  and  ybc  are  referred  to  the  principal 
es  of  the  section,  for  in  deriving  the  equations  given  above,  only  the  coordinates  of  the  extreme 
)ints  of  the  section  were  referred  to  the  axes  OU  and  OV. 

In  a  like  manner,  the  coordinates  of  the  intersection  point  of  the  S-iines  for  points  D  and 
of  the  edge  D-C,  Fig.  120,  parallel  to  the  OU  axis,  are 

ly  sin  4> 


Vde    =    + 


d 

Ix  cos  <j> 


(15) 


d 
ler e  d  =  vd  =  Vc. 

In  this  discussion  it  has  been  assumed  that  C-B  and  C-D  are  perpendicular  sides.  If 
ey  are  not  perpendicular,  it  will  be  necessary  to  determine  the  proper  value  of  (j>  for  each  side  in 
der  to  obtain  the  desired  results. 

When  a  section  has  a  re-entrant  corner,  such  as  F,  Fig.  120,  it  is  quite  evident  that  for  any 
ren  plane  of  bending  the  fiber  stress  at  F  is  less  than  at  D.  This  is  due  to  the  fact  that  F  is 
arer  the  neutral  axis  for  the  plane  of  bending  than  is  D.  Hence  the  S-line  for  point  D 
s  inside  that  for  point  F,  whose  S-line  will  be  located  entirely  outside  the  S-polygon  for  the 
ition.  It  is  therefore  necessary  to  draw  S-lines  only  for  the  outside  points  of  the  section, 
these  points  will  be  farthest  from  the  successive  positions  of  the  neutral  axis,  and  therefore 
ve  the  least  values  of  flexural  modulus. 


A  simple  and  definite  teat  for  the  determination  of  the  points  for  which  S-lines  need  be  drawn  is  given  by 
ling  a  right  line  around  the  perimeter  of  the  section  for  which  the  S-polygon  is  to  be  drawn.  Since  the  successive 
litions  of  this  rolling  line  are  parallel  to  successive  positions  of  the  neutral  axis  as  the  plane  of  bending  vaiies 
ou^h  all  possible  angles,  it  is  evident  that  the  points  touched  by  this  rolling  line  are  those  farthest  removed 
m  the  neutral  axis-,  and  that  they  are  points  of  possible  maximum  stress.  It  is  to  be  noted  that  in  rolling  around 
jS      section,  the  right  line  will  not  cut  across  the  section,  which  at  once  eliminates  re-entrant  corners. 

For  the  section  of  Fig.  120,  a  line  rolling  as  described  above  will  touch  points  A,  B,  C,  D,  and  E.  The  polygon 
ned  by  connecting  these  points  is  known  as  the  circumscribing  polygon  of  the  section. 

110.  Construction  of  S-polygons. — The  S-polygons  for  a  few  of  the  standard  sections 
id  as  beams  will  now  be  calculated  and  constructed  in  order  to  illustrate  the  principles  set 
th  in  the  preceding  articles. 
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llOtt.  S-polygon  for  a  Rectangle. — The  S-polygoii  for  a  2  X  12-in.  rectangle  will  be  computed  ai 
constructed.  Fig.  121  shows  the  section  with  the  principal  axes  OX  and  OK  in  position.  The  piincipal  mouiei 
of  ineitia  are  Ix  =  2S8  in.^,  and  /j,  =  8  in.<;  and  the  coordinates  of  the  extreme  points  of  the  section,  which 
this  case  are  also  apices  of  the  circumscribing  polygon,  are,  xa  —  +1.  ^4  =  +6;  xb  =  +lt  2/B  =  —  6;  ic  =  — 
Vf.  =   -6;  and,  »£>  =   -  1.  2/^  =   +6. 

Since  the  sides  of  the  rectangle  aie  all  parallel  to  the  principal  axes  of  the  section,  the  coordinates  of  the  api( 
of  the  S-polygon  are  given  by  eqs.  (10)  to  (13).  For  sides  A-B  and  C-D,  which  are  parallel  to  the  OY  axis,  e^ 
(10)  and  (11)  are  to  be  used.  With  ly  =  8  in*.,  and  a  =  xa  =  xb  =  +1,  eq.  (10)  gives,  Xab  =  +8/1  =  - 
in. 3;  and  eq.  (11)  gives,  yab  =  0.  This  apex  of  the  S-polygon  is  located  on  the  OX  axis,  as  shown  in  Fig.  121.  I 
side  D-C  the  substitutions  are  similar  to  those  for  A-B,  differing  only  in  the  signs  of  the  coordinates  of  the  extre: 
points.     It  will  be  found  from  eqs.  (10)  and  (11)  that  xcd  =   —8  in. 3,  and  ycd  —  0. 

Sides  A-D  and  C-B,  which  are  parallel  to  the  OX  axis,  require  the  use  of  eqs.  (12)  and  (13).  For  side  .4- 
with  Ix  =  288  in.<  and  c  =  j/^  =  i/q  =  +6  in.,  eq.  (12)  gives  Xad  =  0,  and  eq.  (13)  gives  yad  =  +288/C  = 
48  in.'  From  the  same  equations  we  find  for  C-B,  xeb  =  0,  and  ya  =  —48  in.'  These  apices  of  the  S-polygon  ; 
located  on  the  OY  axis,  one  above  and  the  other  below  the  OX  axis,  as  shown  in  Fig.  121. 


F/ar7ff  of  maximum 
strength 


P/ane5~~^ 
of     1  '_£d_^ 
minimum^ ' 
stre/yth^ 


^bX-.—X 


Fig.    121. — S-polygon  for  2  X  12-in.  rectangle. 


Fig.    122. — S-polygon  for  a  10-in.  2.j-lb 


The  complete  S-poIygon  is  obtained  by  plotting  the  points  determined  above,  and  connecting  by  strai 
lines  the  points  which  have  a  common  letter,  as,  for  example,  points  da  and  ah  are  connected  by  a  line  dene 
bv  a  in  Fig.  121;  likewise,  points  ah  and  he  are  connected  by  a  line  denoted  by  h.  Following  this  procedure  foi 
points,  the  complete  S-polygon  is  obtained,  as  shown  in  Fig.  121. 

It  will  be  noted  that  the  coordinates  of  the  apices  of  the  S-polygon,  as  y^^,  x^^^,  etc.,  are  equal  to  the  sec 
moduli  of  the  rectangle  for  axes  OX  and  OY  respectively.  This  ofTers  a  convenient  method  for  constructing 
polygon  without  the  use  of  eqs.  (10)  to  (13).  The  section  moduli  can  be  calculated  or  taken  from  the  steel  hs 
books,  plotted  on  the  principal  axes  of  the  section,  and  the  polygon  drawn  as  described  above. 

1106.  S-polygon  for  a  10-in.  25-lb.  I-beam. — Fig.  122  shows  the  S-polygon  for  a  10-in.  2c 
I-beam.  As  the  circumscribing  polygon  foi  the  I-beam  is  a  rectangle,  the  methods  of  calculation  are  exactly 
same  as  given  above  for  the  rectangular  section.  The  detail  calculations  will  not  be  given  here.  All  data 
shown  on  Fig.  122. 

110c.  S-polygon  for  a  10-in.  26-lb.  Channel. — The  circumscribing  polygon  for  a  channel  is  ali 
rectangle,  but  as  the  axis  OF  is  not  an  axis  of  symmetry,  the  resulting  S-polygon  will  not  be  symmetrical  at 
the  OY  axis,  as  in  the  case  of  the  rectangle  and  I-beam. 

For  a  10-in.  25-lb.  channel,  Ix  =  91.0  in.", /„  =  3.4in.<;zx  =  -|-2.28,  j/^  =  -|-5.0;xb  =  -|-2.2S,  j/s  =  - 
xc  =   —0.62,  yc  =   —5.0;  and,  xn  =   —0.62,  yx\  =   ->-5.0.      (All  coordinates  in  inches.) 
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Substituting  these   values  in  eqs.  (10)  to  (13),  the  coordinates  of  the  apices  of  the  S-polygon  are  found  to  be 
Tab  =   +3.4/2.28  =   +1.49  in.' 

Vab    =    0 

xbc  =   -91.0/5.0    =    -18.2    in.3 

2/6c    =    0 

xcd  =   -3.4/0.62     =   -5.48  in.' 
Ved  =  0 

a:da  =   +91.0/5.0     =   +18.2  in.' 
yda  =  0 
hese  values  when  plotted  give  the  S-polygon  of  Fig.  123,  on  which  all  data  are  shown. 

llOrf.  S-polygon  for  an  Angle  Section. — The  S-polygon  for  a  5  X  31-2  X  H-in.  angle  will  be  com- 
jted  and  constructed.  In  the  case  of  angle  sections,  the  steel  handbooks  do  not  give  directly  the  principal  mo- 
ents  of  inertia  of  the  section.  The  moments  of  inertia  given  are  those  for  the  gravity  axes  of  the  section  (O  U  and 
V  of  Fig.  124).  By  the  application  of  a  few  well-known  principles,  the  location  of  the  principal  axes  and  the 
ilues  of  the  principal  moments  of  inertia  are  readily  determined. 


/^jnf  Plane  of  kas^ 
rL  -^       \sfrengtf) 


3.   123. — S-polygon  for  a  10-in.,  25-lb.  channel. 


Fig.    124.— S-polygon  for  a  5  X  3>^   X  K-in.  angle. 


Fig.  124  shows  tne  angle  section  with  the  gravity  axes  Ot/  and  OF  in  position.      The  moments  of  inertia  for 

■se  axes  aie  Ju  =   10.0  in.4,  and  I.  =  4.0  in.*      Moments  of  inertia  for  principal  axes  are  not  given  directly. 

iwever,  the  mmimum  radius  of  gyration  of  the  section  is  given;  this  is  a  property  of  the  minor  principal  axis  of 

t  section.     From  Art.  92.  /  =  Ar\  where  A  =  area  of  section,  and  r  =  radius  of  gyration.     For  the  section  in 

c;stion,  A  =  4.0  sq.  in.,  and  ry  =  0.75  in.      Then,  ly  =  4.0  X  (0.75)  ^  =  2.25  in.* 

The  value  of  /x,  the  moment  of  inertia  for  OX,  the  major  principal  axis  of  the  section,  can  be  determined  from 
t  well-known  relation  connecting  the  moments  of  inertia  for  principal  and  othei  axes,  which  is:  /i  +  7„  = 
1+  Iv.     As  Ix  is  the  only  unknown,  we  have:  /i  =  7u  +  /»  -  7»  =  10,0  +  4.0  -  2.25  =  11.75  in.< 

The  value  of  the  angle  between  the  principal  and  gravity  axes,  angle  <t>  of  Fig.  124,  is  given  by  the  expression 

1  3  expression  is  found  in  works  on  Mechanics. 
For  the  values  given  above 

—  (.-flrl-ID'-o-o 

5  6  -  25  deg.  30  inin.     The  gravity  and  principal  axes  are  shown  in  their  relative  positions  in  Fig.  124. 

As  shown  in  Fig.  121,  the  sides  of  the  circumscribing  polygon,  ABODE,  are  not  parallel  to  either  of  the  principal 
I  i  of  the  section.  Th-  coordinates  of  the  apices  of  the  S-polygon  are  to  be  calculated  by  eqs.  (8)  oi  (9) ;  or,  by 
■'.ting  the  axes  o£  reference  as  explained  by  Fig.  120,  eqs.  (14)  and  (15)  can  be  used.  As  the  latter  method  is'the 
"pler,  it  will  be  used  here. 

Axes  OU  and  OV  are  parallel  to  sides  A-B,  C-D,  D~E,  and  E-A  of  the  circumscribing  polygon,  and  will  be 
Jl  as  the  new  axes  of  reference.     The  angle  <f)  is  seen  from  Fig.   124  to  be  25  deg.  30  min.. 

For  side   A-B,   which   is  paralled   to  the  OV  axis,  eq.  (14)  is  to  be  used.     With  <^  =  25  deg.  30  min.,  /,= 

^'  in.,    and  ua   =  wfi  =2.59  in.,  we  have, 

^  ,   _   (  +  2.25)(0.903)         ,„_„,.     , 
=  +0.785  in.' 


2. 59 

(  +  11.75)(0431) 


=   +2.00 
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In    plotting  these  points  it  must  be  remembered  that  Xab  and  y.i,  are  referred  to  axes  OX  and  Oi  .  the 

tion  of  axes  of  reference  having  been  made  only   with  respect  to  the  extreme  pomts  of  the  section. 

Side  D-E  is  also  paralled  to  the  OV  axis,  and  eq.  (14;  is  to  be  used,  which  gives 

_  i; -1-2.25) (0.903) 

^■^^  ~  -0.91 

(  +  11.75)(0.431) 


yde 


-2.23  in. 3 
=   -5.57  in. 3 


-0.91 

Sides   -i-E  and  D-C  are  parallel  to  axis  OU.     Substitution  in  eq.  (15)  gives 

(-2.25)(0.431) 


and 


1.66 
(  +  ll-75)(0.903) 

1  66 

(-2.25)(0.431) 

-3.34 

(  +  11. 75)  (0.903) 

-3.34 


=   -0.584  in. 3 
=   -+-6.39    in.> 


-f  0.290  in. 


=   -3.18  in. 3 


5- Polygon 
T-Bar 


The  side  B-C  of  the  circumscribing  polygon  is  parallel  to  a  pair  of  rectangular  axes  shown  by  OR  and  O  Ti 

Fig.  124.  These  axes  make  an  angle  of  33  deg.  40  mm.  wit 
the  gravity  axes,  or  8  deg.  10  min.  with  the  principal  axes  « 
the  section,  as  shown  in  Fig.  124.  This  angle  can  be  calculatwi 
or  scaled  with  a  protractor  from  a  large  layout  of  the  sectio) 
Since  the  axis  OR  is  in  the  fourth  quadrant  with  respect  to  tt 
axes  OX  and  O  Y, 

^  =  (360°  -  8°  10')   =  351  deg.  50  min. 
Using  eq.    (14),   with  4>  as  above  and  h  =   1.51  in.,  as  show 
on  Fig.  124,  we  have 

^.  =  i±2:?5)(a2?^  ^   +1.48  in.. 
^'  1.51 

(+ll:75)(-ai42)  ^  -1.11  in.. 
y"  1.51 

Plotting  these  points  with  respect  to  the  OX  and  OK  axes,  ai 
connecting  the  proper  points,  the  complete  S-polygon  is  obtain 
as  shown  in  Fig.  124. 

llOe.  S-polygons  for  Z-bars  and  T-bars. — T' 
rolled  sections  which  are  used  occasionally  as  beam  sections  i 
the  Z  and  T-bars.  S-polygons  for  these  sections  are  shown 
Fig.  125.  The  detail  work  of  calculating  these  polygons  v 
not  be  given,  as  the  methods  are  similar  to  those  used  above 
Fig.  125(a)  shows  the  S-polygon  for  a  5  X  3K  X  H-m. 
bar.  The  coordinates  of  the  apices  of  the  S-polygon,  referred 
the  principal  axes  of  the  section  are: 

xbc  = +0.848  in.',  jo^   =   +4.38  in.>: 

Taf  =   -1.89  in.»,  Vaf  =  0;  I 

-uo-ioin-  yej -  "" *■'•  =   +0.600  in.3,  yd.   =   -8.56  in. ».         | 

Hg     125wThows'the  S-polygon  formal  X  4  X  JMn.  T-bar,  for  which  the  coordinates  of  the  S-polygon  a  j 
I,  =  0,  y^»  =   -2.02  in.»;  Xd>  =  0.  Vd.  =   +4.83  xn.>: 

x.a  =  +1.40  in.3.  y,,  =  0;  x./  =   -  1.40  in.'  y.f  =  O^ 

ru  =  +1.69  in.3,  y,.  =    -1.71  in.3;  x„/  =   -1.69  in.',  y.,  =    -1.71  in.' 

Ill  Solution  of  Problems  in  Unsymmetrical  Bending.— Problems  in  unsymmetri.( 
bendins  can  be  solved  algebraically  by  the  use  of  eqs.  (1)  and  (2),  or  by  semi-graphical  methci 
involving  the  use  of  S-polygons.  A  few  simple  problems  will  be  worked  out  to  show  the  g«( 
eral  methods  employed.  . 

In  problems  involving  the  determination  of  fiber  stress  in  a  given  beam  section  urn 
bending  in  any  direction,  the  desired  result  is  generally  the  maximum  fiber  stress  and  the  W 
on  which  it  occurs.  A  complete  solution  of  this  problem  can  be  obtained  by  two  methods, 
the  first  method,  the  stresses  are  computed  for  all  extreme  fibers  of  the  section.  On  compar 
these  values,  the  maximum  can  readily  be  determined.  By  the  second,  and  better  method, 
neutral  axis  of  the  section  is  located  on  a  large  scale  layout  of  the  section.  From  this  sket 
the  fiber  most  remote  from  the  neutral  axis  is  determined  by  inspection  or  by  ^^'^l"^^  ^^  ^^ 
sary,  and  a  fiber  stress  calculation  made  only  for  this  fiber,  thus  giving  the  required  maxim. 
stress  intensity. 

Illustrative  Problem.-A  10-in.  25-lb.  channel  section  is  used  as  a  beam  to  support  a  moment  ^^^jcti^ 
verticarpLne.     Fig.  126  shows  the  position  of  the  channel  and  the  direction  of  the  plane  of  bending  «ith  ««, 


Xab  =   -0.600  in.3, 
xcd  =   +1.89  in.3, 
x,f  =   -0.848  in.3. 


yah   =   +8..56in.3; 

y      =0; 

j/e/   =    -4.38  in.3; 
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to  ox  and  OY,  the  principal  axes  of  the  section.      The  solution  will  be  carried  out  for  both  of  the  general  methods 
outlined  above. 

Algebraic  Solulion. — The  moments  of  inertia  of  the  section,  as  given  by  the  steel  handbooks,  are:  Ix  =  91.0  in.*, 
iihl  /;,  =  3.4  in.*.  The  coordinates  of  the  extreme  points  of  the  section  are:  xa  =  +2.28,  va  =  +5.0;  13=  + 
J.-'S,  VB  =   -  5.0;  xc  =   -  0.62,  yc  =   -5.0;  and,  xd  =   -  0.62,  yp  =   +5.0.      (All  coordinates  in  inches.) 

From  eq.  (2),  with  0  =  60  deg.,  as  shown  in  Fig.  126,  and  with  the  coordinates  given  above,  we  find  for  point 
_A, 

(+  3.4)(5.0)(0.866)  +  (0.91)(2.28)(0.50)-|   _   _     +14.72  +103.8 
(91) (3.4)  J   ~  309.5" 

fA=-  0.3835M 
The  minus  sign  indicates  that  the  fiber  stress  is  compressive. 

For  fiber  B,  substitution  in  eq.  (2)  involves  the  same  quantities 
18  for  A,  except  that  j/s  is  negative.  The  first  term  in  thenumer- 
itbr  of  the  above  expression  then  becomes  negative.  Using  the  same 
orm  as  given  above,  we  have 


/a 


-  M 


M 


309.5 
In  the  same  way,  we  have  for  points  C  and  D 

J     ^   _   ,,r(  +  3'^)(-5.0)(0.866)  +  (91.0)(-0.62)(0.5)1 


M\ 


fr-  + 


nd 


/n=   + 


+  14.72  +  28.20 
309.5 

14.72  +  28.20 


(9i)(3.4) 
=   +0.1386iM 


=   +0.043557lf 


'Z^,„,'5g'3.50/r>' 


309.5 

'he  plus  signs  indicate  tensile  stresses. 
On  comparing  the  calculated  values,  it  will  be  found  that  fiber  A 
is   the    maximum   fiber   stress,    and   that   the    stress   intensity   is 
38353/  lb    per  sq.  in.,  compression. 

Proceeding  with  the  second  method  of  solution  outlined  above, 
e  find  from  eq.  (1)  that  the  angle  between  the  axis  OX  and  the 
eutral  axis  for  the  given  plane  of  bending  is 

(-91.0)(cot  60°)       (-91.0)(0.5774) 


tan 


-15.46 


5n-Z3.0Sin^ 


Fig.   126. 


3.4  3.4 

om  which,  a  =  93  deg.  38  min.  In  Fig.  126  the  neutral  axis,  as 
cated  by  this  angle,  is  shown  in  position.  It  is  evident  by  inspec- 
on  that  fiber  A  is  most  remote  from  the  neutral  axis.  A  single 
ibstitution  in  eq.  (2)  for  fiber  A  gives  the  desired  result.  The 
ilculations  are  as  given  above  for  point  A ;  they  will  not  be 
ipeated. 

Solution  by  Means  0/  an  S-polygon.— On  Fig.  126  there  is  given  a  solution  of  this  problem  by  means  of  an  S- 
>lygon.     The  S-polygon  is  constructed  from  the  calculations  made  in  Art.  110  and  shown  on  Fig.  123. 

From  eq.  (4)  of  Art.  107,  the  fiber  stress  at  any  point  is  /  =  M/S,  where  S  is  the  flexural  modulus  of  the  section. 
B  explained  m  Art.  108,  the  value  of  S  for  any  point  is  equal  to  the  intercept  on  the  plane  of  bending  of  the  S. 
»e  produced  and  the  origin  of  coordinates.     These  intercepts  are  shown  on  Fig.  126,  each  with  a  subscript  corre- 
sponding to   the  point  for  which  the  value  of  S  is  given.     Then  from  eq. 
(4),    the   fiber  stresses   are:    /^    =    iV//2.60    =    0.385M,  /b  =  M/Z.bO  = 
0.286M, /c  =  J//7.18  =  0.139M,  and /d  =  il//23.05  =  0.0435M. 

The  character  of  fiber  stress  is  not  given  directly  by  the  S-polygon. 
To  determine  the  character  of  the  fiber  stress,  locate  the  position  of  the 
neutral  axis,  aa  shown  in  Fig.  126.  For  positive  moment,  all  points  below 
the  neutral  axis  will  be  under  tensile  stress,  and  points  above  the  neutral 
axis  will  be  under  compression.  Thus  in  the  case  under  consideration, 
points  A  and  B  are  above  the  neutral  axis  and  are  under  compression,  while 
C  and  D  are  below  the  neutral  axis  and  are  under  tension.  These  results 
are  checked  by  the  algebraic  solution  given  above. 

niustrative  Problem.— A  5  X  3J.^  X  H-\n.  angle  with  the  longer  leg 
vertical  carries  a  moment  M  acting  in  a  vertical  plane,  as  shown  in  Fig.  127. 
Required  the  intensity  of  the  maximum  fiber  stress  and  the  fiber  on  which  it 
occurs. 

This  is  the  angle  section  for  which  the  S-polygon  is  calculated  in  Art. 
110  and  shown  on  Fig.  124.  The  principal  moments  of  inertia  of  the  sec- 
tion are:  Ix  =  11.79  in.*,  and  /„  =  2.25  in.<.  In  Fig.  127  the  principal  axes 
OX  and  O  Y  are  shown  in  position. 

Algebraic  Solution. — The   fiber  of   maximum  stress  intensity  will  be 
ermmed  by  plotting  the  position  of  the  neutral  axis  on  the  angle  section.     From  eq.  (1),  with  6  =  115  deg.  36 


,  as  shown  on  Fig.  127,  we  have 


(-11.79)(cot  115'"  360 
2.25 


=   +2.51,  or,  a   =  68  deg.  17  min. 
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The  position  of  the  neutral  axis  is  sliown  on  Fig.  127.  It  will  be  found  that  fiber  C  is  most  remote  from  the  neu- 
tral a.xis,  and  is  therefore  the  fiber  of  maximum  stress  intensity. 

The  coordinates  of  point  C  must  be  referred  to  the  principal  axes  of  the  section,  OX  and  OY,  in  substituting  in 
eq.  (2).  This  information  is  not  given  in  the  steel  handbooks.  It  can  be  obtained  by  scaling  from  a  large  scale 
drawing  of  the  section,  or  it  can  be  calculated  by  means  of  the  formulas  for  rotation  of  the  axes  of  reference  given 
for  the  conditions  shown  in  Fig.  120  of  Art.  109.  The  values  of  u  and  v  to  be  used  in  the  formulas  of  Art.  109  can 
be  found  in  the  steel  handbooks,  for  OU  and  OK  are  the  gravity  axes  of  the  section.  Then  for  «c  =  -0.41,  vc  = 
-3.34,  and  0  =  25  deg.  36  min.,  we  have,  yc  =  ( -3.34)(0.902)  -  (0.410)(0.432)  =  -3.19,  and,  xc  =  (-0.410) 
(0.902)  +  (3.34)(0.432)   =   +1.07,  both  values  in  inches.     Calculated  and  scaled  values   were  found  to  check. 

Substituting  in  eq.  (2)  the  values  of  xc  and  yc  given  above,  and  0  =  115  deg.  36  min.,  the  fiber  stress  at  C  is 

found  to  be 

r^2.25)(-3.19)(sin  115°  360  +  (11.79)(1.07)(115°  36^1 
^C  =   -M[  ai.79)(2.25)  J 

fC  =   +0.449M 
Fiber  C  is  under  tensile  stress,  as  indicated  by  the  positive  sign  of  the  result. 

In  calculating  the  tables  of  safe  loads  on  angle  sections  given  in  the  steel  handbooks,  it  is  usually  assumed 
that  the  neutral  axis  is  horizontal  for  all  planes  of  bending.  If  the  neutral  axis  be  assumed  to  be  parallel  to  the 
shorter  leg  of  the  angle  of  Fig.  127,  the  fiber  stress  at  is  found  to  be:  /c  =  Mc/I  =  3.34  Jlf/10  =  0.334Af,  a  re- 
sult only  about  75%  of  the  true  stress  given  above. 

Solution  by  S-polygon. — The  S-polygon  solution  of  the  preceding  illustrative  problem  is  shown  on  Fig.  127. 
This  polygon  is  constructed  from  data  calculated  in  Art.  110  and  shown  on  Fig.  124.  From  an  inspection  of  Fig. 
127  it  can  be  seen  that  for  the  given  plane  of  bending,  fiber  C  has  the  least  S,  and  is  therefore  the  desired  fiber  oi 
maximum  stress.  By  scale  from  Fig.  127  we  find  Sc  =  2.22  in.'  Therefore,  /^  =  M/2.22  =  0.4503/ .  which  checks! 
the  result  obtained  by  the  algebraic  method.  As  fiber  C  is  located  below  the  neutral  axis,  the  fiber  stress  is  tensile. 
The  design  of  beams  subjected  to  unsymmetrical  bending  is  greatly  simplified  by  the  use  ol 
S-polygons.  Where  several  possible  loading  conditions  are  involved,  the  algebraic  calculations 
are  long  and  tedious,  while  the  semi-graphical  S-polygon  offers  a  comparatively  simple  anc  I 
easily  understood  method  of  solution.  I 

In  designing  by  the  S-polygon  method,  the  process  consists  in  comparing  graphically  th(  . 
flexural  modulus  required  for  any  plane  of  bending  with  that  furnished  by  the  assumed  section  J 
From  eq.  (4),  Art.  107,  S  =  M/f.     Having  given  the  bending  moment  to  be  carried  and  tht 
allowable  working  stress,  the  required  flexural  modulus  is  readily  determined. 

The  required  S  is  plotted  to  scale  on  a  set  of  coordinate  axes  placed  in  the  proper  positioi 
in  space.  The  S-polygons  of  the  trial  sections  are  then  plotted  to  scale  on  the  same  set  of  axes 
In  order  to  answer  the  requirements  of  the  design,  the  S  furnished  by  the  trial  section  must  b 
equal  to,  or  greater  than,  the  required  value. 

Illustrative  Problem. — Design  a  wooden  beam  set  with  it 
faces  at  an  angle  of  30  deg.  with  the  vertical,  and  subjected  t 
an  unsymmetrical  bending  moment  acting  in  a  vertical  plani 
The  span  of  the  beam  is  12  ft.,  and  the  allowable  working  stre; 
in  the  timber  is  1000  lb.  per  sq.  in.  Determine  the  beam  sectio 
required  to  suppoit  a  net  uniform  load  of  300  lb.  per  ft 

As  the  weight  of  the  beam  section  is  not  known  to  begin  wittl 
it  will  be  assumed  to  be  25  lb.  per  ft.  The  total  load  to  be  cai 
ried  is  then  325  lb.  per  ft.;  the  bending  moment  in  a  vertici 
plane  is  M  =  Hwl''  =  1-^(325)  (12)  =(12)  =  70,200  in.-lb.;  andtk 
required  flexural  modulus  is  S  =  M/f  =  70.200/1000  =  70.2  ii 
This  is  shown  to  scale  in  the  proper  position  in  Fig.  128. 

From  the  S-polygon  of  a  rectangle  shown  in  Fig.  121,  Ar 
110,  it  can  be  seen  that  for  bending  at  an  angle  of  60  deg.  wit 
the  axis  OX,  fibers  A  and  C  have  values  of  S  which  are  equal  an 
smaller  than  those  for  D  and  B.  It  is  evident,  then,  that  it 
necessary  to  draw  only  the  S-line  for  point  A  in  order  to  dete 
mine  the  proper  section. 
Fig     128.  In  Fig.  128  the  S-lines  for  several  rectangular  sections. si 

shown.      The  6  X   10-in.  section  is  too  small,  for  the  5  furnishe 

by  the  section  is  not  equal  to  that  required  by  the  moment.      The  6  X  12-in.  section  is  a  little  too  large,  but.t 

beams  usually  come  in  even  inch  sizes,  it  will  be  adopted. 

Before  this  section  is  finally  adopted,  the  assumed  weiglit  must  be  checked  up.     At  4  lb.  per  ft.  board  measu^ 

a  6  X  12-in.  section  will  weigh  (12  X  %2)-i  =  24  lb.  per  ft.     As  the  weight  assumed  in  the  calculations  was  2511 

per  ft.,  a  revision  is  not  necessary. 

In  Sect.  2,  Art.  64,  there  is  given  the  design  of  a  roof  purlin  for  several  combinations  of  deac 


P/ane  afbencfing 
'      moment 


and  wind  load.     The  solution  is  based  on  the  principles  used  in  the  above  probleiri 
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112.  Investigation  of  Beams. — An  important  problem  in  the  investigation  of  the  relative 
■  alue  of  the  various  rolled  sections  when  used  as  beams  is  their  moment  carrying  capacity. 
Wy  means  of  the  S-polygons  of  the  sections,  a  direct  comparison  can  be  made.  Thus,  if  it  be 
t-quired  to  determine  the  relative  moment  carrying  capacity  of  an  I-beam  and  a  channel  of  the 
aine  depth  and  weight  per  foot — as  for  example,  a  10-in.  25-lb.  I-beam — we  can  refer  to  the 
■^-I)olygons  for  these  sections.  Fig.  122  gives  the  S-polygon  for  a  10-in.  25-lb.  I-beam,  and  Fig. 
23  gives  the  S-polygon  for  a  10-in.  25-lb.  channel. 

These  polygons  are  drawn  to  the  same  scale  so  that  the  relative  strength  of  the  two  sections 
s  iiroportional  to  their  sizes.  It  can  be  seen  at  once  that  the  advantage  is  in  favor  of  the  I- 
uam  section.      In  the  same  way,  any  sections  can  be  compared  by  this  method. 

Another  problem  of  considerable  importance  is  the  deteimination  of  the  planes  of  greatest 
lud  least  strength  for  any  given  section.  In  this  way  it  is  possible  to  place  a  section  in  such 
L  position  that  its  plane  of  greatest  resisting  moment  coincides  with  the  plane  of  the  bending 
noment,  and  the  section  is  used  to  its  greatest  advantage.  It  is  also  possible  to  avoid  loading 
beam  in  the  plane  of  its  least  resisting  moment. 

From  eq.  (4)  of  Art.  107,  it  can  be  seen  that  the  fiber  stress  varies  inversely  as  the  value  of 

Therefore  the  plane  of  greatest  strength  is  the  one  with  the  largest  S,  and  the  plane  of  least 
trength  is  the  one  with  the  smallest  S.  The  values  are  measured  as  shown  by  the  vector  OE 
f  Fig.  119. 

The  plane  of  greatest  strength  in  bending  of  the  rectangle,  I-beam,  and  channel  sections, 
,s  shown  by  their  S-polygons,  (see  Figs.  121,  122,  and  123)  is  in  the  plane  of  the  OY  axis.  By 
n  inspection  of  the  S-polygons,  it  can  be  seen  that  the  plane  of  least  strength  is  perpendicular 
o  the  S-lines,  for  on  these  planes  the  values  of  S  are  a  minimum.  There  will  be  four  such 
(lanes  for  the  rectangle  and  I-beam  sections,  one  for  each  S-line.  For  the  channel  section 
here  two  planes  of  least  strength,  one  perpendicular  to  the  S-line  a  and  another  perpendicular 
o  S-line  b. 

The  angles  which  these  planes  make  with  the  axis  OX  can  be  determined  from  a  large  scale 
.rawing  of  the  section  by  means  of  a  protractor.  The  angles  can  also  be  determined  by  means 
f  a  proposition  of  Analytical  Geometry  which  states  that  when  a  line  is  perpendicular  to  a  given 
ne,  the  slope  of  the  perpendicular  is  the  negative  reciprocal  of  that  of  the  given  line.  Thus 
'om  the  equation  of  the  S-line  for  fiber  A,  as  given  by  eq.  (6),  Art.  108,  the  slope  of  the  perpen- 

icular  is    4-  y  —     For  the  rectangle  of  Fig.  121,  we  find  from  the  data  given  in  Art.  110  (a), 

bat  the  angle  between  the  OX  axis  and  the  plane  of  least  strength,  as  determined  from  the  above 

quation,  is 

8         6 

tan  of  slope  =  H X      =    +0.167,    or   slope  angle  =  9  deg.  30  min. 

28o       1 

his  plane  is  shown  in  position  on  Fig.  121. 

The  determination  of  the  planes  of  greatest  and  least  strength  of  the  angle  section,  for  which 
iie  S-polygon  is  shown  in  Fig.  124,  is  not  as  simple  a  matter  as  for  sections  of  rectangular  form 
ue  to  the  unsymmetrical  form  of  the  S-polygon.  From  an  inspection  of  the  S-polygon  of  Fig. 
24,  it  is  evident  that  the  angle  section  has  its  greatest  strength  as  a  beam  for  the  plane  of  loading 
)r  which  the  fiber  sti  esses,  and  hence  the  values  of  S,  for  fibers  A  and  D  are  equal.  This  plane 
an  be  located  by  trial  by  means  of  a  straight  edge  and  a  pair  of  dividers.  It  can  also  be  located 
y  means  of  eq.  (5)  of  Art.  107.  If  values  of  S,  as  given  by  eq.  (5)  for  fibers  A  and  D,  be 
ijuated  and  the  resulting  expression  be  solved  for  6,  the  result  will  be  the  desired  plane  of  great- 
it  strength.     Performing  the  operation  indicated  above,  we  have 

.         „  Ix     Xa  +  xd 

tan  d  =  —  Y-  ■  ; 

ly     Va  +  Vd 

[or  the  angle  section  whose  S-polygon  is  shown  in  Fig.  124,  xa  =  -1-1-61,  %ja  =  +2.60;  xd  = 

0.59,  ijD  =  -3.40;  1^  =  11.75,  and  ly  =  2.25.     From  the  above  equation 

f       a  11  75    1.61  +0.59         ,  ,  .   „_ 

^^"^^-^25  '2.60-3.40  =  ^^^'^^^ 
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or,  0  =  86  dog.  5  min.  This  plane  of  loading  is  shown  in  position  on  Fig.  124.  The  plane  of 
least  strength  is  determined  by  methods  similar  to  those  used  for  the  rectangle.  It  is  shown 
on  Fig.  124. 

In  the  above  discussion  the  planes  of  greatest  strength  have  been  located  and  are  shown 
in  position  on  a  few  of  the  sections  in  general  use  as  beams.     To  secure  the  best  results,  it  is 
evident  that  the  section  should  be  so  placed  that  the  plane  of  bending  and  the  plane  of  greatest 
strength  coincide.     It  is  not  possible,  however,  to  realize  these  ideal  conditions  in  all  cases.    / 
This  is  due  to  the  fact  that  the  methods  of  attaching  the  beam  section  to  its  supports  determines 
the  position  of  the  beam.     Thus  beams  supported  on  a  sloping  surface  must  usually  be  set  with 
their  faces  perpendicular  to  the  supporting  surface.     In  Sect.  3,  Art.  127,  details  of  purlin  con- 
nections are  shown  which  bring  out  this  point.  j 
^                    When  an  angle  section  is  used  as  a  beam,  it  should  be  J 
^      >vx                   \  y^      placed  as  shown  in  Fig.  129(a),  for  as  shown  by  the  S-polygon,l 
^^^\^5upporf-ing       ^"^          this  position  is  very  close  to  its  position  for  greatest  strength  for 
y^       ^"''  ^      y^                 bending  in  a  plane  which  is  vertical  or  nearly  so.     At  the  same, 
HoriTonfff/--                     time,  attachment  to  the  supporting  structure  is  readily  made. 

Z-bars  are  seldom  used  as  beam  sections,  as  it  is  difficultl 

Fig     129  .  .  .   .  | 

to  obtain  them  except  m  large  quantities.  From  the  S-polygonj 
for  this  section,  Fig.  125(a),  it  can  be  seen  that  for  the  position  shown  in  Fig.  129(6),  the  section  j 
is  advantageously  placed  for  bending  in  a  vertical  plane. 

The  T-bar,  as  shown  by  its  S-polygon,  Fig.  125(6),  does  not  form  an  ideal  beam  section, 
due  to  the  fact  that  the  fiber  stresses  on  the  extreme  fiber  of  the  stem  are  much  greater  than 
those  on  the  flange.  In  any  case  it  is  desirable  that  the  section  be  placed  with  the  stem  down. 
The  upper,  and  wider  face,  is  then  in  compression,  which  increases  the  lateral  stiffness  of  the  ■ 
section. 

In  some  types  of  roof  covering,  T-bars  closely  spaced,  are  used  to  support  tile  or  short 
span  slabs  carried  directly  on  the  T-bars.  The  stem  of  the  T  is  placed  up,  the  bottom  flange 
forming  a  support  for  the  title.  From  the  discussion  given  above,  it  can  be  seen  that  the  T-bai 
is  not  well  placed  in  this  type  of  construction,  for  the  narrow  stem  of  the  T  is  in  compression 
and  is  liable  to  fail  due  to  insufficient  lateral  support,  unless  low  working  stresses  are  maintained  \ 
The  material  is  then  not  used  to  as  great  advantage  as  in  the  other  sections  considered. 

113.  Tables  of  Fiber  Stress  Coefficients  for  Beams. — The  variety  of  conditions  encountereci  / 
in  problems  in  unsymmetrical  bending  lenders  it  impractical  to  attempt  anj^  very  extensive ( 
tabulation  of  fiber  stresses  in  beams.  Each  case  must  be  worked  out  by  means  of  the  generaJf  "" 
equations  or  the  S-polygon  methods  given  in  the  preceding  articles.  WTiere  S-polygon  methodsj 
are  to  be  used  to  any  great  extent,  it  will  save  time  if  the  S-polygons  of  standard  sections  be| 
plotted  on  tracing  cloth,  or  some  transparent  material.  The  required  S  can  be  plotted  on  8 1 
sheet  of  paper,  as  explained  in  the  illustrative  problem,  p.  8S.  By  laying  the  plotted  S- 
polygons  over  the  required  5,  and  shifting  to  different  sections,  the  desired  section  can  readilj 
be  determined. 

There  is,  however,  one  very  important  and  frequently  encountered  condition  of  unsym-  ^ 
metrical  loading  for  which  tabulations  of  fiber  stress  can  be  made.     The  case  referred  to  is  that 
of  loading  in  a  vertical  plane  on  sections  inclined  at  an  angle  to  the  vertical. 

Table  1  gives  coefficients  for  I-beams;  Table  2  gives  values  for  channels;  and  Table  c 
gives  values  for  angles.     The  fiber  stress  in  any  case  is  obtained  by  multiplying  the  moment,|j 
Af,  by  the  coefficient  given  in  the  tables.     The  sketch  shows  the  conditions  for  which  the  values'[ 
are  given.     These  tables  were  taken  from  articles  by  R.  Fleming,  which  appeared  in  the  Enq. 
Rec,  March  3,  1917,  and  in  the  Eng.  News-Rec,  Feb.  27,  1919. 
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/erf/caf 
loacf/n^ 


Table  1. — Fiber  Stress  Coefficients,  Bending  Moment  Due  to 
Vertical  Loading  on  I-beams 


I-beam 
section 


Pitch  of  roof  in  inches  per  foot 


■in.  12>i-lb. 
in.  15  -lb. 
in.  18  -lb. 
in.  21  -lb. 
Hn.  25  -lb. 
in.  31H-lb. 


0.138 
0.097 
0.070 
0.053 
0.041 
0.028 


0.212 
0.153 
0.114 
0.088 
0.069 
0.050 


0.284 
0.208 
0.157 
0.121 
0.096 
0.071 


0.352 
0.260 
0.196 
0.153 
0.122 
0.091 


0.415 
0.308 
0.234 
0.183 
0.146 
0.110 


0.473 
0.353 
0.268 
0.210 
0.168 
0.127 


0.526 
0.393 
0.300 
0.235 
0.188 
0.143 


0.573 
0.430 
0.328 
0.257 
0.206 
0.157 


0.614 
0.461 
0.352 
0.277 
0.222 
0.170 


Yerf/ccr/ 
hading 


y 


Table  2. — Fiber  Stress  Coefficients,  Bending  Moment  Due  to 
Vertical  Loading  on  Channels 


1 

1 

Pitcli  of  roof  in  inches  per  foot 

■channel 
1  Bection 

11 

0 

1 

2 

3 

4 

5 

6 

7 

8 

in.    8     -lb. 

0.231 

0.396 

0.557 

0.709 

0.851 

0.982 

1.101 

1  .207 

1  .301 

in.    9?i-lb. 

0.166 

0.296 

0.422 

0.542 

0.655 

0  758 

0  852 

0.935 

1  .010 

|in.  lUi-Ib. 

0.124 

0  228 

0.330 

0  427 

0  517 

0.600 

0.676 

0  743 

0.804 

!in.  13>i-lb. 

0.095 

0.180 

0.263 

0.342 

0.415 

0.483 

0.545 

0.600 

0.650 

Iflin.  15     -lb. 

0  075 

0   145 

0  214 

0  279 

0.340 

0.397 

0.448 

0.494 

0  535 

liin.  20>Mb. 

0.047 

0  094 

0.141 

0.184 

0.225 

0.263 

0.298 

0.329 

0.357 
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Jfr/zca/       Verfical--^ 
''loading  loading 


\ 


Table   3. — Fiber  Stress  Coefficients,  Bend- 
ing Moment  Due  to  Vertical  Loading 
ON  Angles 


Allele  section 


Pitch  of  roof  in  inches  per  foot 


X  2 
X  2 

X  2y^ 

X  2M 
X  2>.^ 


3>2  X  2>^ 


3 

3 

3M 

3H 

4 

4 


X  M 

X  M 

X  H- 

X  51  6- 

X  >i  - 

X  Me- 

X  He- 

X  ^: 

X  He- 

X  H  -: 

X  H  -1 

X  Jl6 


3.49 
2.91 


0.92 
0  08 
0  60 
0  41 

0  3.") 


3.30 
2.76 
2  22 
1.83 
1.69 
1.39 
1  00 
0.87 
0.65 
0.57 
0.38 
0.33 


0.94 
0.81 
0.61 
0.53 
0.35 
0.31 


2  88 
2.41 
1.98 
1.63 
1.46 
1  22 
0  88 
0  75 
0.56 
0  48 
0.32 
0  28 


2.68 
2.22 
1.85 
1  .51 
1  35 
1  .14 
0  81 
0  70 
0  51 
0  43 
0  29 
0  25 


2.46 
2  04 
1.71 
1.41 
1  .22 
1  .02 
0  75 
0.03 
0.47 
0.40 
0.27 
0.23 


2  30 
1  90 
1  60 
1  .30 
1.15 
0  96 
0  69 
0.59 
0.43 
0.37 
0  25 
0  22 


2  14 
1  78 
1.49 
1  24 
1  .06 
0.89 
0.65 
0.55 
0  41 
0.35 
0  27 
0.23 


2  01 
1  67 
1.38 
1.15 
1.12 
0  93 
0  66 
0  52 
0  48 
0  41 
0  30 
0  26 


114.  Variation  in  Fiber  Stress  Due  to  Changes  in  Position  of  the  Plane  of  Bending.- 
The  S-polygon  shows  in  a  striking  manner  that  small  changes  in  the  position  of  the  plane  .  ™ 
loading  cause  relatively  large  changes  in  the  fiber  stress  on  a  givt  1 
point  in  the  section.  This  variation  in  position  of  the  plane  of  loadir  j 
may  be  due  to  a  variety  of  causes.  The  deflection  of  the  beam  und 
loading  may  tend  to  twist  the  section  about  its  longitudinal  axis,  thi 
changing  the  position  of  the  plane  of  bending  from  that  assumed  in  tl' 
design.  In  the  case  of  wooden  beams,  warping  of  the  timber  maj''ha>< 
a  similar  effect.  To  counteract  these  effects,  the  beam  should  be  hei 
rigidly  in  line  by  some  form  of  lateral  support.  Bridging  in  wood* 
floor  construction  is  one  method  of  providing  this  lateral  support. 

The  effect  of  a  small  change  in  the  position  of  the  plane  of  loadiii 
will  now  be  shown  graphically  by  means  of  an  S-polygon.     Fig.  IJ     U 
shows  the  S-polygon  of  a  10-in.  25-lb.   I-beam,  data  for  which  a    it 
given  in  Art.  110(6).     A  comparison  will  be  made  of  fiber  stresses  f    ik 
bending  in  the  plane  of  the  OY  axis,  and  for  bending  in  anothi   it 
plane   1  deg.  away  from  the  first  plane;  that  is,  for  6  =  90  deg.  as    « 
89  deg.   respectively.      By  scale  from  Fig.   130,  we  have  Si  =  2§    I 
in^.  for  ^  =  90  deg.,  and  So  =  21.3  in».  for  e  =  89  deg.     The  result 
ing  fiber  stresses  are:  /i  =  0.04099  M,  and  /o  =  0.04795  M.     The  i 
values   differ   by   14.6%    of  /i.     Values  of  S  are  also  indicated  I 
bending  planes  at  5  and  6  deg.  from  the  axis  OY.     At  this  place  tl 
stresses  differ  by  about  7.5%. 
It  can  be  seen  by  comparing  the  calculated  values  given  above,  and  also  bj^  inspectic^ 
from  Fig.  130,  that  this  percentage  is  a  maximum  for  planes  of  loading  near  the  OY  axis. 

In  narrow  deep  sections,  the  fiber  stress  increase  is  large  for  a  relatively  small  change  in  til 
direction  of  the  plane  of  loading.  To  avoid  this  effect,  beam  sections  should  be  chosen  froi, 
rolled  shapes  or  rectangular  sections  which  have  considerable  lateral  rigidity.  If  narrow  s©; 
tions  must  be  used,  they  should  be  thoroughly  braced  to  prevent  overturning. 

It  is  also  interesting  to  note  the  change  in  position  of  the  neutral  axis  due  to  changes  in  tl 
plane  of  bending.     This  effect  is  best  studied  by  means  of  eq.  (1),  Art.  106.     For  the  beam  ae« 


Fig..   130. 


m  considered  above,  suppose,  as  befoic,  that  the  plane  of  bending  is  1  deg.  from  the  axis  OY,  or 
=  89  deg.  in  eq.  (1).      Then 

(  -  122.1)(0.01746) 
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tan  a  =  —  (Ijc/I,,)  cotan.  d  = 


6.9 


tan  a  =   -0.309,  or,  a  =  180°  -  17°  10' 
will  be  noted  that  a  1  deg.  change  in  the  position  of  the  plane  of  bending  causes  a  17-deg. 
ange  in  the  position  of  the  neutral  axis. 

Table  4  gives  the  percentage  change  in  fiber  stress  and  the  corresponding  change  in  the 
sition  of  the  neutral  axis  due  to  a  1-deg.  change  in  the  direction  of  the  plane  of  bending  from 
e  OFaxis  of  standard  I-beam  and  channel  sections.  These  values  were  calculated  by  the  meth- 
s  given  above. 

Table  4. — Percentage  Increase  in  Fiber  Stress  and  Change 

IN  Position  of  Neutral  Axis  for  a  One-Degree  Change 

in  Direction   ot  Plane  of  Bending. 

P/aneof 
e-69° 


P/aneof 
/oad/ng 

0=89" 


Section 

It 

Increase  in 

fiber  stress 

(per  cent.) 

Change  in 
slope  of  neu- 
tral axis 
a 

(degrees) 

20-in.  65-lb.  I-beam 

18-in.  55-lb.  I-beam 

15-in.  42-lb.  I-beam 

12-in.  311.2-lb.  I-beam 

10-in.  25-lb.  I-beam 

9-in.  21-lb.  I-beam 

8-in.  18-lb.  I-beam 

7-in.  15-lb.  I-beam 

6-in.  12K-lb.  I-beam 

15-in.  33-lb.  channel 

12-in.  20>2-lb.  channel 

10-in.  15-lb.  channel 

9-in.  \ZM-Vo.  channel 

8-in.  llj^-lb.  channel 

7-in.     9?4-lb.  channel 

6-in.     8-lb.  channel 

41.8 
37.5 
30.2 
22  7 
17.7 
16.4 
15  0 
13  5 
11  8 
38.1 

..32  8 
29  1 
26.3 
24   8 

.21  5 
18  6 

22.8 
21  .8. 
19.3 
16.5 

14  4 
13.8 
13   1 
12.3 
11   5 
23  2 
21.4 
19.9 
18.5 
18  2 
16.5 

15  2 

36°  10' 
33°  15' 
27°  50' 
21°  35' 
17°  10' 
16°  0' 
14°  40' 
13°  20' 
11°  40' 
33°  40' 
29°  .50' 
27°  0' 
24°  40' 
22°  55' 
20°  35' 
18°  0' 

115.  Deflection  of  Beams  Under  Unsymmetrical  Bending. — The  amount  and  direction 
he  deflection  of  a  beam  subjected  to  unsymmetrical  bending  is  often  desired.  To  determine 
desired  deflection,  the  bending  moment  can  be  resolved  into  its  components  parallel  to  the 
icipal  axes  of  the  section  and  the  deflection  determined  for  these  component  moments  by 
ans  of  the  usual  formulas  for  the  case  in  question.  The  required  resultant  deflection  is  equal 
lie  vector  sum  of  the  component  deflections. 

vSuppose  the  rectangular  section  of  Fig.  131  is  subjected  to  bending  in  a  plane  at  an  angle 

I  axis  OX  due  to  a  uniform  load  of  w  lb.  per  foot.     Required  the  amount  and  direction  of 
resulting  deflection. 

As  the  components  of  moment  parallel  to  the  axes  OX  and  OY  are  proportional  to  the  com- 
tnts  of  the  applied  load  for  these  same  axes,  the  deflection  parallel  to  the  axes  can  be  written 

II  the  deflection  formula  for  uniform  loading,  which  is,  d  =  ^is4  "cv    ^^^^  ^^^-   ^^^" 

component  of  load  parallel  to  the  OX  axis,  we  have  from  the  above  formula 

,    _    5      I*    w  cos  6 

"  ~  ^isiE'  ~~ry 

for  the  load  parallel  to  the  OY  axis,  we  have 

5      Z*    w  sin  d 
3841        T7~ 
Jre  dx  and  dy  are  the  components  of  deflection  for  the  OX  and  OY  axes  respectively. 


For 


dy      = 
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The  vector  sum  of  these  deflections  is 

d  =  (fi/  +  d/)^^ 
where  d  is  the  desired  deflection.     Substituting  the  above  values  of  d~  and  dy,  we  have 

,  _  _^    wl^  (h^  cos^  d  +  lu^  sin^  e\  H 
384'   ^  \  hUy^  I 

From  Fig.  131(a)  the  angle  which  the  resultant  deflection  makes  with  axis  OX  is 

tan  0  =  ^"  =  f"  tan  9 

As  this  expression  is  the  negative  reciprocal  of  that  given  in  eq.  (1),  Art.  106,  it  can  be  seen  th 

the  direction  of  deflection  is  perpendicular  to  the  neiftral  axis  for  the  given  plane  of  bendin 

If  the  loading  conditions  differ  from  those  assumed  in  the  above  analysis,  it  is  only  nect 

sary  to  change  the  value  of  the  constant  ^334  —  of  eq.  (16)  to  meet  the  required  conditioi 


d' 


(1 


Pidl> 


The  Section 


■^ 

'"X"^^ 

"is 

^^ 

/nertia 

-%- 

Ellipse 

%\ 

(c) 

% 

The  amount  and  direction  of  deflection  can  also  be  determined  by  graphical  methods  wk  j 
are  based  on  certain  properties  of  the  ellipse.     Eq.  (16)  can  be  written  in  the  form  1 

V/x^cos^e  +//sm2  0/  J 


_^    n^^       1 
"^  "  384     ^    ^  Z)' 


where  D 


Jo.  II 


cos^  9  +  /y^sin 

This  value  of  D  can  be  shown  to  be  the  equation  of  an  ellipse  with  major  and  minor  axes  /x  a* 
ly.     Fig.  131(6)  shows  the  D-ellipse  for  a  rectangular  section.     The  vector  D,  measured 
shown  in  Fig.  131(5),  gives  the  denominator  of  the  above  equation  for  loading  on  the  giv 
plane. 

As  stated  above,  the  direction  of  deflection  is  perpendicular  to  the  neutral  axis 
neutral  axis  can  be  located  by  means  of  the  inertia  ellipse  of  the  section.     A  complete  discu 
of  the  inertia  ellipse  will  be  found  in  advanced  works  on  Mechanics,  to  which  the  readei 

referred. 

Fig.  131  (c)  shows  the  inertia  ellipse  for  a  rectangular  section.  It  is  constructed  with  ma 
and  minor  axes  equal  to  the  radii  of  gyration  of  the  section  for  the  axes  OX  and  OY . 
locate  the  neutral  axis,  draw  through  point  0  a  line  parallel  to  the  plane  of  bending.  Dr 
a-a,  any  chord  of  the  ellipse  parallel  to  the  plane  of  bending.  Bisect  this  chord,  and  throi 
its  center  point  draw  a  line  n-n  which  passes  through  the  point  O.  This  line  is  parallel  to 
direction  of  the  neutral  axis  for  the  given  direction  of  bending.  This  construction  is  based 
the  fact  that  eq.  (1)  expresses  the  relation  which  exists  between  the  conjugate  diameters 

an  ellipse.  .    ^ 

A  Une  perpendicular  to  n-n  gives  the  direction  of  the  desired  deflection,  as  shown  in  i- 

131(c). 
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STEEL  SHAPES  AND  PROPERTIES  OF  SECTIONS 
By  Walter  W.  Clifford 

1.  Steel  Shapes. — The  steel  used  in  structures  is  in  the  form  of  single  pieces,  or  combinations 
>f  two  or  more  pieces,  to  which  the  general  term  shapes  is  applied.  The  procedure  in  the  manu- 
acture  of  these  shapes  consists  of  the  following  operations:  (1)  smelting  iron  ore  and  producing 
)ig  iron;  (2)  converting  the  pig  iron  into  rectangular  prisms  of  steel,  called  ingots;  and  (3)  rolling 
he  ingots  to  the  desired  shapes.  The  shapes  used  in  building  construction  are:  square  and 
ound  rods  or  bars,  flat  bars  or  flats,  plates,  angles,  channels,  I-beams,  H-sections,  zees  and  tees. 
i'lat  members  6  to  7  in.  wide  and  less  are  usually  designated  as  bars  or  flats;  over  6  to  7  in.  wide 
re  designated  as  plates.  Zees  and  tees  are  not  now  used  to  any  great  extent.  Zees  have 
een  used  extensively  for  columns  but  are  rapidly  becoming  obsolete.  H-sections  are  designed 
or  use  as  columns. 

The  process  of  rolling  I-beams,  channels,  angles,  etc.,  is  in  general  as  follows:  The  ingots 
re  heated  to  a  uniform  temperature  in  soaking  pits,  and  then  are  taken  out  and  passed 
everal  times  through  a  set  of  rolls,  called  bloo7ning  rolls.  These  rolls  give  to  a  piece  only 
he  general  shape  (rectangular,  flat,  or  square)  of  the  finished  product.  The  next  step  is  to 
>ass  the  steel  through  the  roughing  rolls,  and  then  the  piece  is  passed  to  the 
inishing  rolls  where  the  final  shaping  takes  place.  The  pieces,  still  very  hot, 
,re  then  passed  on  by  movable  tables  to  circular  saws  where  they  are  cut  into 
equired  lengths. 

The  usual  method  of  increasing  sectional  area  of  standard  shapes  is  shown 
|ti  Fig.  1.  For  example,  suppose  it  is  desired  to  roll  channels  or  I-beams 
aving  the  same  depth,  but  different  thicknesses  of  web.  These  sections  are 
Iways  rolled  horizontally  and  the  increase  in  thickness  of  web  is  accomplished  by  changing  the 
istance  between  the  rolls,  the  effect  being  to  change  the  width  of  flange  as  well.  Thus,  two 
earns  with  the  same  height  but  different  weights  differ  simply  by  a  rectangle  as  shown.  It 
rill  be  seen,  also,  that  for  an  angle  with  certain  size  of  legs  the  effect  of  increasing  weight  is  to 
hange  slightly  the  length  of  legs,  and  to  increase  the  thickness. 

Some  beam,  girder  and  H-sections  are  shaped  by  four  rolls  instead  of  the  two  grooved 
ills  used  for  manufacturers'  standard  shapes.  The  use  of  so  many  rolls  makes  possible  a 
ariation  of  height  as  well  as  width,  and  both  are  increased  with  additional  weight  in  H-sections. 

Plates  when  rolled  to  exact  width,  the  width  being  controlled  by  a  pair  of  vertical  rolls, 
re  known  as  universal  mill  or  edged  plates.  Plates  rolled  without  the  width  being  controlled 
ave  uneven  edges  and  must  be  sheared  to  the  correct  width.  Such  plates  are  known  as  sheared 
lates. 

The  properties  of  the  standard  shapes  manufactured  by  the  different  steel  companies  are 
he  same.  The  standard  shapes  of  the  Assoc,  of  Am.  Steel  Mfrs.,  are  rolled  by  all  mills,  but 
ich  company  also  has  its  own  list  of  special  shapes.  These  special  shapes,  which  are  different 
)r  the  different  mills,  are  not  as  likely  to  be  in  stock  as  the  standard  shapes. 

The  different  steel  companies,  rolling  structural  sections,  change  the  dimensions  and 
eights  of  their  structural  sections  from  time  to  time.  "  Consequently,  the  designer  should 
iways  consult  the  latest  handbooks  of  the  steel  companies  for  information  concerning  the 
;ructural  shapes. 
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Standard  1-heams  are  rolled  in  depths  from  3  to  30  in.  and  standard  channels  from  3  to  If 
in.     For  each  depth  of  I-heani  and  channel  there  are  several  standard  weights. 

Minimum  sizes  of  steel  shapes  are  more  likely  to  be  found  in  stock  and  are  the  most  effi- 
cient for  resisting  bending  considering  the  weight  of  material  used.  The  rolls  are  made  espe- 
cially for  these  sections  and  the  heavier  sections  for  a  given  depth  of  beam  are  obtained  bj 
spreading  the  rolls  as  explained  above. 

I-beams  and  channels,  15  in.  and  under,  and  angles  6  in.  and  under,  take  the  base  price\ 
Heavier  sections  are  charged  for  at  a  higher  rate,  usually  10  c.  per  100  lb.,  above  base  price. 

2.  Properties  of  Sections. — The  fundamental  properties  of  sections  may  be  said  to  be 
sectional  dimensions,  location  of  the  center  of  gravity,  and  the  moments  of  inertia  about  tb 
various  axes.  The  distance  from  the  center  of  gravity  to  the  most  stressed  fiber  c;  the  sectioi 
modulus  S;  and  the  radius  of  gyration  r,  follow  from  these. 

The  method  of  finding  the  center  of  gravity  is  explained  in  Sect.  1,  Art.  44.  The  derivatioi 
and  use  of  /  and  S  are  explained  in  the  chapter  on  "Simple  and  Cantilever  Beams"  in  Sect.  1 
The  use  of  r  is  considered  in  the  chapter  on  "Columns"  in  Sect.  1. 

To  facilitate  the  work  of  the  designer,  certain  so-called  properties  of  steel  sections  are  pub 
lished.  The  facility  with  which  a  designer  can  find  and  use  these  properties,  which  are  givg< 
in  manufacturers'  handbooks  and  elsewhere,  has  much  to  do  with  the  amount  of  work  which  h 
can  accomplish. 

It  is  not  intended  to  include  in  this  handbook  steel  tables  similar  to  those  which  are  avail 
able  in  the  steel  manufacturers'  handbooks  or  in  Ketchum's  "Structural  Engineers'  Handbook. 
Articles  which  follow,  however,  give  the  necessary  general  information  concerning  such  tabic 
and  their  use. 

2a.  Properties  of  Wood  Sections.— Wood  sections  are  commonly  rectangulai 
and  therefore  easily  designed  by  the  fundamental  formulas.  It  should  be  remembered,  how 
ever,  that  the  actual  sizes  of  dressed  lumber  are  not  the  nominal  sizes.  This  handbook  give 
all  the  tables  commonly  needed  for  the  structural  design  of  wooden  members,  but  tabl«' 
are  also  published  by  various  lumber  associations.  The  "Southern  Pine  Manual"'  contaii 
excellent  tables.  This  manual  gives  7  and  S  for  various  sections;  tables  of  allowable  unifon 
loads  for  plank  and  beams,  considering  moment,  shear,  and  deflection;  and  tables  of  colu: 
loads.  In  addition  there  are  tables  of  allowable  loads  for  trussed  beams  and  much  misci 
laneous  information  about  yellow  pine. 

26.  Properties  of  Steel  Sections — Beams. — The  steel  manufacturers'  handbooM' 
give  very  complete  tables  of  properties  of  steel  sections.     Uniformly  loaded  I-beams,  channeM 
and  angles  should  be  selected  from  the  tables  of  safe  or  allowable  uniform  loads.     These  tabU   * 
can  also  be  adapted  for  other  loadings,  such  as  for  a  load  concentrated  at  the  center,  in  whio 
case  a  beam  should  be  selected  which  will  carry  twice  the  load,  uniformly  distributed.     Fort   ^ 
number  of  load  concentrations,  approximately  equal  in  amount  and  spacing,  the  load  may  I    n- 
considered  as  uniform. 

■  For  irregular  loadings  on  I-beams  and  channels  the  moment  and  shear  should  be  compute 
and  the  tables  used  which  give  the  allowable  resisting  moment  and  shear  of  the  various  shape 
If  desired,  however,  the  beams  may  be  designed  by  computing  the  section  modulus  and  selec 
ing  the  proper  size  of  beam  from  the  tables  of  properties.  Angles,  tees  and  other  miscellaneoi 
shapes  used  as  beams  must  usually  be  designed  by  use  of  the  section  modulus,  as  few  tables  i 
safe  loads  or  resisting  moments  and  shears  are  given  for  these  shapes. 

Bethlehem  beams  and  girders  differ  from  the  manufacturers'  standard  sections  rolled  b 
other  manufacturers.  The  beams  have  heavier  flanges,  and,  where  moment  is  the  consideratioi 
they  are  lighter  for  the  same  strength  than  other  sections.  Their  webs  are  lighter  than.i 
standard  sections.  Bethlehem  girder  sections  are,  for  their  depths,  the  strongest  sections  rolle<j|  j- 
They  have  nearly  twice  the  carrying  capacity  of  the  manufacturers'  standard  section  for  tl'"'^ 
same  depth,  but  they  are  uneconomical  where  there  is  room  for  a  deeper  section.  Tables  ( 
uniform  loads  for  Bethlehem  sections  are  given  in  Bethlehem  Handbook.  The  common  pro|| 
erties  are  also  given. 

*  Southern  Pine  Association,  New  Orleans,  La. 
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Buiit-up  steel  beam  properties  usually  have  to  be  computed  with  the  properties  of  the 
component  parts  as  a  basis.  Some  properties  of  the  more  common  plate-girder  sections  are 
given  in  the  principal  steel  handbooks. 

To  compute  the  moment  of  inertia,  /,  of  a  built-up  girder  section  al)out  the  neutral  axis 
of  the  net  section — that  is,  when  rivet  areas  on  the  tension  side  are  to  be  deducted — the  moment 
of  inertia  is  first  computed  about  an  axis  through  the  geometrical  center  of  the  section  and  then 
corrected  so  as  to  obtain  the  value  about  an  axis  through  the  center  of  gravity  of  the  net  section. 

In  regard  to  the  position  of  the  neutral  axis  in  a  plate  girder  section  Lewis  E.  Moore  has 
the  following  to  say  in  his  book  on  the  "Design  of  Plate  Girders." 


Z- 14  x^"  Coyer plafes 
J-36aJ' treb 


Some  authors  claim  that  the  neutral  axis  should  be  determined  by  considering  the 
aet  section  on  the  tension  side  and  the  gross  section  on  the  compression  side.  The  net 
lection  exists  only  over  a  short  proportion  of  the  length  of  the  beam  and  it  seems  very 
easonable  that  the  neutral  axis  should  in  general  be  nearer  the  position  which  is  deter- 
■nined  by  using  the  gross  area  than  that  determined  by  using  partly  gross  and  partly  net 
ireas.  It  seems  an  entirely  reasonable  assumption  that  the  axis  does  not  shift  violently 
ip  and  down,  but  remains  in  substantially  the  same  vertical  position  throughout  the  Fig.   2. 

ength  of  a   properly   designed   beam.     It   seems   reasonable  that   this   position  will  be 

learer  to  the  neutral  axis  of  the  preponderating  section,  which  is  the  gross  section.  The  truth  of  the  matter  pro- 
)ably  is  that  the  neutral  axis  lies  somewhere  between  the  two  extreme  positions  determined  by  the  two  methods 
nentioned  above  and  probably  nearer  to  that  determined  by  using  the  gross  section. 

In  keeping  with  Mr.  Moore's  discussion  the  resisting  moment  of  a  plate  girder  is  usually 
letermined  by  considering  the  neutral  axis  through  the  center  of  gravity  of  the  gross  area  and 
hen  finding  the  moment  of  inertia  about  that  axis  deducting  for  the  rivet  holes  in  the  tension 
lange. 

The  following  example  illustrates  the  method  of  computing  /  about  the  neutral  axis  of 
he  gross  section  by  the  rules  and  methods  given  in  Aits.  44  and  61^,  Sect.  1.  A  girder  is 
ssumed  as  shown  in  Fig.  2  with  three  ^4-in.  rivets  in  the  tension  side  of  the  section. 
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A 
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Dist.  c  of  g.  of  part 
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whole 
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0 
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381  in. 3 
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19.3  in.3 


0 

6310  in.'' 
4800  in. ♦ 


583    in.« 
283  in. « 


1944  in. 4 
SO  in.* 


Net/ 


le'AJ'/i 


The  allowance  made  for  a  rivet  hole  is  for  a  hole  Y^  in.  more  in  diameter  than  the  diameter 
of  the  rivet — that  is,  J-^  in.  for  a  %-in.  rivet.  The  properties  of  the 
plates  may  be  taken  from  tables  in  the  steel  handbook  or  may  be  easily 
computed.  The  area  and  /  tor  the  angles  may  be  taken  directly  from 
the  handbook  (properties  of  angles).  The  x  distance  used  for  an  angle 
is  one-half  the  distance  back  to  back  of  the  angles,  less  the  distance  from 
the  back  of  the  angle  to  its  center  of  gravity.  Areas  of  rivet  holes  may 
be  taken  from  the  steel  handbook  or  from  table  on  p.  276  of  this  hand- 
book.    /  for  the  cover  plates  and  rivet  holes  is  neglected. 

The  same  general  form  of  computation  may  be  used  for  built-up 
In  the  following  computations  for  radius  of  gyration,  a  chord  section  as 


2-3'x3xs't 

4-3'krxi"t^  II 

9i' b-b  oufside  k 
Fig.  3. 


lord  sections 

lown  in  Fig.  3  is  assumed 
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Member 

A 

X 

(above 

bottom  of 

section) 

Ax 

Ax2 

I 

I  +  Ax"- 

6.0    in.2 
7.5    in.2 
4.22  in.2 
8.44  in.2 

10.7    in. 
5.25  in. 
9.61  in. 
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64   2  in.' 

39.4  in.' 
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7  in.* 
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7  in.* 

687  in.* 

457  in.* 

393  in.* 

14  in.* 

26.16  in.: 

151.6  in.' 

1551  in.* 

151.6 


=  5.8  in.  distance  of  center  of  gravity  above  bottom  of  section. 


26.16 

1551  — ■  (26.16)(5.8)2  =  671  in.*  =  /about  center  of  gravity  of  entire  section. 


5.08  in. 


Columns. — I-beams  are  occasionally  used  as  columns.  Their  properties  will  be  found  as 
noted  under  beams.  The  only  rolled  steel  column  section  in  common  use  is  the  H-section. 
The  Carnegie  Co.  rolls  4,  5,  and  6-in,  H-sections;  and  the  Bethlehem  Co.  rolls  8,  10,  12,  and 
14-in.  H-sections  in  a  large  range  of  weights.  The  properties  of  various  built-up  columns  o) 
pairs  of  channels,  both  latticed  and  with  cover  plates,  and  of  plate  and  angle  sections  ar( 
given  in  the  steel  handbooks.  Ketchum  also  gives  properties  of  built-up  column  sections 
For  general  method  of  computing  /  and  r  for  compound  sections,  see  preceding  article. 

There  are  also  patent  columns  such  as  Lally  columns,  ^  and  cast-iron  columns  for  second-clas.' 
construction  or  light  loads,  whose  properties  are  given  in  books  issued  by  the  manufacturers  ( 

Struts  and  Ties. — In  the  design  of  struts  and  ties,  it  is  found  convenient  to  have  tables  giving  < 
the  values  of  the  radius  of  gyration  r,  and  also  tables  giving  net  areas  deducting  rivet  holes 
The  principal  steel  handbooks  give  values  of  r  for  pairs  of  different  angles  back  to  back,  anc 
also  the  net  areas  for  angles.  It  should  be  noted  that  the  minimum  r  foi  a  single  angle  is  no' 
about  an  axis  parallel  to  either  leg.  This  minimum  r  is  given  in  the  tables  of  the  properties  o: 
angles. 

2c.  Properties  of  Concrete  Sections. — Various  tables  and  curves  for  concrete 
design  are  published  both  in  this  handbook  and  in  Hool  and  Johnson's  "Concrete  Engineers' 
Handbook,"  also  in  "Reinforced  Concrete  Design  Tables"  by  Thomas  and  Nichols. 

2d.  Properties  of  Cast-iron  and  Miscellaneous  Sections. — The  shapes  in  whicH 
materials  like  cast-iron  and  masonry  are  used  are  not  standard.     There  are  therefore,  in  general 
no  available  tables  of  properties.     Recourse  must  be  had  to  the  general  principles  previousl} 
given.     Sections  in  these  materials  can  ordinarily  be  divided  into  geometric  figures.     Th<  J 
properties  of  the  more  common  geometric  forms  are  to  be  found  in  the  steel  handbooks. 
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Under  this  heading  will  be  considered  only  timber  beams  and  girders  of  solid  and  unifonr  ' 
section. 

Wooden  beams  are  used  in  building  construction  generally  as  joists  or  girders  supporting 
vertical  loads  only.  Certain  exceptions  to  this  general  rule  are  cases  in  which  timbers  may  b( 
employed  in  wall  framing,  as  girts  or  vertical  beams,  to  resist  the  lateral  force  of  wind. 

3.  Factors  to  be  Considered  in  Design. — The  factors  determining  the  selection  of  the  sizt 
of  a  wooden  beam  are: 

(o)  The  maximum  unit  fiber  stress  in  bending  must  not  be  excessive. 
'  The  Lally  Column  Co.,  New  York  and  Chicago. 
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(h)  The  maximum  unit  stress  due  to  horizontal  shear  must  not  be  excessive. 

(c)  The  deflection  of  the  beam  under  maximum  loading  must  be  within  the  allowable  limit. 

(d)  The  depth  must  be  within  any  limits  of  space  between  floor  and  ceiling,  or  in  accor- 
dance with  any  restrictions  as  to  clear  story  height. 

(e)  The  cross-sectional  dimensions  should  be  of  a  size  easy  to  obtain. 

(/)  The  cross-sectional  dimensions  should  be  considered  as  to  requirements  of  details  of 
connection. 

(g)  One  or  both  of  the  cross-sectional  dimensions  may  be  limited  by  the  building,  as  in  frame 
or  mill  construction. 

The  fundamental  bending  formula  used  in  the  design  of  beams,  is  treated  in  the  chapter  on 
"Simple  and  Cantilever  Beams"  in  Sect.  1.  Shear  and  deflection  are  also  treated  in  the  same 
chapter. 

4.  Allowable  Unit  Stresses. — Unit  stresses  for  design  of  wooden  beams  are  usually  pre- 
scribed by  building  ordinances  for  the  various  kinds  of  timber.  These  allowable  stresses  vary 
widely  in  different  cities,  the  older  ordinances  in  general  prescribing  lower  limits  than  the  more 
recent  ones.  The  tendency  in  revising  ordinances  is  to  increase  the  allowable  unit  stresses  in 
timber,  at  least  for  timber  in  bending.  This  feature  is  due  largely  to  the  efforts  of  the  lumbei 
manufacturers'  organizations  in  competition  with  the  constantly  widening  use  of  reinforced 
concrete.  At  the  same  time  these  manufacturers,  in  conjunction  with  engineering  organizations, 
are  giving  moie  attention  to  the  grading  rules  and  to  furnishing  timber  of  uniform  high  quality. 
In  comparing  the  allowable  unit  stresses  found  in  various  building  ordinances  the  prescribed 
live  loading  must  also  be  taken  into  consideration.  For  example,  a  limit  of  1500  lb.  per  sq.  in. 
in  bending  with  a  60-lb.  live  load  will  give  the  same  size  beam  as  a  40-lb.  live  load  with  a  limiting 
fiber  stress  in  bending  of  1000  lb.  per  sq.  in. 

It  is  obvious  that  the  allowable  unit  stresses  are  dependent  on  the  quality  of  timber  used. 
In  this  respect  most  of  the  newer  building  ordinances  allow  higher  stresses  for  a  select  grade  of 
lumber,  whereas  older  ordinances  make  no  distinction  in  grade,  or,  more  accurately  speaking, 
they  prescribe  for  the  grade  of  timber  most  likely  to  be  used. 

5.  Kinds  of  Timber. — The  timbers  most  commonly  used  for  wooden  beams  in  building 
construction  are  long-leaf  yellow  pine  and  Douglas  fir,  the  first  being  employed  almost  exclu- 
sively throughout  the  Eastern  states,  and  the  latter  having  its  widest  use  in  the  Pacific  Coast 
states.  Less  extensively  employed,  may  be  mentioned  short-leaf  yellow  pine,  white  pine, 
Norway  pine,  spruce,  hemlock  and  redwood. 

6.  Quality  of  Timber. — The  desired  quality  of  structural  timber  is  determined  by  specifica- 
tions or  by  referring  to  the  grading  rules  established  by  the  different  lumber  manufacturers, 
the  U.  S.  Department  of  Commerce,  A.  S.  T.  M.,  A.  R.  E.  A.,  and  others.  The  lumber  grades 
usually  available  are  Select  and  Comvion.  The  Dense  Select  grade  is  sometimes  available  in 
Southern  pine  and  Douglas  fir. 

The  designer  may  not  control  the  construction  of  the  building.  If  he  does  not,  and  sus- 
pects that  his  specifications  may  not  be  followed,  he  will  be  wise  to  use  conservative  stresses. 
Tallies  of  suitable  allowable  unit  working  stresses  for  timber  are  given  in  the  appendices  at  the 
end  of  Vol.  II. 

7.  Holes  and  Notches  for  Pipes,  Conduits,  etc. — Plumbers,  electricians,  and  gas  fitters  are 
no  respecters  of  architects  and  engineers,  and  have  no  hesitation  in  boring  a  hole  or  cutting  a 
notch  in  a  joist  or  girder.  This  fact  is  an  additional  reason  for  using  conservative  stresses  in  the 
■alculation  of  joists  and  girders,  and  especially  the  former. 

8.  Horizontal  Shear. — In  deep  short  beams  the  safe  unit  stress  in  horizontal  shear  may  be 
he  determining  feature.  This  will  seldom  be  the  case  in  the  design  of  joists,  but  may  be  a 
actor  in  the  selection  of  the  proper  size  for  girders.     In  this  connection  the  effect  of  possible 
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cliecks  at  the  ends  of  the  beam,  in  or  near  the  horizontal  plane,  should  be  considered.     Such 
checks  obviouslj^  decrease  the  section  of  beam  for  resisting  sheaiing  stresses. 

9.  Bearing  at  Ends  of  Beams. — Sufficient  bearing  must  be  provided  at  the  ends  of  all  Vjeams, 
so  that,  with  the  maximum  reaction  at  the  support,  the  timber  may  not  crush  in  side  bearing. 
Most  structural  timbers  are  comparatively  weak  in  cross  bearing.  The  details  at  the  ends  of 
timber  beams  are  often  poor,  insufficient  bearing  area  being  provided,  so  that  the  beams  could 
never  develop  their  safe  loads  as  determined  by  bending  strength.  In  general  no  beam  should  ■ 
have  a  smaller  bearing  area  than  given  by  the  product  of  the  width  of  the  beam  by  4  in.  Details 
of  end  connections  of  beams  and  girders  are  discussed  in  Arts.  122  and  123. 

10.  Deflection. — If  a  beam  has  insufficient  depth  for  its  span,  it  will  deflect  excessively. 
The  result  may  be  a  cracked  ceiling,  if  the  latter  is  plastered,  or,  in  an  unplastered  building, 
merely  a  floor  that  shakes  when  walked  upon.  The  limit  of  deflection  of  a  timber  joist  is 
generally  placed  at  3*^00  of  the  span. 

Timber  is  different  from  the  other  building  materials,  such  as  steel  or  concrete,  in  that,  if 
loaded  excessively  with  a  constant  load,  its  deflection  will  continue  to  increase  with  no  increase 
of  load,  even  though  the  maximum  unit  stress  in  bending  be  within  the  elastic  limit  of  the  par- 
ticular timber.  For  this  reason,  many  specifications  require  that  the  modulus  of  elasticity  for 
"dead,"  or  constant,  loads  be  taken  as  one-half  the  modulus  of  elasticity  used  for  "live," 
or  occasional,  loading,  the  latter  quantity  being  the  value  determined  from  a  short-time  loading 
test.  For  example,  the  Am.  Ry.  Eng.  Assoc,  through  the  committee  on  "Wooden  Bridges  and 
Trestles,"  recommends  "To  compute  the  deflection  of  a  beam  under  long-continued  loading 
instead  of  that  when  the  load  is  first  applied,  only  50%  of  the  corresponding  modulus  of 
elasticity  given  in  the  table  is  to  be  employed."  Tests  by  Tieneman^  indicated  that  a  beam 
may  be  loaded  to  within  20%  of  its  elastic  limit  without  danger  of  increase  of  deflection. 

The  recommendation  is  here  made  that  for  constant  or  "dead"  loads  the  modulus  of  elas- 
ticity be  taken  at  ^i  that  given  in  the  table  in  Sect.  7,  Art.  10,  while  for  occasional  or  "live" 
loading  the  full  values  of  this  table  be  used. 

11.  Lateral  Support  for  Beams. — A  timber  beam  needs  to  be  supported  laterally  in  the 
same  manner  as  a  beam  of  steel  or  concrete.  Floor  joists  are  braced  by  the  flooring  and  alsc 
by  the  bridging,  while  the  girders  are  held  by  the  attachment  of  joists. 

In  the  case  of  a  beam  unsupported  laterally,  the  maximum  unit  fiber  stress  in  flexure 
should  not  exceed  the  value  j 

^  =  ''{'- io'i) 

where  /)  =  basic  unit  flexural  fiber  stress,  I  =  span  of  beam  in  inches,  and  b  =  breadth  of  bean 
in  inches.  2 

12.  Sized  and  Surfaced  Timbers. — The  fact  must  always  be  borne  in  mind  by  the  designei 
of  timber  beams  that  a  variation  from  the  nominal  size  of  timbers  is  allowed  by  all  grading  rules 
also,  that  if  timber  beams  are  sized,  the  actual  depth  is  less  than  the  nominal  depth.  Further 
if  timber  is  bought  from  a  local  lumber  yard,  joists  may  come  surfaced  one  side.  In  general 
all-rail  shipments  of  timbei's  are  surfaced  one  side  one  edge  (SISIE)  while  all-water  ship 
ments  are  not  surfaced.  The  actual  dimensions  of  the  finished  stick  must  he  used  in  all  calcnla 
tions.  Tables  1,  2,  3,  6,  7,  8.  and  9  show  the  relation  between  actual  sizes  and  nomina 
sizes. 

13.  Joists. — Joists  usually  carry  only  a  uniform  load  composed  of  the  weight  of  the  joist: 
themselves  plus  the  flooring  plus  superimposed  loads  of  people,  furniture,  etc.  The  lattei 
loads  are  commonly  termed  "live"  loads  in  contrast  with  the  constant  loads  due  to  the  weighi 
of  the  floor  construction  itself,  called  "dead"  loads.  The  joists  carry  the  flooring  directl.v  or 
their  upper  surfaces,  and  are  in  turn  supported  at  their  ends  by  girders,  bearing  partitions  oi 

1  See  E7ig.  News,  vol.  62,  pp.  216-217. 

^  Properly  the  factor  J^o  holds  only  for  the  case  of  simple  beams  loaded  uniformly  and  at  the  third  points,  anc 
for  cantilever  beams  with  uniform  loading.  For  a  simple  beam  with  single  concentrated  load  at  any  point  of  spall 
the  factor  is  H2O1  while  for  quarter  point  loading  the  factor  is  J^o- 
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liearing  walls.  Joists  are  always  single  sticks  of  timber.  Joists  may,  and  often  do,  carry  con- 
(!entrated  loads  in  addition  to  the  iinitorm  loads  mentioned  above.  Such  concentrations  may 
be  caused  by  heavy  pieces  of  furniture,  safes,  etc.,  by  cross  partitions  resting  on  the  floor,  or  by 
special  floor  framing  as  required  by  openings  in  the  floor. 

Many  designs  of  joists  or  girders  are  faulty  in  that  the  designer  has  not  considered  such 
concentrated  floor  loads  in  addition  to  the  uniform  loading.  In  design,  with  the  use  of  tables 
giving  safe  loads  for  timber,  the  beams  selected  thereby  may  not  be  sufficient  for  all  cases  of 
framing  where  loading  has  been  assumed  to  be  uniform.  For  such  cases,  the  concentrations 
are  sometitnes  reduced  to  equivalent  uniform  loads  before  entering  the  tables.  A  correct 
and  satisfactory  method,  except  for  the  simpler  cases,  is  to  compute  the  separate  bending 
moments  due  to  each  load  and  combine  these  partial  moments  to  get  the  amount  and  position 
of  the  maximum  moment.  The  combination  of  the  partial  moments  may  be  quickly  accom- 
plished by  graphical  methods,  as  illustrated  in  Art.  46.  Having  this,  the  required  section  is 
Basily  found  (see  chapter  on  "Simple  and  Cantilever  Beams,"  Sect.  1). 

Table  6  gives  the  resisting  moments  of  rectangular  beams,  computed  on  the  basis  of  the 
ictual  finished  sections,  for  maximum  unit  fiber  stresses  varying  from  1000  to  2000  lb.  per  sq.  in. ; 
ilso  the  factors  by  which  the  moments  in  the  tables  are  to  be  multiplied  to  get  the  resisting 
noments  of  the  rough  sections. 

14.  Girders. — Girders  may  be  single  sticks  or  composite  sections.  Girders  usually  sup- 
30rt  joists,  and  in  turn  are  supported  by  columns  or  bearing  walls.  When  girders  are  carried 
)therwise  than  by  columns,  the  fact  must  always  be  borne  in  mind  that  such  girders  deliver  a 
!oncentrated  load  of  some  magnitude  to  the  wall,  or  bearing  partition,  and  care  must  be  taken 
0  see  that  such  wall  or  partition  is  strong  enough  in  column  action  to  carry  the  load  imposed 
ipon  it  by  the  girders. 

For  ordinary  building  construction,  where  timber  not  better  than  No.  1  Common  is  likely 
6  be  used,  it  is  recommended  that  the  maximum  unit  fiber  stress  in  bending  for  long-leaf  yellow 
)ine  or  Douglas  fir  be  limited  to  1500  lb.  per  sq.  in.,  and  the  maximuiji  unit  longitudinal  shearing 
tress  be  limited  to  150  lb.  per  sq.  in.  For  timber  of  the  grade  of  Select  Structural,  or  Select 
^o.  1  Common,  the  unit  flexural  stress,  computed  always  on  the  basis  of  actual  finished  sections, 
lay  be  increased  to  1800  lb.  per  sq.  in.,  and  the  unit  longitudinal  shearing  stress  to  175  lb.  per 
q.  in. 

Tables  1,  2,  and  3  give  the  safe  loads,  deflection,  and  maximum  unit  shearing  stresses  for  2, 
and  4-in.  joists,  respectively.  The  maximum  unit  fiber  stress  in  bending  is  1500  lb.  per  sq. 
,  computed  on  the  finished  size  of  joist.  The  deflection  is  based  on  a  modulus  of  elasticity 
1,643,000.  The  maximum  intensity  of  horizontal  shearing  stress  is  given  for  the  shortest 
Jan.  To  use  this  table  for  other  unit  flexural  fiber  stresses,  the  values  in  the  tables  must  be 
ultiplied  by  the  factors  of  Tables  4  and  5. 

S  Illustrative  Problem. — Required  to  find  proper  size  of  joist  to  support  a  load  of  5500  lb.  on  a  14-ft.  span,  with  a 
er  btress  of  1200  lb.  per  sq.  in. 

From  Table  5  we  find  factor  of  multiplication  to  be  1.250.  The  new  load  to  use  in  entering  Tables  1,  2,  and  .3 
therefore  5500  lb.  X  1.2.50  =  C870  lb.  From  Table  1  it  is  seen  that  a  3  X  16-in.  joist  on  a  14-ft.  span  has  a  safe 
Trying  capacity  of  71.50  lb.  (at  1500  lb.  per  sq.  in.). 

Illustrative  Problem. — Given  a  2  X  14-in.  joist  on  a  16-ft.  span.  Required  the  safe  load  as  limited  by  a 
ximum  unit  fiber  stress  of  1200  lb.  per  sq.  in.  in  bending.  From  Table  1,  the  safe  load  for  1500  lb.  pei  sq.  in. 
bending  is  seen  to  be  3085  lb.  From  Table  4,  the  factor  of  multiplication  is  seen  to  be  0.80,  giving  the  safe  load 
2468  lb. 

Diagram  on  p.  102  gives  a  simple  method  for  solving  the  strength  of  any  timber  beam 
determined  by  maximum  unit  strength  in  bending,  also  for  determining  the  proper  size 
any  timber  beam  to  support  a  given  load  in  bending. 

Illustrative  Problem. — Given  a  total  floor  load,  dead  and  live,  of  174  lb.  per  sq.  ft.,  span  13  ft.  1  in.  What 
e  joists,  spaced  16  in.  on  centers,  will  support  this  load  with  a  maximum  unit  fiber  stress  of  1800  lb.  per  sq.  in.? 

Lay  a  flexible  straight  edge,  such  as  a  card,  on  the  diagram,  p.  102,  joining  Point  A  (174  lb.  per  sq.  ft.)  with 
(16-in.  spacing),  and  mark  intersection  C  on  Working  Line.  Pivoting  card  about  C,  connect  ('  with  D  (13  ft. 
n.)  and  read  5000  ft. -lb.  at  E.  Connect  E  with  F  (1800  lb.  per  sq.  in.),  crossing  Working  Line  at  G.  Pivoting 
rd  about  G,  set  card  on  1?^  in.  (width  of  beam)  at  H  and  read  llH  in.  (depth  of  beam)  at  A'. 
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15.  Explanation  of  Tables. — In  Tables  1,  2,  and  3,  the  first  line  of  figures  in  each  group  rep- 
esents  the  safe  load  for  the  particular  beam,  including  the  weight  of  the  beam  itself.  The 
econd  line  of  figures  gives  the  deflection  in  inches  for  the  beam  at  the  maximum  safe  load,  com- 
)uted  for  a  modulus  of  elasticity  of  1,643,000  lb.  per  sq.  in.  The  third  figure,  where  such  figure 
)ccurs,  indicates  the  maximum  unit  horizontal  shearing  stress.  The  shearing  stress  is  given, 
mly  in  those  cases  in  which  such  shear  is  in  excess  of  150  lb.  per  sq.  in.  All  quantities  in  these 
,ables  are  based  upon  the  surfaced  sizes  of  sticks.  To  obtain  the  safe  loads  for  the  rough  or 
uU  nominal  sizes  of  timber,  the  loads  of  Tables  1,  2,  and  3  must  be  multiplied  by  the  "multiply 
ng  factors  "  of  Table  6.  These  tables  have  been  adapted  from  similar  tables  in  the  "Structural 
Timber  Handbook  on  Pacific  Coast  Woods"  published  by  the  West  Coast  Lumbermen's 
k.ssociation. 

Tables  7,  8  and  9  give  for  timber  joists:  (1)  the  safe  loads  corresponding  to  a  maximum 
lexural  stress  of  1800  lb.  per  sq.  in.,  indicated  in  the  tables  by  the  letter  "  J?";  (2)  the  safe  load, 
niformly  distiibuted,  limited  by  a  maximum  intensity  of  horizontal  shear  of  175  lb.  per  sq.  in., 
idicated  in  the  tables  by  the  letters  "HS";  (3)  the  uniformly  distributed  load  that  produces  a 
eflection  of  Mo  in.  per  foot  of  span,  indicated  in  the  tables  by  the  letter  "  D";  and  (4)  the  deflec- 
on  in  inches  for  a  load  of  10001b.,  uniformly  distributed,  indicated  in  the  tables  by  "Dl." 
.11  deflections  are  computed  for  a  modulus  of  elasticity  of  1,620,000  lb.  per  sq.  in.  All  loads 
nd  deflections  are  computed  on  the  finished  or  surfaced  sizes  of  joists.  For  convenience,  the 
action  moduli  of  the  various  sizes  of  joists  are  given,  based  on  finished  sizes.  These  tables 
re  taken  from  the  "Southern  Pine  Manual"  published  by  the  Southern  Pine  Association. 

Attention  is  called  to  the  vaiiation  of  sizes  of  finished  joists  in  Tables  1,  2,  3  and  Tables 
8,  and  9,  representing  the  difference  between  the  standards  of  the  West  Coast  Lumbermen's 
ssociation  and  the  Southern  Pine  Association,  the  finished  sections  of  the  Southern  Pine 
ssociation  utilizing  a  greater  percentage  of  the  rough  timber  than  the  standards  of  the  West 
bast  Lumbermen's  Association.  All  sizes  of  joists  in  Tables,  1,  2,  and  3  (West  Coast  Lumber- 
en's  Association)  are  for  joists  surfaced  one  side  and  one  edge,  or  surfaced  four  sides  (S4S). 
11  sizes  in  Tables  7,  8,  and  9  (Southern  Pine  Association)  are  for  joists  sui  faced  one  side  and 
e  edge  (SlSlE). 

Attention  is  called  to  shght  changes  which  have  been  made  in  the  standard  sizes  of  struc- 
iral  timbers  and  which  affect  some  of  the  values  given  in  the  tables  following.  The  reader  is 
ferred  to  the  present  American  Lumber  Standards,  A.  S.  T.  M.  Standards  and  Tentative 
iandards.  Standards  of  the  U.  S.  Bureau  of  Standards,  A.  R.  E.  A.  Standards,  etc.,  for  the 
test  information  in  regard  to  lumber  sizes  and  standards. 
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Table  1. — Table   of  Safe  Loads   and    Deflections   For  Timber  Joists  with  Nominal 

Width  of  2  Inches,  Uniformly  Loaded,  Based  on  Maximum  Flexural  Fiber 

Stress  of  1500  Lb.  per  Sq.  In. 


Rough  size 


2X4 


2X6 


2X8 


2X10 


2X12 


2X14 


2X16 


xis 


Surfaced  size 
SISIE  or  S4S> 


Section 
modulus 


12 

13 
14 
15 
10 
17 
18 
19 
20 
21 
22 
23 
24 
25 


1?^X3?^ 


1?^X55 


3.56 


8.57 


IHX7H 


15.23 


IHX9H  iHxiiH  i%xi3>2  iHxioVi'.iHxnH 


24.44     35.82     49.36 


f  1187 
•!  0.0681 
i  151 
I  890 
\  0.121 


712 
.0.189 

593 
0.272 

509 
0.370 


2142 

0  0780 

176 

1714 
0.122 

1428 
0.176 

1224 
0.239 

f   1071 
I  0.312 
I 

f    953 
\  0.395 

r   857 
\  0.487 


779 
0.589 


2538 

0.131 

156 

2176 
0.179 


1904 
0.234 

1692 
0.296 

1523 
0.365 


1385 
0.442 


1269 
0.526 


f  1172 
l0.617 
f  1088 
10.716 
f  1015 
1 0.822 


3491 

0.141 

170 

3055 
0.185 


2716 
0.243 

2444 
0.289 


2222 
0.349 


2037 
0.415 


1880 

0.487 

1746 

0.565 

1629 

0.649 

[  1528 

10.738 

f  1438 

1  0.834 

/  1358 

\ 0  .935 


4478 

0.153 

180 

3980 
0.193 

3582 
0.238 


3256 

0.288 


2985 
0  343 


2755 

0  403 

2559 

0  467 

2388 

0.536 

2239 

0.610 

2107 

0.688 

1990 

0.773 

f  1885 

\  0.860 

f    1791 

10.953 


4936 

0.203 

169 

4487 
0.245 


4113 
0.292 


3797 
0.343 

3526 
0.397 

3291 
0.456 

3085 
0.519 

2904 
0.586 

2742 
0.657 

2598 
0.732 

2468 
0.811 
f  2350 
to. 895 
/  2244 
10.981 


"SISIB  =  surfaced  one  side  and  one  edge. 
S4S  =  surfaced  four  sides. 


65  .07    82  .94 


5915 

0.214 

167 

5423 
0.254 


5005 
0.299 

4648 
0.347 

4338 
0.398 

4067 
0.453 

3828 
0.511 

3615 
0.572 

3426 
0.637 

3254 
0.706 

3099 
0.779 

2958 

0.855 

f  2829 

\  0.935 
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\\BLE  2. — Table   of 

Safe   Loads  and  Deflections  for  Timber  Joists  with  Nominal 

Width  of  3  Inches,  Uniformly  Loaded,  Based  on 

Maximum  Flexural 

Fiber  Stress  of  1500  Lb.  per  Sq. 

In. 

■!izrs 

Rough  size 

1       3X6 

1       3X8 

3X10 

3X12 

3X14 

3X16 

3X18 

Surfaced  size 
SlSlE  or  S4S» 

2HX5J^ 

2HX7H 

2HX9H 

2HxnH 

2M  X  13H 

2HX15>i^ 

2HXl7}i 

'" 

Section 
modulus 

12.60 

23.42 

37.61 

55.10 

75.94 

100.10 

127  60 

f      3150 

4 

0.0797 
i         172 

5 

r      2520 
I    0.125 

r      2100 

3903 

6 

0.179 
!      1800 

0.131 

156 

3346 

5373 

7 

]    0.244 
r      1575 

0.179 
2928 

0.141 

170 

4701 

6888 

8 

0.319 

0  234 

0   185 

0.153 
180 

9 

f      1400 

2602 

4179 

6122 

1    0.404 

0.296 

0.234 

0.193 

f      1260 

2342 

3761 

5510 

7594 

10 

0.498 

0.365 

0.289 

0.238 

0.203 
169 

f      1145 

2129 

3419 

5009 

6904 

9100 

11 

0  603 

0.442 

0.349 

0.288 

0.245 

0.214 
176 

^ 

f       1952 

3134 

4592 

6328 

8342 

10,633 

i 

12 

j     0.526 

0.415 

0.343 

0.292 

0.254 

0.225 

z 

182 

'=.                                   1?! 

/       1802 

2893 

4239 

5842 

7700 

9.815 

i3 

1    0.617 

0.487 

0.403 

0.343 

0.299 

0.265 

■jC 

14 

f       1673 
I    0.716 

2686 

3936 

5424 

7150 

9,114 

0.565 

0.467 

0.397 

0.347 

0.307 

15 

f       1561 

2507 

3673 

6063 

6673 

8,507 

I    0.822 

0.649 

0.536 

0.456 

0.398 

0.352 

16 

2351 

3444 

4746 

6256 

7,975 

I    0.738 

0.610 

0.519 

0.453 

0.401 

17 

f      2212 
I    0.834 

3241 

4467 

5889 

7,506 

0.688 

0.586 

0.511 

0.452 

18 

f      2089 
I    0.935 

3061 

4219 

5561 

7,089 

0.773 

0.657 

0.572 

0.507 

19 

f      2900 
I    0.917 

3997 

5268 

6,716 

0  732 

0  637 

0.565 

20 

f      3797 
I    0.811 

5005 

6,380 

0.706 

0.626 

21 

r      3616 
I    0.895 

4767 

6,076 

0.779 

0.690 

' 

22 

f      3452 
1    0.981 

4550 

5,800 

0.855 

0.758 

23 

/      4352 

5,548 

\    0.935 

0.829 

' 

24 

r     5,317 
I    0.901 

2.5 

f     5,104 
\    0.979 

'        1  SISIE  =  surfaced  one 

side  and  one  edge. . 

I          « 

IS  =  surfaced  four  si 

des. 
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Table   3. — Table   of  Safe  Loads  and  Deflections  for  Timber  Joists  with  Nominai 

Width  of  4  Inches,  Uniformly  Loaded,  Based  on  Maximum  Flexural 

Fiber  Stress  of  1500  Lb.  per  Sq.  In. 


Sizes 

Rough  size 

4X4 

4X6 

4X8 

4X10 

4X12 

4X14 

4X16 

4X18 

Surfaced  size 
SISIE  or  S4S1 

3HX3H 

3KX5H 

3MX7K 

3MX9H 

sHxuyi 

3HX13H 

3MX15H 

3HX17>j 

Section 
modulus 

7.15 

17.64 

32.81 

52.65 

77.15 

106.31 

140.15 

178.65 

r      2383 

3 

0  .0705 
^         146 
!      1788 

4410 

4 

1    0.125 

0.0797 
172 

5 

/      1430 

3528 

1    0.196 

0.125 

f      1192 

2940 

5468 

6 

0.282 

0.179 

0.131 

I     

156 

f      1021 

2520 

4687 

7521 

7 

1    0.384 

0.244 

r      2205 
\    0.319 

0.179 
4101 

0.141 

170 

6581 

9644 

8 

0.234 

0.185 

0.153 

180 

9 

/       1900 

3646 

5850 

8572 

I    0.404 

0.296 

0.234 

0.193 

f      1764 

3281 

5265 

7715 

10,631 

10 

0.498 

0.365 

0.289 

0.238 

0.203 
169 

r      1604 

2983 

4786 

7015 

9,665 

12.741 

11 

0.603 

0.442 

0.349 

0.288 

0.245 

0.214 

J~ 

[ 

176 

i 

<u 

r    2734 

4388 

6429 

8,861 

11,679 

14,888  >il 

s 

12 

]  0.526 

0.415 

0.343 

0  292 

0.254 

0.225    , 

a 

0. 

02 

l 

182     ' 

j    2524 

4050 

5935 

8,178 

10,781 

13,742 

13 

l0.617 

0.487 

0.403 

0.343 

0.299 

0  265 

f    2344 
10.715 

3761 

5511 

7,594 

10,011 

12,761 

14 

0.565 

0.467 

0.397 

0.347 

0.307 

/    2187 

3510 

5143 

7,087 

9,343 

11,910 

15 

lO  .822 

0.649 

0.536 

0.456 

0.398 

0.352 

/    3291 

4822 

6,644 

8,759 

11,166 

16 

10.738 

0.610 

0.519 

0.453 

0  401 

17 

f    3097 
10.834 

4538 

6,254 

8,244 

10,508 

0.688 

0.586 

0  511 

0.452 

18 

f    2924 
10.935 

4286 

5,906 

7,786 

9,925 

0.773 

0.657 

.    0  572 

0  507 

19 

f    4061 
10.860 

5,595 

7,376 

9,403 

0  732 

0.637 

0  565 

20 

/    3858 

5,316 

7,008 

8,933 

10.953 

0.811 

0.706 

0  626 

f  5,063 

6,674 

8,507  . 

21 

\ 0.895 
/  4,832 

0.779 
6,370 

0  690 
8,120 

22 

I  0.981 

0.855 
/  6,093 

0.758 
7.767- 

23 

10.93."^ 

0.8291:' 

1  7.444'' 

24 

\  0  901 

2r, 

/  7.146  J 

lo.snl 

IS 

ISIE  =  surfaced  o 

ne  side  and 

one  edge. 

1 

B 

4S  =  surfaced  four 

siaea. 

it 
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Table  4. — Factors  by  which  Safe  Loads  in  Tables  1,  2  and  3  Mtjst  be  Multiplied  to 

Find  Safe  Loads  that  Given  Size  of  Joist  will  Support  at  a  Unit  Flexural 

Stress  Other  than  1500  Lb.  per  Sq.  In. 

Fable  5. — Factors  by  which  Given  Load   Must  be   Multiplied  to  Find  Equivalent 

Load  to  be  Used  in  Entering  Tables  1,  2,  and  3  to  Find  Proper  Size  of  Joist 

Table  4  Table  5 


Desired  unit 

Faotor  of 

fiber  stress 

multiplication 

1000 

0.667 

1100 

0.734 

1200 

0  800 

1300 

0.867 

1400 

0.933 

1500 

1.000 

1600 

1.067 

1700 

1.133 

1800 

1.200 

2000 

1.333 

Desired  unit 

Factor  of 

fiber  stress 

multiplication 

1000 

1.500 

1100 

1.363 

1200 

1.250 

1300 

1.153 

1400 

1.071 

1500 

1.000 

1600 

0.939 

1700 

0.883 

1800 

0.833 

2000 

0.750 

'able  6. — Maximum  Bending  or  Resisting  Moments  in  Foot-pounds  for  Rectangular 

Beams 

alues  in  this  table  are  based  on  surfaced  sizes.'     To  got  values  for  rough  sizes,  multiply  Resisting  Moment  for 
any  given  size  by  "multiplying  factor"  in  dark  type  in  same  horizontal  line 


Size 

"Mul- 

Sec- 

Mo- 

Resisting moments 

in  foot-pounds  f 

or  safe  fiber  stresses  in 

tiply- 

tion 

ment 

pounds  per  square  inch. 

IS  indicated 

Nominal 

Actual' 

ing 
factor" 

modu- 
lus 

of  in- 
ertia 

1 

(inches) 

(inches) 

(in.') 

(in.i) 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

1800 

2000 

2X4 

mx  3-'!* 

1.50 

3.56 

6.45 

297 

327 

356 

386 

416 

446 

475 

535 

594 

2X6 

15iX  5H 

1.40 

8.57 

24.10 

714 

785 

857 

928 

1000 

1071 

1142 

1285 

1428 

2HX  6 

2V4X  5U2 

1.32 

11.34 

31.18 

945 

1040 

1134 

1228 

1323 

1417 

1512 

1701 

1890 

2X8 

mx  7H 

1.40 

15.23 

57.13 

1269 

1396 

1523 

1650 

1777 

1904 

2030 

2284 

2538 

2HX  8 

2MX  7^4 

1.26 

21.10 

79.10 

1758 

1934 

2110 

2285 

2462 

2637 

2813 

3165 

3518 

2     XIO 

15^X    91,2 

1.36 

24.44 

116.10 

2037 

2241 

2444 

2648 

2852 

3056 

3259 

3667 

4074 

21^X10 

2HX  9H 

1.23 

33.84 

160.76 

2820 

3102 

3384 

3666 

3948 

4230 

4512 

5076 

5640 

2     X12 

l^sXlli-t 

1.34 

35.82 

205.95 

2985 

3284 

3582 

3881 

4179 

4478 

4776 

5373 

5970 

2^4X12 

2^4X11',^ 

1.21 

49.59 

285.16 

4133 

4546 

4958 

5371 

5786 

6197 

6612 

7436 

8265 

2     X14 

15^X13^^ 

1.32 

49.36 

333.18 

4113 

4524 

4936 

5347 

5758 

6170 

6581 

7403 

8226 

2     X14 

13/^X131^ 

1.23 

53.16 

358.80 

4430 

4873 

5316 

5759 

6202 

6645 

7088 

7974 

8860 

2HX14 

21/4X13^^ 

1.20 

68.34 

461.32 

5695 

6264 

6834 

7403 

7973 

8542 

9112 

10251 

11390 

2     X16 

iHXl5M 

1.31 

65.07 

504.28 

5423 

5965 

6507 

7050 

7592 

8135 

8677 

9761 

10846 

2    X16 

mx\5\i 

1.22 

70.10 

543.06 

6842 

6426 

7010 

7594 

8178 

8762 

9347 

10515 

11683 

2HX16 

2WX15'/^ 

1.18 

90.10 

698.23 

7508 

8260 

9010 

9760 

10512 

11262 

12013 

13515 

15018 

2    X18 

156X17^^ 

1.30 

82.94 

725.75 

6912 

7603 

8294 

8986 

9677 

10368 

11059 

12442 

13824 

2    X18 

1?4X  171/2 

1.21 

89.32 

781.57 

7446 

8188 

8932 

9676 

10421 

11165 

11901 

13398 

14887 

2HX18 

2HXWA 

1.17 

114.84 

1004.88 

9570 

10527 

11484 

12441 

13398 

14355 

15312 

17226 

19140 

3X6 

2HX  5li 

1.43 

12.60 

34.66 

1050 

1155 

1260 

1365 

1470 

1575 

1680 

1890 

2100 

3X6 

234  X  5H 

1.30 

13.86 

38.13 

1155 

1271 

1386 

1501 

1617 

1732 

1848 

2079 

2310 

3X8 

2i/^X  7M 

1.37 

23.12 

87.89 

1952 

2147 

2342 

2538 

2733 

2928 

3123 

3514 

3904 

3X8 

23/4  X  7',^ 

1.24 

25.78 

96.68 

2148 

2363 

2578 

2793 

3008 

3222 

3437 

3867 

4297 

3    XIO 

21/2X  91.^ 

1.33 

37.61 

178.62 

3134 

3447 

3761 

4074 

4388 

4701 

5014 

5641 

6268 

3    XIO 

23,^  V  gi,i 

1.21 

41.36 

196.48 

3447 

379! 

4136 

4480 

4825 

5170 

5515 

6204 

6893 

3    X12 

21.^x111,^ 

1.31 

55.10 

316.85 

4592 

5051 

5510 

5970 

6429 

6888 

7347 

8266 

9184 

3    X12 

23,4  XllV^ 

1.19 

60.61 

348.53 

5051 

5556 

6060 

6565 

7071 

7575 

8081 

9090 

10102 

3    X14 

nivi3i/ 

1.29 

75.94 

512.58 

6328 

6961 

7594 

8226 

8859 

9492 

10125 

11390 

12656 

3    X14 

23/4  X 13  W 

1.17 

83.53 

563.84 

6961 

7657 

8353 

9049 

9745 

10441 

11137 

12529 

13922 

3    X16 

21.^X151/2 

1.28 

100.10 

775.81 

8342 

9176 

10010 

10845 

11679 

12513 

13347 

15016 

16684 

3    X16 

23/4X151,^ 

1.16 

110.11 

853.39 

9176 

10093 

11011 

11928 

12846 

13763 

14681 

16516 

18352 

3    X18 

21^X171,^ 

1.27 

127.60 

1116.54 

10633 

11696 

12760 

13823 

14886 

15950 

17013 

19139 

21266 

3    X18 

23/4X171.^ 

1.15 

140.36 

1228.19 

11696 

12866 

14036 

15205 

16375 

17545 

18715 

21054 

23393 

4    X  4 

3i,^X  3 1/2 

1.49 

7.15 

12.51 

596 

656 

715 

775 

834 

894 

954 

1073 

1192 

4X4 

3HX  3H 

1.34 

7.94 

14.39 

662 

728 

794 

860 

926 

992 

1059 

1190 

1323 

4    X  6 

3HX  51/2 

1.36 

17.64 

48.53 

1470 

1617 

1764 

1911 

2058 

2205 

2352 

2646 

2940 

4    X  6 

3HX  5H 

1.26 

19.12 

53.76 

1593 

1753 

1912 

2071 

2231 

2390 

2549 

2868 

3187 

4    X  8 

31.4X  71/2 

1.30 

32.81 

123.05 

2734 

3007 

3281 

3554 

3828 

4101 

4374 

4921 

5468 

4    X  8 

53'4X    7i-'2 

1.21 

35.16 

131.83 

2930 

3223 

3516 

3809 

4102 

4395 

4688 

5274 

5860 

4    XIO 

3WX  91.4 

1.27 

52.65 

2.50.07 

4388 

4827 

5265 

5704 

6143 

65S2 

7021 

7898 

8776 

.X,. 

334 X  9H 

1.18 

56.41 

207.93 

4701 

5171 

5641 

6110 

6581 

7050 

7521 

8461 

9402 
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T.\BLE  6. — Maximum  Bending  or  Resisting  Moments  in  Foot-pounds  for  Rectangulab 

Beams — {Continued) 


Size 


Xominal 

(inches) 


X12 
X12 
X14 
X14 
X16 
X16 
X18 
X18 

X  6 
X  8 
XIO 
XI2 
XH 
X16 
X18 
6     X20 

8X8 

8  XIO 

8  X12 

8  X14 

8  X16 

8  X18 

8  X20 

10  XIO 

10  X12 

10  X14 

10  X16 

10  X18 

10  X20 

12  X12 

12  X14 

12  X16 

12  X18 

12  X20 

14  X14 

14  XI6 

14  X18 

14  X20 

16  X16 

16  X18 

16  X20 

16  X22 

16  X24 

18  X18 

18  X20 

18  X22 

18  X24 

18  X26 

20  X20 

20  X22 

20  X24 

20  X26 

20  X2S 

20  X30 


Actual' 
(inches) 


31-^X111/2 

33/4XlU^2 

3  WX 13 1/2 
SHXnh 
3'2X15W 
334x151.^ 
3'{'X17i^ 
SHXnH 

sv^x  91.^ 

5^^X111/6 
5^4X13^ 
5^4X151/^ 
5'/4X17W 
51/^X19^^ 

7},iX  7'/2 
7HX  9'A 
mxlVA 
71/2X13^6 
71/^x151/2 
7^iX17^^ 
71.^X19^^ 

91-2X  91/2 
9WX11W 
91^X131/^ 
91/^X151/^ 
91.4x17^ 
91.^X191/^ 

xmxwA 

111/^X131/^ 
\VAX\b\<i 
111/4X171/^ 

imxigi.^ 

131.^X131/^ 
131/2X151^ 

13WX171/2 
13K2X191--2 

I51/2XI5H 
15i/^X17H 
15 14x191/2 
151/^X21  li 
151.^X2314 

t7i/X17i2 
171.4x1912 
17i/2X21i'2 
171,2X231/2 
17J4X251/4 

19i/2Xl9i/> 
19V4X211/2 
1914X231/4 
19'/4X25i/4 
191/4X271^ 
19'4X29!.2 


"  Mul- 
tiply- 
ing 
factor" 


Sec- 
tion 

modu- 
lus 

(in.') 


77.15 
82.66 
106.31 
113.91 
140.15 
150.16 
178.65 
191.41 

27.73 
51.. 56 
82.73 
121.23 
167.06 
220.23 
280.73 
348.56 

70.31 
112.81 
165.31 
227.81 
300.31 
382.81 
475.31 

142.89 
209.40 
288.56 
380.40 
484.90 
602.06 

253.48 
349.31 
460.48 
586.98 
728.81 

410.06 
540.56 
689.06 
855.56 

620.64 
791 . 1.5 
982.31 
1194.15 
1426.65 

893.23 
1109.06 
1.348.23 
1610.73 
1896.. 56 

12.35.81 
1502.31 
1794.81 
2113.31 
2457.81 
2828.31 


Mo- 
ment 
of  in- 
ertia 
(in.i) 


443.59 
475.27 
717.61 
768.87 
1086.13 
1163.71 
1563.15 
1674.80 

76.26 

193.36 

392.96 

697.07 

1127.67 

1706.78 

24,56.38 

3398.49 

263.67 
535.86 
9.50.55 
1537.74 
2.327.43 
3.349.61 
4634.30 

678.76 
1204.03 
1947.80 
2948.07 
4242.84 
5870.11 

1457.51 
2357.86 
3568.72 
5136.07 
7105.93 

2767.93 
4189.37 
6029.30 
8341.74 

4810.01 
6922.53 
9577.55 
128,37.07 
16763.10 

7815.76 
10813.37 
14493.47 
18926.08 
24181.18 

12049.18 
16149.87 
21089.06 
26944.74 
33794.90 
41717.62 


Resisting  moments  in  foot-pounds  for  safe  fiber  stresses  in 
pounds  per  square  inch,  as  indicated 


lOCO 


6429 

6888 
8859 
9493 
11679 
12513 
14888 
15951 

2311 
4297 
6894 
10103 
13922 
18353 
23394 
29047 

5859 
9401 
13776 
18984 
25026 
31901 
39609 

11908 
17450 
24047 
31700 
40408 
50172 

21123 
29109 
38373 
48915 
60734 

34172 
45047 
57422 
71297 

51720 
65929 
81859 
99513 

118888 

74436 
92422 
112.353 
134228 
158047 

102984 
125193 
149568 
176109 
204818 
235693 


1100 


7072 

7577 
9745 
10442 
12847 
13765 
16377 
17546 

2542 
4727 
7583 
11113 
1,5314 
20188 
25733 
31952 

6445 
10341 
15154 
20882 
27529 
35091 
43570 

13099 
19195 
26452 
34870 
44449 
55189 

23235 
32020 
42210 
53807 
66807 

37589 
49552 
63164 

78427 

56892 
72522 
90045 
109464 
130777 

81880 
101664 
123588 
147651 
173852 

113282 
137712 
164525 
193720 
225300 
259262 


7715 
8266 
10631 
11391 
14015 
1,5016 
17865 
19141 

2773 
5156 
8273 
12123 
16706 
22023 
28073 
34856 

7031 
11281 
16531 
22781 
30031 
38281 
47531 

14289 
20940 
28856 
38040 
48490 
60206 

25348 
34931 
46048 


41006 
54056 


85556 

62064 
79115 
98231 
119415 
142665 

89323 
110906 
134823 
161073 

189656 

123581 
150231 
179481 
211331 

245781 
282831 


1300 


1400 


8358 
89,55 
11517 
12340 
15183 
16267 
193,54 
20736 

3004 
5586 
8962 
13134 
18099 
23859 
30412 
37761 

7617 
12221 
17909 
24679 
32534 
41471 
51492 

15480 
22685 
31261 
41210 
52530 
65224 

27460 
37842 
49885 
63590 
78954 

44424 
58561 
74649 
92686 

67236 
85708 
106417 
129367 
154554 

96767 
120149 
146059 
174496 
205461 

133879 
162751 
194438 
228942 
266263 
306401 


9001 
9644 
12403 
13289 
16351 
17519 
20843 
22331 

3235 
6016 
9652 
HH-f 
19491 
25694 
32752 
40666 

8203 
13161 
19286 
26578 
3,5036 
44661 
55453 

16671 
24430 
33666 
44380 
56571 
70241 

29572 
40753 
53722 
68481 
85028 

47841 
63066 
80391 
99816 

72408 
92301 
114603 
139318 
166443 

104210 
129391 
157294 
187919 
221266 

144178 
175270 
209395 
246553 
286745 
329970 


1500  1600  1800  2000 


9644 
1033? 
13289 
14238 
17519 
18770 
22332 
23926 

3467 
6446 
10341 
15155 
20883 
27530 
3,5091 
43571 

8789 
14102 
20664 
28476 
37539 
74852 
59414 

17862 
26175 
36071 
475,50 
60612 
75258 

31685 
43664 
57560 
73373 
91101 

51258 
67571 
86133 
106946 

77580 
98894 
122789 
149270 
178332 

1116.54 
138633 
168530 
201342 
237071 

154476 
187790 
224352 
264164 
307227 
353540 


10286 
11021 
14174 

15188 
18686 
20021 
23821 
25521 

3698 
6875 
11030 
16165 
22275 
29365 
37430 
46475 

9374 
15042 
22042 
.30374 
40042 
51042 
63374 

190.53 
27920 
38475 
50720 
64653 
80275 


11572  1285J 

12399  13777 

1,5946  177U 

170.S6  1S98S 

21022  23,358 

22524  2,5027 

26798'  29776 

28711  31902 


4160 
7735 
12409 
18185 
25060 
33035 
42109 
52285 


4622 
8594' 
13788 
20206' 
27844 
36706  1 
46788 
5,8094 


10546,  11718 

16922  1S802 

24797'  27.5.52 

.34171  .37068 

45047  500.52 

57422  63802 

71296 j  79218 

21434  23816 

31410  34906 

43285  48094 

57060  6340C 

72734  80816 
90310  100344 


33797 1  38021  42246« 
46574  52396  58218' 
61397  .59071  76746* 
78264  880471  978301 
97174  109321  121468t 


54675 
72075 
91875 
114075 

82752 
105486 
130974 
159221 
190221 


61510  68344. 

81085  90094* 

103360  114844i[ 

128335  142594* 

[ 

93096  103440^ 
118672  131  — 
147346  16371 
179123  191 
213998  23 


11 9098 1 1339^5  14881 
147875!166360  184S 
179765!  2022.35  2247C 
2147651241610  26845( 
2528751284485  316C 

164774,185371  205S 
2003091225,347 
239309 1 269222  29913 
281774  316996  3522M 
327709J368672  409« 
377109 '424247  471; 


1  This  table  is  based  on  tables  from  the  "Southern  Pine  Manual"  of  the  Southern  Pine  Association,  and  th« 
"Structural  Timber  Handbook  on  Pacific  Coast  Woods"  of  the  West  Coast  Lumbermen's  Association. 

The  standards  of  the  latter  association  are  as  follows: 

"Dimenrinn.  Plank  and  Small  rVmbfrs.— Sizes— SISIE  or  S4S:  2  X  3  to  l^g  X  2H:  2  X  4  to  l?i  X  3«» 
2  X  6  to  1^^  X  5H:  2  X  8  to  l^g  X  7^;  2  X  10  to  iy»  X  9H;  2  X  12  to  1^^  X  llj-^;  2  X  14  to  1^^  X  13« 

2  X  16  to  l^i  X  15H;  etc.;  3  X  4  to  2H  X  3^^;  3  X  6  to  2H  X  SJ-^:  3  X  8  to  2H  X  7H;   3  X  10to2>2  X  9H 

3  X  12to2i.^  X  11M;3  X  Uto2H  X  13^:3  X  16to2i^  X  15H;etc.;4  X  4to3H  X  3M;4  X  6to3L2  X  5H 
etc.;  5  X  5  to  4:}4  X  4H:  etc.;  6X6  and  8,  M  in.  off  each  way." 

"Timbers— kizes — SIS,  SIE,  SISIE,  or  S4S:  8X8  and  larger  }i  in.  off  each  way.  Standard  lengths  are 
multiples  of  2  ft."  .,,,,., 

The  standards  of  the  Southern  Pine  Association  for  timber  surfaced  four  sides  are  tlie  same  as  those  of  the 
West  Coast  Lumbermen's  Association,  i.e.  }4  in.  off  the  nominal  width  and  depth.  For  material  surfaced  one 
side  one  edge  (SlSlE)  their  standards  are  }i  in.  off  the  nominal  width  and  >2  in.  off  the  nominal  depth. 
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'able  7. — Table  of  Safe  Loads  and   Deflections  pon  Timber  Joists  With  Nominal 

Width  of  2  inches,  Uniformly  Loaded,  Based  on  Maximum  Flexural 

Stress  of  1800  Lb.  per  Sq.  In. 


Rough  size  2X4  2X6  2X8  2X10  2X12  2x14  2X16         2X18 


Surfaced  size 
SISIE' 


Section  modulus 


i;) 


12 


f  HS 
I  Dl 

1  D 

(  HS 

f  B 

Dl 
(HS 

1^ 
1° 
(Dl 

(^ 

Dl 
IHS 
f  B 
I  D 

I  HS 

[di 

I  B 
I  D 
Dl 
1  HS 

[di 

f  B 
I  D 

I  °1 
[  HS 

Is. 

Dl 
i  HS 
fB 

I" 
Dl 


1^8X.3%s     IVaX^^A 


l58X7>i 


1^8  X9>. 


1^8X113-2 


i^ixisj.; 


l^iXloJ-z 


i-^ixirn 


1372 

.0  0581 

1008 

967 

0.1379 

854 
619 

0.2693 
712 
430 

0.4651 

610 

316 

0.7384 

f         534 

242 

1 .1020 


8.57 


0.0369 
2135 
2056 

0 .0720 
1714 
1607 

0.1244 

1469 
1180 

0.1977 

1285 

904 

0.2950 

1143 

714 

0.4202 

1028 
578 

0.5767 
935 
478 

0.7671 

857 

402 

0  9950 


15.23  24.44  35.82  53.10  70.10  89.32 


0  0525 
2843 
2611 

0.0834 
2284 
2142 

0.1245 

2031 

1693 

0.1772 

1828 
1371 

0.2431 
1661 
1133 

0.3236 

1526 

952 

0.4202 

14t)6 

811 

0.5.343 


1306 

700 

0.6667 

1218 

609 

0.8210 

f       1142 

536 

0.9950 


0.0612 
3601 
3258 

0.0872 

2933 

2786 

0.1196 

2666 

2303 

0.1.592 

2444 
19.35 

0.2007 
2256 
1648 

0.2630 

2095 
1422 

0.3282 
1955 
1238 

0.4040 

1833 

1089 

0.4898 


0.0492 
4361 
4298 

0.0674 
3908 

O.OS97 

3582 
3432 

0.1165 
3306 
2924 

0.1482 

3070 

2521 

0.1851 

2865 

2196 

0  2277 

2680 

1931 

0  2762 


0.0515 
5512 
5316 

0.0669 
4907 

0.0850 

4556 
4393 

0 . 1062 
4253 
3827 

0.1306 

3987 

3364 

0.1585 


0.0562 
6328 
6008 

0.0702 
5608 

0.0863 

5257 

5091 

0  .  1047 


0.0599 
7147 
6699 

0.0728 


1  SlSlE   =  surfaced  one  side  and  one  edge. 
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Table  7. — Table   of   Safe   Loads   and   Deflections   for   Timber  Joists  with  Nomi.va: 

Widths   of    2   Inches,    Uniformly  Loaded,    Based   on    Maxlmum 

Flexural  Stress   of  1800  Lb.  per  Sq.  In. — {Continued) 


Sizes 

Rough  size 

2X4     . 

2X6 

2X8 

2X10 

2X12 

2X14 

2X16 

2X18 

Surfaced  size        ^y^^^y^     \%X5V»    iVn^l^i    l?gX9H    l^X  llH  1 
SlSlE^ 

?4X13>2 

IHXloH 

l?iX17H 

Section  modulus 

3.56 

8.57 

15.23 

24.44 

35.82 

53.16 

70.10 

89.32 

B 

1725 

2528 

3753 

4948 

6305 

17  ■ 

D 

964 

1710 

2980 

4510 

Dl 

0.5878 

0.3314 

0.1902 

0.1256 

0  .0873 

B 

1629 

2388 

3544 

4673 

5954 

18' 

D 

860 

1525 

2658 

4023 

5790 

Dl 

0.6977 

0.3934 

0.2254 

0.1492 

0 . 1036 

B 

1544 

2262 

3358 

4427 

5641 

19 

D 

772 

1309 

2385 

3610 

5196 

Dl 

0.8204 

0.4626 

0.2655 

0.1754 

0.1219 

B 

1466 

2149 

3190 

4206 

5359 

20 

D 

697 

1236 

2153 

3258 

4690 

Dl 

0.9565 

0.5395 

0.3097 

0.2046 

0.1422 

B 

2047 

3038 

4006 

5104 

21 

D 

Dl 
B 

1121 

0.6244 

1954 

1953 

0.3585 

2900 

2956 

0.2368 

3824 

4254 
0.1646 

4872 

22' 

D 

Dl 

B 

1021 

0  7183 

1869 

1779 

0.4122 

2774 

2693 

0.2723 

3657 

3876 

0.1892 

4660 

23' 

D 

934 

1628 

2464 

3546 

Dl 

0.8208 

0.4710 

0.3112 

0.2162 

<0 

01 

B 

1791 

2658 

3505 

4466 

13 

24 

D 

858 

1495 

2263 

3257 

'm 

Dl 

[  0.9324 

0.5351 

0.3535 

0.2456 

a 

B 

2552 

3365 

428? 

25 

D 

1378 

2085 

3001' 

Dl 

0.6048 

0.3996 

0.2777 

B 

2454 

3235 

4123 

20 

D 

Dl 

B 

\       1274 

0.6804 

2363 

1928 

0.4495 

3116 

277f 

0.3123 

397» 

27 

D 

Dl 

B 

1181 
0.7019 

1       2278 

1788 

0.5034 

3004 

257? 

0.3491 

3821 

28 

D 

Dl 

B 

1098 
I  0.8498 

1663 

0.5614 

f       2901 

23^ 

0.390} 
369( 

29 

D 

Dl 

B 

1550 

0.623S 

1       2804 

2231 

0  4334 

357; 

30 

D 

Dl 

B 

1448 
[  0.6905 

208i 
0  479! 

[        34.V 

31 

D 

Dl 

B 

105: 

1  0.529^ 

334i 

32 

D 
Dl 

I       1835 
[o.582J 

1  SISIE  =  surfaced  one  side  and  one  edge. 
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AULB  8. — Table  of  Safe  Loads  and   Deflections  for  Timber  Joists  with  Nominal 
Width  of  3  Inches,  Uniformly  Loaded,  Based  on  Maximum  Flexural 
Stress  of  1800  Lb.  per  Sq.  In. 


Rough  size 

3X6 

3X8 

3X10 

3X12 

3X14 

3X16 

3X18 

Sizes 

Surfaced  size 
S1S1E« 

2^X5K 

2HX7}i 

2?iX9>.i 

2UxnH 

2HX13>2 

2?iX  151-2 

2?iX17>^ 

Section  modulus 

13.86 

25.78 

41.36 

60.61 

83.53 

110.11 

140.36 

4iHS 
1  Dl 

f       3528 
10.0233 

5 

1  Dl 

(       3326 
10.0455 

B 

2773 

6 

D 

2542 

Dl 

0.0787 

0.0310 

HS 

4812 

f  B 

f      2376 

4419 

7 

D 

Dl 
B 

1867 

0.1250 

f      2079 

0.0493 
3867 

8 

D 
Dl 
HS 
B 

1       1429 
0.1866 

f       1848 

3625 
0  0735 

3437 

0.0362 
6097 
5515 

9 

D 

1       1129 

2865 

Dl 

1  0.2657 

0.1047 

0.0515 

0.0291 

HS 

I   

7378 

B 

[      1663 

3093 

4963 

7273 

^ 

10 

D 

j         915 

2320 

4715 

ii 

Dl 

1  0.3643 

0.1437 

0.0707 

0.0398 

c 

B 

1512 

2812 

4512 

6612 

c 

11 

D 

1         756 

1918 

3897 

oi 

Dl 

0.4850 

0.1912 

0.0941 

0.0530 

0.0328 

•f. 

HS 

8662 

B 

i       1386 

2578 

4136 

OOGl 

8353 

12| 

D 

635 

1612 

3275 

5808 

Dl 

0.6299 

0.2481 

0.1221 

0.0689 

0.0426 

B 

2380 

3818 

5595 

7710 

13  1 

D 

1       1373 

2790 

4949 

Dl 

0.3156 

0.1553 

0.0875 

0.0541 

0.0357 

HS 

9947 

B 

2210 

3545 

5195 

7159 

9438 

14 

D 

1184 

2406 

4267 

6904 

Dl 

0,3941 

0 . 1939 

0.1094 

0.0676 

0.0446 

B 

2065 

3309 

4849 

6682 

8809 

15] 

D 

1031 

2096 

3717 

6014 

Dl 

0.4850 

0.2386 

0.1345 

0.0831 

0.0549 

0.0382 

HS 

11,228 

B 

1934 

3102 

4546 

6264 

8258 

10,527 

16 

D 

906 

1842 

3267 

5286 

8001 

Dl 

0..5887 

0.2895 

0.1632 

0 . 1009 

0.0666 

0.0463 

B 

2920 

4278 

5896 

7772 

9,908 

17 

D 

1632 

2894 

4682 

7087 

- 

I 

Dl 

0.3472 

0.1958 

0.1210 

0.0799 

0.0555 

'  SISIE  =  surfaced  one  side  and  one  edge. 
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Table  8.— Tablk    of   Safe   Loads  and   Deflections   for   Timber   Joists  with  Nomi: 
Width  of  3  Inches,  Uniformly  Loaded,  Based  on  Maximum  Flexural 

Stress  op  1800  Lb.  per  Sq  l^ .—{Continued) 


Sizes 


Rough  size 


3XG 


3X8 


3X10 


3X12 


3X14 


3X16 


3X18 


Surfaced  size 
S1S1E» 


2HX5}i 


2?iX7>.i 


2HX9>2 


Section  modulus        13  86 


B 

18  I  D 

i  °^ 
B 

19  \  D 
Dl 
B 
D 
Dl 
B 

2M  D 
Dl 
B 
D 
Dl 
B 
D 
Dl 


20 


22  < 


24 

D 

Dl 

B 

25  1 

D 

Dl 

B 

26 

D 

Dl 

B 

27 

D 

Dl 

B 

28 

D 

Dl 
B 

29  {  D 
Dl 
B 

30  {  D 
Dl 
B 

31  <  D 
Dl 
B 

32  {  D 
Dl 


41.36 


2JiXll>d   2?iX13i.d   2KX15>^     2?iXl 


60.61 


2758 
1455 

0.4124 
2612 
1306 

0  4849 
2481 
1179 

0.5655 


4041 
2582 

0.2324 
3828 
2317 

0.2733 
3636 
2091 

0.3188 
3463 
1897 

0.3690 
3306 
1728 

0  .4244 
3162 
1581 

0.4849 
3031 
1452 

0  5510 


1  SISIE  =  surfaced  one  side  and  one  edge. 


83.53 


5568 

4177 

0.1437 

5275 

3748 

0.1689 

5012 

3383 

0.1971 

4773 

3069 

0.2281 

4556 

2796 

0.2623 

4358 

2558 

0.2997 

4176 

2350 

0  3405 

4009 

2165 

0.3849 

3855 

2002 

0  4329 

3712 

1856 

0  4848 

3579 

1726 

0  5407 


7341 
6322 
0.0949 
6954 
5673 
0.1116 
6606 
5120 
0.1302 
6292 
4644 
0.1507 
6006 
4232 
0 . 1733 
5745 
3872 
0 .  1980 
5505 
3556 
0  .2250 
5285 
3277 
0.2543 
5082 
3030 
0.2860 
4894 
2810 
0.3203 
4719 
2612 
0.3573 
[   4556 
I   2436 
[  0.3969 
4404 
2276 
0.4394 


140  3 


935 

909 

0.06c 

886 

81f 

0.07: 

84i 

73« 

0.09( 

80; 

66i 

0.10- 

76. 

60- 

0  12i 

73 

55 

0.13 

70 

51 

0.15 

67 

47 

0.17 

6-4 

4C 

O.U 

6i 

4( 

0.2: 

6( 

3". 

0.2^ 

5! 

3. 

0  2' 

51 

3: 

0  31 

5 

3' 

0.3 

5 

2 

{  0  3 
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Table  9. — T.-vble  of  Safe  Loads  and  Deflections  for  Timber  Joists  with  Nominal  Width 

OF  4  Inches,  Uniformly  Loaded,  Based  on  Maximum  Flexural 

Stress  of  1800  Lb.  per  Sq.    In. 


Rough  size  4X4  4X6  4X8  4X10  4X12  4X14  4X10  4X18 


Surfaced  size 
SlSlEi 


3HX3H 


3%Xo% 


SHXTVi    3H  X9>^,3?4  X  11>2  3?i X  13^3?^  X  loH  3?i X  17>i 


Section  modulus        7.94  19.12  35.16  56.41  82.66         113.91         150.16         191.41 


9' 


*\i 

I  HS 
B 

5J  D 

I  Dl 
fB 

I  HS 
7     D 

[di 

fB 

IHS 

f  ^ 
D 

Dl 

i  HS 

10    D 

[di 

[  ^ 
D 

Dl 

[  HS 

12  I  D 
I  Dl 
[B 
'  D 
Dl 

[hs 

14     D 

[di 

f  B 
'  D 
Dl 
[  HS 

I^ 
10     D 

Dl 


11 


13 


15 


3066 

0  0261 

2382 

2152 

0.0018 

1905 
1382 

0  1206 
1588 
960 

0.2083 

1361 

705 

0.3307 

1191 

540 

0  4938 


0.0165 
4760 
4588 

0.0323 
3824 
3584 

0.0558 

3277 
2633 

0.0886 
2868 
2016 

0.1323 

2549 

1593 

0.1883 

2294 
1290 

0.2584 
2086 
1000 

0.3440 

1912 

896 

i  0  4464 


0.0227 
6562 
6027 

0.0361 
5274 
4944 

0  .0539 

4688 

3906 

0.0768 

4219 
3164 

0.1053 
3835 
2615 

0.1402 

3510 

2197 

0.1821 

[   3246 

I   1873 

0  2313 

i  3014 
1015 

0  2890 
2813 
1406 

0.3556 


2637 
1236 
i  0.4316 


0.0265 
8312 
7521 

0.0378 

0709 
6430 

0.0518 
6154 
5315 

0.0090 

5641 
4466 

0.C896 
5207 
3805 

0.1139 

4835 
3281 

0.1422 
4513 
2858 

0.1750 

4230 

2511 

0  2124 


0  0213 

10,002 

9919 

0  0292 
9017 

0.0389 

8206 
7921 

0 . 0505 
7630 
6750 

0  0642 

7085 
5820 

0  0802 
6613 
5070 

0.0980 

0199 

4456 

0.1197 


0  0240 
11,812 
11,391 

0  0312 
10,515 

0.0397 

9764 
9415 

0.0496 
9113 
8201 

0.0610 

8543 

7208 

0.0740 


0  0202 
13,562 
12,870 

0.0327 
12,013 

0.0403 

11,262 
10,909 
0.0489 


0.0279 
15,312 
14,356 

0.0339 


'  SISIE  =  surfaced  one  side  and  one  edge. 
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Table  9. — Table  of  Safe  Loads  and  Deflections  for  Timber  Joists  with  Nominal  Width 

OF  4  Inches,  Uniformly  Loaded,  Based  on  Maximum  Flexural 

Stress  of  1800  Lb.  per  Sq.  In. — (Continued) 


Sizes 


Rough  size 


4X4  4X6 


4X8 


4X10  4X12 


Surface  size 
SlSlEi 


SHXSys 


Section  modulus        7  .94 


SHXo^i    3?4X7M 


19.12 


35.16 


SHX9H 


56.41 


4X14  4X16  4X18 


3HXU}i  3?iX13H  3^X15>^  3JiX17>2 


82.66 


113.91 


150.16 


21 


B 

17^  D 
Dl 
B 

18  {  D 
Dl 
B 

19^  D 
Dl 
B 

20  i  D 
Dl 
B 
D 
Dl 
B 

22^  D 
Dl 
B 

23  i  D 
Dl 
B 

24^  D 
Dl 
B 

25  I  D 

i  ^1 
B 

26  {  D 
Dl 
B 

27^  D 
Dl 
B 

28  {  D 
Dl 
B 

29^  D 
Dl 
B 
D 
Dl 
B 
D 
Dl 
B 

32  {  D 
Dl 


30 


31 


3982 
2225 

0.2547 
3760 
1985 

0.3023 
3563 
1782 

0.3554 
3384 
1608 

0.4146 


5835 
3947 

0.1436 
5510 
3521 

0 . 1704 
5221 
3160 

0.2004 
4959 
2852 

0.2337 
4724 
2587 

0  2706 
4509 
2357 

0  3111 
4313 
2156 

0.3556 
4133 
1980 

0.4040 


8041 
6385 

0.0887 
7594 
5695 

0 . 1053 
7194 
5112 

0 . 1239 
6834 
4613 

0.1445 
6509 
4184 

0.1673 
6213 
3813 

0.1923 
5943 
3488 

0.2198 
5695 
3204 

0.2497 
5468 
2952 

0.2822 
5257 
2730 

0  3175 
5063 
2531 

0.3555 
4882 
2354 

0.3965 


10599 
9664 

0.0586 

10010 

8620 

0.0696 
9484 
7737 

0.0818 
9009 
6982 

0  ,0955 
8580 
6330 

0.1105 
8190 
5770 

0.1271 
7834 
5280 

0.1452 
7508 
4849 

0 . 1650 
7208 
4469 

0.1865 
6930 
4132 

0.2099 
6674 
3831 

0.2349 
6435 
3562 

0.2620 
6214 
3321 

0.2911 
6006 
3103 

0.3222 


1  SIS  IE  =  surfaced  one  side  and  one  edge. 


Sec.  2-16]  STRUCTURAL  MEMBERS  AND  CONNECTIONS  115 

STEEL  BEAMS  AND  GIRDERS 
By  Alprkd  Wheelek  Roukuts 

Beams  of  I-section  are  the  steel  beams  in  most  common  use.  In  beams  of  this  section 
the  greater  part  of  the  material  occurs  in  the  upper  and  lower  portions  of  the  beam  and  where 
it  is  most  effective  in  resisting  bending.  Channels,  angles,  an<l  tees  are  used  oidy  to  meet  some 
special  condition.  Channels,  for  example,  are  not  as  economical  as  I-beams  and  require  more 
lateral  support  to  keep  them  from  buckling,  but  they  are  especially  suitable  for  use  as  lintels 
and  around  floor  openings. 

This  chapter  deals  only  with  simple  rolled  sections.  Plate  and  box  girders  are  treated  in 
another  chapter.  For  the  selection  of  sizes  of  steel  beams  see  Art.  1.  For  properties  of  steel 
sections,  see  Art.  26.      For  loads  supported  by  lintels,  see  Art.  29. 

16.  Considerations  in  the  Design  of  Steel  Beams. — Steel  beams  must  be  designed  to 
resist  bending,  shear,  sidewise  buckling  of  the  web,  lateral  buckling  of  the  compression  flange, 
and  excessive  flexure  or  deflection.  (For  derivation  of  formulas  and  for  terms  used,  see  "  Simple 
and  Cantilever  Beams,"  Sect.  1.) 

16o.  Bending, — The  section  modulus  must  be  sufficient  so  that  the  external 
bending  moment  will  be  safely  resisted.  The  section  modulus  required  is  found  by  dividing 
the  bending  moment  in  inch-pounds  by  the  allowable  extreme  fiber  stress  in  pounds  per  square 
inch.     The  fiber  stress  usually  allowed  is  16,000  lb.  per  sq.  in. 

166.  Shear. — The  web  area,  obtained  by  multiplying  the  depth  of  beam  by  the 
thickness  of  web,  must  be  sufficient  for  the  beam  to  resist  the  maximum  shear  (see  Sect.  1, 
Art.  63d).     The  usual  allowance  for  shear  is  10,000  lb.  per  sq.  in. 

16c.  Buckling  of  Web. — The  tendency  of  the  web  to  buckle  or  crush  occurs 
over  the  supports  and  immediately  under  the  points  of  application  of  concentrated  loads. 
There  is  also  the  tendency  to  sidewise  buckhng  near  the  ends  of  a  beam  due  to  the  inclined 
compressive  stress  referred  to  in  Sect.  1,  Art.  64.  With  I-beams  and  channels,  this  inclined  ' 
compressive  stress  need  not  be  considered  in  any  ordinary  case  if  the  beam  is  made  amply 
strong  over  supports. 

Usually  if  a  beam  has  sufficient  section  modulus  to  take  care  of  the  bending  moment,  the 
web  is  sufficiently  strong  as  regards  shear  and  buckling.  The  exception  occurs,  however,  where 
the  span  is  short  and  the  load  heavj*. 

The  "Carnegie  Beam  Sections"  gives  the  following  formulas  for  safe  end  reaction  and 
safe  interior  load: 


R=    Pt(a    +f) 
W  =  2pt  (a:  +  ^) 


in  which 

R  =  end  reaction. 

W  =  concentrated  load. 

t  =  web  thickness. 

d  =  depth  of  beam. 

a  =  distance  over  which  the  end  reaction  is  applied. 
ai  =  half  of  distance  over  which  the  concentrated  load  is  apphed. 

J)  = '- —    ,    ^)  but  never  greater  than  15,000  lb.  per  sq.  in. 


1   A/y 


^  ^  6000 

The  first  formula  applies  to  any  loading.  Whenever  the  end  reaction  or  concentrated  loads 
are  greater  than  determined  by  the  above  formulas,  then  either  a  beam  must  be  chosen  having 
a  greater  web  area,  or  the  web  of  the  beam  investigated  must  be  reinforced  by  stiffener  angles 
riveted  to  the  web  and  milled  top  and  bottom  to  bear  against  the  flanges.  It  is  usually  more 
conomical  to  use  a  beam  with  greater  web  area  than  to  use  stiffeners. 
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The  second  formula  is  for  a  single  load  concentrated  at  the  center  of  a  span;  it  can  be 
extended  for  a  system  of  concentrated  loads,  provided  the  sum  of  the  distances  oi  is  not  less 
than  a. 

An}^  other  column  formula  could  be  used,  such  as  the  formula  (16,000  —  70-,  maximum 

14,000  lb.  per  sq.  in.)  of  the  Am.  Ry.  Eng.  Assn.  Substituting  the  proper  values  for  L  and  r 
in  this  formula,  we  have 

p  =  16,000  -  121- 

The  formulas  for  R  and  W  above  given  assume  that  the  length  of  the  web  withstanding  direcl 
compression  is  greater  than  the  distance  over  which  the  end  reaction  or  a  concentrated  load  h 
applied.  Some  authorities  consider  only  the  loaded  length  in  direct  compression  which  i.' 
obviously  on  the  safe  side. 

To  withstand  crippling  of  the  web  due  to  inclined  compressive  stress,  the  intensity  of  th( 
vertical  shear  which  is  equal  to  the  intensity  of  this  compressive  stress,  must  be  kept  within  ; 
safe  value,  otherwise  stiffeners  must  be  used  or  the  web  thickness  increased.  A  beam  may  bi 
amply  secure  against  a  straight  shear  of  10,000  lb.  per  sq.  in.  and  yet  not  have  sufficient  wel 
area  to  be  safe  as  regards  web  buckling.  Assuming  the  inclined  compressive  stress  to  act  a 
45  deg.  with  the  neutral  axis  throughout  the  entire  depth  of  beam  and  using  the  American  Bridg 
Company's  column  formula,  the  maximum  safe  unit  value  for  the  shear 

V  h 

~  =  19,000  -  488- 
at  t 

in  which  h  =  the  distance  between  the  flange  fillets.     Using  the  A.  R.  E.  A.  formula 
The  Cambria  Steel  Handbook  gives 


^  =  16,000  -  342-, 
at  t 


V  12,000 

dt      J    ,       ^' 


1500^2 
based  on  the  Gordon  column  formula. 

IQd.  Deflection. — In  some  cases  the  deflection  may  be  the  governing  feature  i 
selecting  a  suitable  section  for  a  beam,  instead  of  the  load  it  carries.  For  example,  a  bear 
may  deflect  sufficiently  to  crack  a  plastered  ceiling,  or  to  crack  a  marble  or  mosaic  floor,  becaus 
the  proportion  of  the  depth  of  the  beam  to  its  span  is  not  sufficient.  It  will  be  found  that  a  goo 
workable  proportion  of  the  depth  of  a  beam  to  its  span,  where  excessive  deflection  is  to  b 
avoided,  is  that  the  depth  of  the  beam  should  not  be  less  than  3^o  of  the  span,  and  that  th 
deflection  should  not  exceed  }ieo  of  the  distance  between  supports.  However,  where  th 
deflection  is  not  serious,  as  in  mills,  shops,  etc.,  it  is  good  practice  to  make  beams  }44  of  the  spa 
in  depth,  and  for  roof  purlins  of  mill  buildings,  3'^o  of  the  span  if  the  roofs  are  J-^th  pitch  o 
steeper. 

16e.  Lateral  Support  of  Compression  Flange. — The  compression  flange  of 
beam  is  really  a  column  and  may  fail  by  buckling  laterally.  If  beams  are  without  lateral  suj 
port  for  a  distance  exceeding  about  20  times  the  flange  width,  their  carrying  capacity'  should  I 
reduced  in  accordance  with  table  to  be  found  in  most  any  steel  handbook.  Each  table  i 
common  use  is  based  on  some  one  of  the  column  formulas  (Sect.  1,  Art.  97)  making  due  allowanc 
for  the  strengthening  action  of  the  web. 

A  formula  in  common  use  is  the  following  modified  Gordon  column  formula  used  in  Cambrij 

18,000 


P 


1  + 


300062 


in  which  p  =  allowable  stress  in  pounds  per  square  inch,  I  =  length  between  lateral  suppor  iv,. 
in  inches,  and  b  =  width  of  flange  in  inches.     When  p  =  16,000,  t=  19.37,  showing  that  later  "^s 
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bending  must  be  considered  in  beams  where  the  maximum  length  of  unsupported  compression 
flange  is  greater  than  about  20. 

In  most  cases  in  floor  framing  a  beam  is  braced  laterally  either  by  other  beams  framing 
into  it  or  by  the  floor  construction  itself,  but  cases  do  arise  where  conditions  leave  a  beam  un- 
braced for  an  excessive  distance. 

17.  Multiple  Beam  Girders. — Two  or  more  beams  placed  side  by  side  and  connected  by 
means  of  bolts  and  separators  are  used  where  a  single  beam  would  not  be  sufficient  to  carry 
the  loads  imposed,  where  there  is  not  sufficient  head  room  to  use  a  deep  member,  or  where  a 
wide  member  is  needed  either  to  give  sufficient  lateral  stiffness  or  to  provide  a  suitable  support 
for  a  wall.  The  separators  should  fit  closely  between  the  flanges  of  the  beams  and  should  be 
placed  at  the  support,  at  points  where  concentrated  loads  occur  and  at  regular  intervals  of  5  or 
6  ft.  along  the  beam  in  order  to  insure  that  the  beams  will  act  as  a  unit  both  vertically  and 
laterally. 

Gas-pipe  separators  should  not  be  used  in  this  type  of  girder,  but  may  be  used  in  grillage 
beams  or  girders  which  are  to  be  filled  in  with  concrete.  The  cast-iron  separator  is  generally 
ised  in  multiple  beam  girders,  but  owing  to  its  uncertainty  of  being  true  and  square,  it  is  better 
:;onstruction  to  use  built-up  steel  separators  or  diaphragms  made  up  of  plates  and  angles. 

If  the  loads  are  not  delivered  equally  to  each  member  of  a  multiple  girder,  each  member 
;hould  be  designed,  as  near  as  practicable,  to  take  its  specific  load  so  as  not  to  depend  any  more 
ihan  possible  upon  the  separators  equalizing  the  load.  A  good  example  of  this  is  a  spandrel 
;ection  made  up  of  two  members  carrying  a  wall  and  a  floor  load.  The  outer  member  should 
)e  designed  to  carry  one-half  the  wall  load  and  the  inner  member  one-half  of  the  wall  load  plus 
ill  of  the  floor  load.  This  will  give  less  chance  for  secondary  stresses  due  to  torsion  which  are 
mpossible  to  calculate. 

18.  Beams  with  Cover  Plates. — It  is  sometimes  found  advantageous  to  reinforce  I-beams 
,nd  multiple  beam  girders  by  adding  cover  or  flange  plates  top  and  bottom.  Such  members 
hould  be  figured  considering  the  moment  of  inertia  of  the  total  net  section,  deducting  metal 
o  allow  for  rivet  holes  in  both  flanges.  If  rivets  are  carefully  staggered,  only  one-half  of  this 
lumber  need  be  deducted.  The  plate  should  be  riveted  with  sufficient  rivets  to  develop  the 
tress  in  the  cover  plate  beyond  the  point  where  the  plate  is  actually  needed.  For  method 
if  computing  rivets  connecting  cover  plates  to  flanges,  see  Art.  55.  The  length  of  flange  plates 
lay  be  determined  in  the  same  manner  as  for  plate  girders  (see  Illustrative  Problem,  p.  187). 
t  is  sometimes  necessary  and  is  good  construction  in  the  case  of  a  girder  carrying  a  wall,  to 
un  the  top  flange  plate  the  full  length  of  the  girder,  to  make  an  even  surface  on  which  to  build 
he  wall. 

19.  Double-layer  Beam  Girder. — A  type  of  beam  girder  constructed  by  placing  one  beam 
n  top  of  the  other  and  riveting  the  top  flange  of  the  lower  beam  to  the  bottom  flange  of  the 
pper  beam  to  take  up  the  horizontal  shear,  will  be  found  a  very  effective  girder.  Flange  plates 
r  channels  can  be  riveted  to  the  extreme  flanges  of  the  beams  and  a  high  amount  of  efficiency 

oijan  be  developed  from  this  form  of  girder.     It  is  important,  however,  to  make  certain  that  the 

orizontal  shear  between  beams  is  properly  taken  care  of  by  the  rivets  and  that  the  web  is 

afficient  to  withstand  buckling.     Although  not  usually  as  economical  in  material  as  a  plate 

upirder  or  a  very  deep  beam,  it  will  prove  advantageous  to  use  when  deep  beams  and  plate  girder 

eb  plates  are  not  readily  available.     The  cost  of  shop  work  on  this  type  of  girdei  is  a  great 

ii  eal  lower  than  on  plate  girders. 

20.  Tie-beams. — A  tie  or  tension  beam  is  one  which  takes  transverse  stress  and  direct 
msion  at  the  same  time.  Probably  the  best  example  of  such  a  beam  is  a  bottom  chord  of  a 
uss  which  is  taking  tension  and  at  the  same  time  acting  as  a  beam— for  instance,  supporting  a 
iling  or  a  concentrated  load  between  panel  points. 

In  designing  a  member  of  this  kind  care  should  be  taken  that  the  extreme  tension  fibers 
e  not  over  stressed.  As  the  maximum  fiber  stress  cannot  be  calculated  directly,  it  may  be 
icessary  to  make  trials  with  several  sections  before  the  proper  section  can  be  determined.  The 
ethod  of  procedure  is  as  follows:  (1)  Calculate  the  l)cnding  moment  in  inch-pounds  due  to  the 
;am  action,  (2)  select  a  member  for  trial  and  divide  the  bending  moment  by  the  section  modu- 
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lus  of  the  member  selected — the  result  gives  the  stress  per  square  inch  on  the  extreme  fiber  due 
to  bending,  (3)  divide  the  amount  of  tension  by  the  area  of  the  cross  section  of  the  member 
selected  for  trial — the  result  gives  the  stress  per  square  inch  due  to  tension,  and  (4)  add  these 
two  stresses.  If  the  sum  of  the  stresses  is  not  greater  than  the  allowable  stress  per  square  inch, 
the  member  is  acceptable.  If  the  member  does  not  fit  requirements,  another  section  should  be 
selected  and  the  calculations  repeated. 

21.  Strut-beams. — A  strut  or  compression  beam  is  one  which  is  subjected  to  combined 
compressive  and  transverse  stresses.  An  illustration  of  a  beam  of  this  kind  would  be  a  top 
chord  of  a  truss  subjected  to  direct  compression  and  also  taking  bending  due  to  a  concentrated 
load  between  panel  points.  Still  another  illustration  would  be  a  column  carrying  its  load  and 
taking  bending  due  to  wind  or  other  forces. 

A  member  of  this  type  can  be  designed  in  a  manner  similar  to  that  explained  above  for  tie- 
beams.     The  extreme  compression  fillers  should  be  investigated,  however,  instead  of  the  tension 
fibers.     The  column  formula  should  be  used  to  determine  the  maximum  allowable  fiber  stress. 
Another  analysis  of  this  type  of  beam  is  the  same  as  used  on  columns  which  take  axial  loads 
and  bending.     By  this  method  an  equivalent  axial  load  is 
computed  from  the  bending  moment  to  add  to  the  direct  load 
and  then  the  member  is  designed  as  a  column. 

The  method  of  procedure  is  as  follows:  (1)  Calculate  the 
bending  moment  in  inch-pounds  due  to  the  beam  action ;  (2 
select  a  member  for  trial;  (3)  multiply  the  bending  momeni 
by  the  distance  from  the  neutral  axis  to  the  extreme  fiber  anc 
divide  by  the  square  of  the  radius  of  gyration — the  resul 
gives  the  equivalent  axial  load,  due  to  the  bending  on  thf 
compression  fibers;  (4)  add  the  equivalent  and  direct  axia 
loads;  (5)  design  the  member  to  take  these  combined  load: 
using  the  column  formula. 

22.  Grillage  Beams. — Grillage  beams  are  beams  usee 
under  columns  in  foundations  for  the  purpose  of  distributini 
the  column  loads  over  a  wide  foundation  bed.  Steel  bean 
grillages  are  made  up  of  one  or  more  layers  of  beams,  th 
layers  being  built  up  in  the  manner  shown  in  Fig.  4. 

The  space  between  the  flanges  of  the  beams  should  no 
be  less  than  23/^  in.,  so  as  to  permit  the  proper  tamping  of  th 
concrete  in  which  all  grillage  foundations  should  be  incased 
The  distance  between  the  flanges  should  never  exceed  3  time 
the  flange  width. 

Beams  should  be  provided  with  gas-pipe  separators  spaced  near  the  ends  and  immediatel; 
under  points  where  concentrated  loads  are  applied  in  order  to  insure  that  the  beams  will  act  as 
unit.  A  double  line  of  separators  should  be  provided  for  all  members  over  8  in.  in  depth.  Cast 
iron  or  built-up  steel  separators  are  not  desirable,  as  they  break  up  the  continuity  of  the  concrete 
Material  for  grillages  should  not  be  painted  as  the  concrete  is  a  preservative  against  rust  an( 
corrosion,  and  the  concrete  will  bond  more  readily  to  an  unpainted  surface  of  steel. 

The  bearing  area  of  a  grillage  is  generally  taken  as  the  length  multiplied  by  the  out  to  ou 
distance  of  the  extreme  flange  edge  providing  beams  are  to  be  encased  in  concrete.  Some  speci 
fications  and  building  codes  permit  the  above  width  plus  the  width  of  the  upper  outer  flange 
on  both  sides,  on  the  basis  that  the  concrete  tamped  under  these  flanges  distributes  the  bearin 
to  the  concrete  adjacent  to  the  lower  outer  flanges. 

The  column  base  should  be  designed  so  that  the  load  will  be  distributed  in  direct  bearin 
to  the  webs  of  the  beams,  at  the  allowable  unit  bearing  stress  for  steel  on  steel  which  usuall; 
means  that  stiffener  angles  must  be  used  on  the  bottoni  of  the  columns  or  on  the  beam  webs 
This  form  of  construction  can  be  avoided  by  the  use  of  a  rolled  steel  slab  of  the  pioper  tiiicknes 
to  distribute  the  loads  over  the  grillage  webs,  or  it  is  sometimes  possible  to  place  the  grillage  s 
that  sufficient  area  of  the  column  bears  directly  over  the  webs  of  the  grillage  beams  to  give  tl 
required  bearing  area. 


M 


Al2 
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The  beams  in  a  steel  grillage  should  be  figured  for  bending,  shear,  and  buckling.  The 
buckling  due  to  direct  compression  in  a  lower  layer  is  likely  to  occur  where  the  web  of  the  upper 
grillage  bears  on  the  web  of  the  lower  grillage.  In  the  top  layer  the  tendency  to  buckling  comes 
from  the  direct  application  of  the  column  load.  Likelihood  of  the  web  buckling  due  to  inclined 
compressive  stresses  should  also  be  investigated  in  grillage  beams. 

Some  engineers  in  designing  grillages  consider  that  inasmuch  as  the  beams  are  incased  in 
concrete  and  held  together  with  separators,  that  the  webs  are  not  subject  to  buckling,  as  they 
are  braced  sideways  and  cannot  buckle.  With  this  assumption  the  webs  are  figured  for  bearing 
only,  using  the  allowable  unit  bearing  stress  for  steel  on  steel. 

As  channels  make  the  best  sections  to  resist  shear  and  buckling,  owing  to  their  thick  webs, 
4  channels,  placed  back  to  back  in  pairs,  which  are  capable  of  taking  the  shear  and  buckling, 
make  an  economical  design  for  the  upper  layer  of  a  grillage,  where  there  is  no  restriction  to  the 
dimensions  in  either  direction.  These  channels  should  be  developed  for  their  full  length  in 
bending. 

23.  Information  Regarding  Illustrative  Problems. — Following  are  a  number  of  illustrative 
problems  pertaining  to  different  kinds  of  beams  and  girders.  (For  methods  of  computing  reac- 
tions, shear,  and  moment,  see  chapters  in  Sect.  1.)  Some  of  the  unit  working  stresses  may  not 
agree  with  those  which  are  allowable  for  certain  building  codes  or  specifications,  but  they  will 
tend  to  show  the  principles  explained  in  the  text  of  this  chapter  and  other  quantities  may  be 
substituted  to  suit  the  individual  problem  as  it  arises.  In  calculating  the  bending  moment 
and  section  modulus  of  different  problems,  it  will  be  found  much  more  convenient  to  compute 
moments  in  thousands  of  foot-pounds  and  multiply  by  three-fourths  {%)  to  obtain  the  section 
modulus.  The  illustrative  problems  following,  however,  are  worked  out  in  inch-pounds  for 
bending  moments,  but  the  aforesaid  method  will  be  found  a  big  saver  of  time  for  the  experienced 
engineer. 

Illustrative  Problem. — Beam  with  a  Uniformly  Distributed  Load. — What  size  beam  is  required  to  carry  a 
uniformly  distributed  load  of  10001b.  per  lin.  ft.  over  a  span  of  18  ft.,  assuming  that  the  beam  is  suflBciently  braced 
laterally? 

^^/CCP  /d  per  linear  faof/^/. 


Total  load    =    (18)  (1000)   =  18,000  lb. 


-/8'-0" 


A 


;e.  =  fl,.18|20  =  9000  1b. 

M  =  ^^^-QQ^y^^'^^^^  =  486.000  in.-lb.  ^,,  i=  , 

8  90001b.  90001b. 

486,000 

*  ^   "T6:000  =  ^°-^  Fi«-  5- 

By  referring  to  a  table  of  properties  of  beams  it  will  be  seen  that  a  10-in.  40-lb.I  has  a  section  modi  lus  of  .31.7; 
but,  as  a  12-in.  31.5-lb.I  has  a  section  modulus  of  36,  the  12-in.  beam  is  the  more  economical,  besides  being  more 
readily  obtained. 

The  beam  should  next  be  investigated  for  shear.     Area  of  cross  section  of  the  web  of  the  12-in.  beam  =  (12) 
(0.35)   =  4.2  sq.  in. 

-T-^   =  2142  lb.  per  sq.  in. 

As  the  allowable  shearing  stress  is  10,000  lb.  per  sq.  in.,  this  section  is  ample  to  withstand  the  shear. 

This  problem  could  readily  be  solved  by  using   the   tables  of  safe  uniform  loads  for  I-beams  in   the  steel 
f/wi/A  handbook. 

lEpOOIb.       I5,()001b.  Illustrative  Problem. — Beam  With  Concentrated  Loads. — What  size 

beam  will  be  required  to  carry  two  concentrated   loads  over  a  span  of 
18  ft.,  with  the  loads  spaced  as  shown  in  Fig.  6? 


f^r 


"^S-O'-^b-O'- 


/&•  „         (7)(15,000)  +  (13)(12,000) 


l4J00/h  u /S^O' >i/^,^A  ^'  =  ' 18" ' =  ^'^'^^  '^• 


Fia.  6.  R.  =  (5)(12.000)  +  (11)(15.000)  ^  ^^^^^^  ,^ 

The  point  of  maximum  bending  moment  is  at  the  point  of  no  shear — that  is,  where  the  shear  changes  sign.  The 
point  of  maximum  bending  in  this  particular  case  will  be  at  the  right-band  concentrated  load,  or  at  point  "A" 
shown  in  the  figure. 

M  =  (12,.500)(7)(12)  -   1,050,000  in.-lb.      • 
^   L050^  ^ 
16,000 
By  referring  to  a  table  of  properties   of   beams   it   will  be   seen   that  a  15-in.  60-lb.l  has  a  section  modulus 
of  81.2  and  that  an  18- in.  55-lb.    I  has  a  section  modulus  of  88.4.     Since  the  18-in.  beam  is  of  less  weight  besidea 
developing  more  efficiency,  it  will  be  used. 
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Maximum  shear  =  14,500  lb. 


Area  of  cross  section    of  web  of  an  18-in.  5.5-lb.I  =   (18)  (0.46)   =  8.3  sq. 
Therefore 

1^^  =   1746  lb.  per  sq.  in. 

\s  the  allowable  shearing  stress  is  10,000  lb.  per  sq.  in.,  this  section  is  satisfactory  for  shear. 

Illustrative  Problem.— Beam  With  Load  Concentrated  at  Ceu/er.— What  size  beam  will  be  required  to  carry  a 
center  load  of  20,000  lb.  on  an  18-ft.  span? 

R,   =   R,   =   ^^^   =    10,000  lb. 
ZQOOOlb. 


iQOOO/b 


-9-0"- 


-9-0"- 


-l8'-0"- 


IO,OO0lb. 


M  = 

S  = 


(20.000)(18)(12)  ^  1080,000  in.-lb. 


4 

1.080,000 
16,000 


=  67.5 


p^g    7  By  referring  to  a  table  of  properties  of  beams,  it  will  be  seen  that  a  lo- 

in. 60-lb.I  has  a  section  modulus  of  81.2,  but  since  an  18-in.  55-lb.  I 
develops  a  section  modulus  of  88.4,  it  is  more  economical  to  use  the  18-in.  section.  Investigating  for  shear  it  ^"ill 
be  found  that  the  18-in.  beam  has  an  area  of  web  cross  section  of  (18)  (0.46)  =  8.3  sq.  in.  The  maximum 
shear  =  10,000  lb.      Therefore 

8.3 

As  the  allowable  shearing  stress  is  10,000  lb.  per  sq.  in.,  this  section  is  ample  for   shear.  ,  v      .jk     v 

This  problem  could  be  solved  by  using  the  tables  of  safe  uniform  loads  for  I-beams  given  in  the  steel  handbook. 
Illustrative  Prohlem.— Cantilever  Beam.— What  size  beam  will  be  required  to  safely  sustain  the  loads  shown 

in  Fig.  8?  „         ,  „  ff;'^307/il       JOOOIb      I^OOOIb 

To  ascertain  Ri,  take  moments  about  R\  as  fellows: 


Ri  = 


(5000)(7)  4-  (12,000)(18)  ^  ^^^^^  j^^ 


13 


To  find  fii,  take  moments  about  Ri,  or 


Ri 


(12,000)(5)  -  (5000)(6)  ^  2307  lb 


jiO"—^6'-0 
<r-/3-0"ck>csi/pporf: 

Fig.  8. 


\l33t 


S'-O'- 
\l^307lb 


13 


As  a  beam  must  be  in  equilibrium,  the  sum  of  the  loads  must  be  equal  to  the  algebraic  sum  of  the  reactions  and 
it  will  be  seen  from  the  diagram  that  in  order  for  the  forces  to  balance  there  must  be  a  downward  force  at  Ri  of 
23071b.  to  resist  the  uplift  at  that  point. 

The  maximum  bending  moment  occurs  at  support  R%,  or 

M  =  (12,000)  (5)  U2)  =  720,000  in. -lb. 
_  720,000  _ 
^  -    16,000    ~  ^^ 
By  referring  to  a  table  of  properties  cf  beams  it  will  be  seen  that  a  15-in.  42-lL.I  has  a  section  modulus  of  58.9  and 
will  satisfy  the  bending.  .  .  ,  -  ■ 

The  maximum  shear  of  12,000  lb.  occurs  immediately  beyond  the  support  of  the  cantilever  portion.     A  lo-in. 
42-lb.I  has  a  web  area  of  (15)  (0.41)  =  6.15  sq.  in.     Therefore 

12,000 


6.15 


=  1951  lb.  per  sq.  in. 


It  is  evident  that  the  section  is  satisfactory  as  regards  shear. 

The  web  should  be  investigated  for  buckling  to  ascertain  how  much  bearing  it  should  have  on  the  supporting 
column  at  ft2.      Using  the  formula 

p  =  16,000  -  121  - 

from  Art.  16c,  and  assuming  only  the  loaded  length  in  direct  compression 
Vta  =  i?2  =  19,307  lb. 

p=  16,000  -ii^^(il)  =  n,570 

0.41 


=  4.1  in. 


19.307 

F^'^-  "•  "  ~  (11,576)(0.41) 

Illustrative  Problem.— Tie  Beam.— Design  the  member  AB  in  Fife.  9  to  carry  a  concentrated  load  of  12,000  lb. 
as  shown,  and  to  take  simultaneously  a  tensile  stress  of  50,000  lb. 
The  bending  moment  due  to  the  concentrated  load 

(12,000)(6)(12) 


M  = 


216,000  in.-lb. 


Por  trial,  select  a  section  con.posed  of  two  10-in.  15-lb.  channels  which  have  a  total  S  of  26.8.     Then  the  stress  on 
the  extreme  fiber  due  to  bending  will  be 

/,  .21^  =  8059  lb.  per  sq.  in. 
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The  stress  per  square  inch  due  to  tension  will  be  the  stress  divided  by  the  area  of  the  section,  or 

50,000 


/2     = 


=  5005  lb.  per  sq.  in. 


8.92 
Then  the  total  stress  on  the  extreme  tension  fiber  will  be 

/i  +  /2  =  13,664  lb.  per  sq.  in. 
Therefore  the  member  selected  is  satisfactory. 

Care  must  be  taken  that  there  is  no  metal  taken  from  the  section  due  to  punching  at  the  center  where  the 

stress  is  a  maximum  sufficient  to  reduce  the  section  to  the  point  of  overstressing  the  member.     At  the  ends  of  AB, 

the  bending  moment  is  zero,  so  the  net  section  at  these  points  will  only  have  the  direct  tensile  stress  to  take  care  of. 

Illustrative  Problem. — Strut  Beam. — What  size  member  will  be  required  to  carry  a  concentrated  load  of  10,000 

lb.  at  the  center  of  a  span  of  8  ft.  and  take  a  direct  compressive  stress  of  20,000  lb.? 

(10,0O0K8)(12) 


M  = 


=  240,000  in. -lb. 


For  trial  select  a  section  composed  of  two  9-in.  ISJ-i-lb.  channels  each  of  which  has  a  radius  of  gyration  about  the 
principal  horizontal  axis  of  3.49  and  an  area  of  7.78  sq.  in.  ,„_«. 

TT      •  XU  A         Tl        T^         A  1  I  1  10,000  It. 

Using  the  A.  R.  E.  A.  column  formula  I 

L  * 

V  =  16,000        -" 


70 


T^^m^- 


-B'-O"- 


V  =  16,000  -  70  — —   =  14,110  lb.  per  sq.  in. 


Fig.   10. 


the  member  is  found  to  carry  as  a  column  14,110  lb.  per  sq.  in. — that  is 

96 
3.49 

As  the  maximum  compression  in  a  column  is  limited  by  the  formula  used  to  14,000  lb.  per  sq.  in.,  the  column  will 
safely  carry  (7.78)(14,000)  =  108,920  lb.  The  amount  to  be  added  to  the  direct  compression  due  to  bending  is 
(see  Art.  21). 

(240.000)(4.5) 

(3749)^—    =  ^^^^^^  ""• 

The  sum  of  the  direct  and  equivalent  axial  loads  is 

20,000  +  88,669  =   108,669  lb. 
Therefore  the  member  selected  is  satisfactory. 

Illustrative  Problem. — Single  Layer  Grillage. — What  size  grillage  will  be  required  to  carry  a  10-in.  H-column 
with  a  load  of  200,000  lb.  and  an  allowable  bearing  pressure  on  the  foundation  of  20,000  lb.  per  sq.  ft.? 
The  area  required  to  distribute  the  load  over  the  foundation  is 

200,000 
20,000 

Assuming  that  the  grillage  is  properly  incased  in  concrete,  the  webs  will  not  be  figured  for  buckling — only  for  shear 
and  bearing.  A  grillage  of  this  kind  can  be  placed  under  an  H-column  so  that  the  greater  part  of  the  column  shaft 
bears  directly  on  the  webs  of  the  grillage.     The  longitudinal  distribution  of  the  column  load  will  be  the  width  of  the 

column  flange  plus  twice  the  thickness  of  the  base  plate  (10  -\-  2  = 
12),   assuming   the  load  to   be  distributed   at   an   angle   of   45  deg. 
beyond  the  edge  of  the  column  shaft.     Figuring  bearing  of   steel  on 
steel  at  20,000  lb.  per  sq.  in.,  the  direct  bearing  area  required  is 
i  200,000 

20:000-  =^°^'^'"- 
As  the  length  is  already  determined  as  12  in.,  the  thickness  required 

for  each  web  is 

in 

=  0.208 


=   10  sq.  ft. 


Fig.   11.  (12)(4) 

assuming  4  channels.      Considering  the  width  of  the  grillage  distributing  to  the  loundation  to  be  9>2  +  (4)(.S)  = 


21>2 

1440 
21  5 


in.    (see  Art.   22)   and  as  an  area  of   10  sq.  ft.  or  1440  sq.  in.  is  needed,  the  length  of  the  grillage  will   be 
=  67  in.     Then 


M  = 
S  = 


(20^)  (^-3)=  1,375,000  in.-lb. 
1,375,000 


=  21.4 


(16,000)(4) 
As  the  point  of  maximum  shear  occurs  at  the  edge  of  the  base  plate,  the  total  maximum  shear 


V  = 


200,000  67  -  12 


67  2 

Then  the  amount  of  area  required  in  the  web  of  each  member 

82,088 


=  82,088  lb. 


td  = 


=  2.05  sq.  in. 


(4)  (10,000) 

Therefore  each  of  the  4  channels  should  have  the  following  properties 

Section  modulus  =  21.4 
Web  thickness  =  0.208  in. 
Web  area  =  2.05  sq.  in. 
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By  referring  to  a  table  of  properties  of  cliannels,  a  12-in.  20J'^-lb.  channel  is  found  to  have  a  section  modulus  of  21.4, 
a  web  thickness  of  0.28  in.  and  a  web  area  of  (12)  (0.28)  =  3.36  sq.  in.  Therefore  this  section  will  meet  all 
requirements. 

Illustrative  Problem. — Double  Layer  Grillage. — What  size  grillage  will  be  required  to  carry  a  14-in.  H-column 
with  a  load  of  400,000  lb.,  the  allowable  bearing  pressure  on  the  foundation  being  15,000  lb.  per  sq.  ft.?  As  the 
assumption  will  be  made  that  there  are  no  limitations  on  the  dimensions  of  this  grillage,  the  first  step  is  to  select  a 
section  for  the  top  layer  as  explained  in  the  preceding  problem.  It  is  found  that  four  12-in.  25-lb.  channels  will 
safely  resist  the  bearing  and  shear  and  will  safely  develop  a  length  of  46  in. 

The  length  of  the  lower  layer  is  determined  as  follows: 
400,000  .  .  „  _  ,, 

(15.000)(3.83)  =  ^F^'  '^^  ^  "• 
Then  the  total  bending  moment  on  the  lower  grillage 
/400.000\  /84 


/400.000N  /84        -  .N 


2,900,000  in.-lb. 


Fig.  12. 


»."     2 

Assuming  that  the  lower  grillage  is  composed  of  5  beams  placed  on  10- 
in.  centers 

2,900,000 


5  = 


=  36.25 


(16,000)(5) 

By  referring  to  a  table  of  properties  of  beams,  a  12-in.  40-lb.I  is  found  to  have  a  section  modulus  of  44.8  and  there- 
fore will  be  satisfactory  for  bending. 

The  shear  on  each  beam 

400,000     (84  -  19) 


V  = 


=  30,940  lb. 


(5)(84) 

Since  the  section  will  develop  (12)  (0.46)  (10,000)   =  55,200  lb.,  it  is  satisfactory  for  shear. 

The  amount  of  bearing  area  required  of  steel  on  steel  to  take  the  load  from  the  webs  of  the  upper  layer  to  the 

webs  of  the  lower  layer  is 

400,000 

20,000 


=  20  sq.  in. 


Therefore  at  each  point  of  the  ten  intersections  of  the  two  layers  there  should  be  2  sq.  in.     The  webs  of  the  upper 
layer  have  (2)  (0.39)  (5.25)   =  4.09  sq.  in.  and  the  webs  cf  the  lower  layer  (0.46)  (2)  (3.05)  =  2.80  sq.  in. 

As  all  conditions  aie  satisfied,  the  five  12-in.  40-lb.I's  will  be  satisfactory  for  the  lower  grillage. 

Illustrative   Problem. — Beam   Reinforced  with  Flange  Plates. — What  load  uniformly  distributed  will  a  24-in. 
80-lb.  I-beam  carry  if  the  span  is  40  ft.  and  a  10  X  J'2-in.  cover  plate  is  riveted  to  each  flange? 

The  first  thing  to  determine  is  the  net  moment  of  inertia  about  axis  X-X  and  from  that  the  section  modulus 
of  the  section  in  question.     The  allowance  made  for  a  rivet  hole  is  for  a  hole  H  in.  more  in  diameter  than  the  diam- 
eter of  rivet — that  is,  J^  in.  for  a  Ji-in.  rivet. 
I  of  24-in.  80-lb.  I-beam 

(2)(10)(0.5)' 


I  of  two  10  X  J'2-in.  plates 


12 


(Area  of  two  10  X  M-in.  plates)  (12.25)  = 
Area  of  1  rivet  hole  =  (0.875)(1.37)  =  1.20  sq.  in. 
I  of  4  rivet  holes  =  ffl875)(L37)3(4)  ^^^^  g^^^    ^^  ^^^   g^^j 
(4)(1.20)(11.81)2 


= 

2087. 

9 

= 

0. 

208 

= 

1500 

625 

3588 

733 

0 

.748 

668 

.444 

669.192 


Net  I  =   2919.541 
2919.541 


Fig.  i: 


=  233.56 


Then  the  safe  load  which  this  section  is  capable  of  supporting  including  the  weight  of  the  girder  will  be 

(233.56) (16,000) (8)  ^        3^3  j^ 
(40)(12) 

Illustrative  Problem. — A  Spandrel  or  Wall  Girder. — What  section  of  wall  girder 
with  span  of  25  ft.,  will  be  required  to  carry  a  uniformly  distributed  floor  load  of 
17,000  lb.  applied  from  one  side  of  the  girder  only  and  in  addition  to  carry  a  wall 
load  of  48,000  lb.  equally  distributed  over  both  members  (Fig.  14)? 

The  member  on  the  side  carrying  the  floor  load  should  be  designed  to  carry  the 
floor  load  and  one-half  the  wall  load,  or 

M  =  (41.000H25)(12)  ^  1537,500 in.-lb. 

1,537,500 


Fig.  14. 


S  = 


=  96  09 


16,000 
A  20-in.  65-lb.I  has  a  section  modulus  of  117  and  is  therefore  selected. 

The  maximum  shear  is  one-half  the  load  or  20,500  lb.     As  the  area  of  the  web  of  a  20-in.  65-lb.  I-beam  =  (20) 
(0.5)  =  10  sq.  in.,  the  web  is  good  for  (10)  (10,000)   =  100,000  lb.,  which  is  ample. 
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The  member  carrying  one-half  ot  the  wall  only  or  24,000  lb.  will  have  a  moment  of 
iV/=.^^^-»""P^^^^^  =  900.000  in.-lb. 


16,000 


A  15-in.  42-lb.I  has  a  section  modulus  of  58.9  and  is  the  section  selected. 

The  maximum  shear  equals  one-half  the  load,  or  12,000  lb.  The  web  of  a  15-in.  42-lb.I  is  good  for  (15)  (0.41) 
(10,000)  =  61,500  lb. 

By  proportioning  members  in  a  double-beam  girder  by  this  method,  it  will  carry  the  loads  applied  most  directly 
to  the  members  in  the  most  efficient  manner.     Separators  should  be  provided  as  specified  in  Art.  17. 

Illustrative  Problem. — A  Double-layer  Beam  Girder. — What  load  uniformly  distributed  will  a  double-layer 
beam  girder  carry  which  is  composed  of  two  18-in.  55-lb.  I-beams  and  has  a  span  of  50  ft.,  assuming  that  the 
member  is  properly  braced  laterally? 

The  first  step  is  to  find  the  inertia  of  the  combined  section  and  from  that  the  section  modulus  about  axis  x-x. 

I  of  the  two  beams       =  1591.2 
(31.86)  (9)  2  =  2580.66 


S 


Total  I  =  4]71.86  X.-*^ 


Then  the  safe  carrying  capacity  is 


18 

(231.77)(16.000)r8) 
(12)(50) 


=  49,444  lb.  Fio.   15. 


The  web  is  capable  of  taking  (30)  (0.40)  (10,000)   =  105,600  lb.  in  shear.     The  maximum  shear  on  the  girder 
49  444 
is  but       '^        =  24,722    lb. 

The  next  consideration  is  the  riveting  of  the  two  beams  together.  The  maximum  spacing  at  the  ends  of  beam 
should  be  such  that  there  would  be  sufficient  rivets  in  a  length  equal  to  the  depth  of  the  girder  to  take  the  hori- 
zontal shear.  The  horizontal  shear  is  equal  in  intensity  to  the  vertical  shear  at  any  point  and  varies  from  a  maxi- 
mum at  the  ends  to  zero  at  the  center  of  the  span.  Since  the  maximum  shear  =  24,722  lb.,  then  the  rivets  at  the 
ends  should  be  spaced,  assuming  two  lines  of  ?i-in.  diam.  rivets  with  an  allowable  shearing  stress  of  4420  lb.  per 
rivet, 


(36) (4420) (2) 
24,722 


=  12.8  in.  on  centers. 


As  this  theoretical  rivet  spacing  is  not  practical,  the  girder  should  have  rivets  spaced  for  a  distance  at  the  ends 
equal  to  about  the  depth  of  girder  at  not  moie  than  3  in.  on  centeis.  The  rivet  spacing  throughout  the  remainder 
of  the  girder  should  not  be  more  than  6  in.  on  centers. 

It  should  be  noted  that  the  section  modulus  of  this  girder  (231.77)  is  an  increase  of  31  %  over  the  same  two 
beams  if  they  were  placed  side  by  side. 

CAST-IRON  LINTELS 
By  Alfred  Wheeler  Roberts 

Lintels  made  of  cast  iron  are  not  extensively  used  in  present-day  construction,  but  can  be 
used  to  good  advantage  on  certain  kinds  of  structures.  For  spanning  openings  where  a  flat 
soffit  is  desirable  and  no  plastering  is  needed,  and  also  fot  use  over  store  fronts  where  cast-iron 
columns  are  employed,  lintels  of  cast  iron  make  a  good  practical  form  of  construction  and  can  be 
fluted  on  the  outside  face  or  otherwise  ornamented. 

On  account  of  the  many  chances  of  imperfections  in  a  casting,  such  as  blow  holes  and  cracks 
due  to  uneven  cooling  of  the  elementary  portions  of  the  lintel,  cast  iron  is  not  the  most  depend- 
able metal  to  be  used  in  an  important  structural  member.  In  any  piece  of  cast  iron  there  is 
always  an  internal  initial  stress  produced  during  the  process  of  cooling,  and  since  this  stress  is 
an  unknown  quantity,  it  can  only  be  assumed  as  being  counteracted  by  the  factor  of  safety 
allowed  in  choosing  the  working  stresses. 

Cast-iron  lintels  should  be  thoroughly  inspected  for  cracks  and  blow  holes  before  they  are 
painted,  as  these  defects  can  be  easily  hidden  by  filling  in  cracks  and  holes  and  painting  over 
them. 
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24.  General  Proportions. — The  width  of  the  bottom  flange  should  be  made  equal  to  the 
width  of  the  wall  that  is  to  be  carried,  or  if  it  is  desirable  or  necessary  to  fireproof  the  lintel,  i' 
can  be  made  several  inches  less  than  the  wall  width  to  allow  for  the  fireproofing. 

The  web,  or  stem  as  it  is  sometimes  called,  should  be  made  deep  enough  to  prevent  a  deflec 
tion  which  would  cause  the  wall  to  crack  or  open  up  joints  in  the  brick  courses. 

When  the  bottom  flange  is  suflSciently  wide,  it  is  desirable  to  cast  brackets  at  the  center  o 
the  lintel,  as  shown  in  Fig.  16,  in  order  to  give  lateral  stiffness  to  the  lintel  and  brace  the  sten 
which  is  taking  compression. 

Lintels  with  two  or  three  webs  should  have  a  vertical  cross  piece  cast  at  each  end  connect 
ing  the  webs.     Where  lintels  are  to  be  used  over  more  than  one  span,  the  ends  of  abutting  lintel; 

should  be  bolted  together. 

25.  Working  Stresses. — Cast  iron  to  resist  bend 
ing  in  compression  should  be  figured  at  16,000  lb.  pe 
sq.  in.  at  the  extreme  fiber.     To  resist  bending  ij 
tension  it  should  be  figured  at  3000  lb.  per  sq.  in.  a 
the  extreme  fiber.     The  shearing  stress  should  not  exceed  3000  lb.  per  sq.  in. 

26.  Form  of  Cross  Section. — The  cross  sections  commonly  used  for  cast-iron  lintels  ar 
shown  in  Figs.  17,  18,  19,  and  20.  The  ideal  condition  in  designing  a  cast-iron  lintel  from 
strictly  theoretical  and  economical  standpoint  is  when  the  metal  in  compression  is  stressed  up  t 
the  same  proportion  of  the  allowable  stress  as  the  metal  in  tension.  This,  however,  is  ver; 
seldom  possible  due  to  local  conditions  generally  fixing  the  width  of  the  flange  and  the  span  fixin 
the  web  or  stem  depth.  The  ideal  condition,  also,  would  make  the  thickness  in  the  stem  met£ 
vary  so  much  from  the  thickness  of  the  flange  metal,  that  there  would  be  the  tendency  for  th 
metal  to  crack  in  cooling  at  a  point  where  they  join  together.  It  is  therefore  advisable  t 
keep  the  metal  thicknesses  imiform  throughout. 


Fig.  17.  Fia.   18.  Fig.   19.  Fig.  20. 

27.  Shear. — In  beveling  the  stem  of  a  lintel,  it  should  not  be  beveled  so  much  that  it  wi 
not  allow  sufliicient  web  area  at  the  edge  of  the  end  supports  to  take  the  shear.  The  outstandin 
legs  of  the  bottom  flange  should  not  be  considered  as  taking  the  end  shear. 

28.  Bending. — The  maximum  depth  of  the  lintel  need  only  be  maintained  as  far  as  it 
needed  to  take  the  maximum  bending  moment.  The  stem  can  be  beveled  toward  each  end  wit! 
out  impairing  the  strength  of  the  lintel,  as  shown  in  Fig.  16.  If  the  load  is  applied  as  a  unifori 
load,  the  bending  moment  will  vary  as  a  parabola  and  to  be  theoretically  correct  the  top  of  th 
stem  of  the  lintel  should  vary  as  a  parabolic  curve;  but  as  a  straight  bevel  is  more  simple  t 
cast,  it  can  be  made  so,  providing  the  stem  does  not  become  less  at  any  point  than  is  require 
to  give  the  proper  resistance  to  bending. 

29.  Loads  Supported. — In  determining  the  loads  imposed  on  lintels,  the  floor  loads 
any  are  carried  on  the  wall  supported,  should  be  taken  into  account. 

If  the  wall  is  solid  with  no  window  openings  above  the  lintel,  the  wall  will  arch  and  carr  '; 
a  great  deal  of  the  load  to  the  adjoining  wall  which  supports  the  lintel  without  engaging  tl 
lintel.     The  portion  for  which  the  lintel  should  be  designed  would  be  a  triangle  whose  base  wi 
be  the  span  of  the  opening  and  whose  height  will  be  one-half  of  the  span.     This  is  only  trv 
when  the  adjoining  wall  is  sufficient  to  take  the  resultant  thrust  due  to  the  arch  effect. 

If  the  wall  over  the  lintel  has  window  openings  with  piers  resting  immediatelj*  over  th 
lintel,  the  amount  of  wall  and  the  manner  in  which  it  is  delivered  to  the  lintel,  must  be  taken  inl 
account. 

Each  individual  case  must  stand  on  its  own  merits  and  the  lintel  designed  according!; 
If  the  loads  are  underestimated,  it  will  cause  a  deflection  sufficient  to  crack  the  walls  and  creai 
a  permanent  damage  to  the  building  which  would  be  hard  to  remedy. 
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Illustrative  Problem. — What  load  will  the  lintel  shown  in  Fig.  21  carry  on  a  12-ft.  span? 

The  location  of  the  neutral  axis  A-A  through  the  center  of  gravity  of  the  section  should  first  be  determined. 
To  do  this  take  momenta  of  the  areas  of  each  elementary  section  about  line  B-B  and  divide  by  the  total  area  of  the 
section  (see  Sect.  1,  Art.  44): 

(7)(1)(3.5)  =     24.5 
(12)  (1)  (7.5)  =     90.0 

114.5 
114.5 
19 
or  1.98  in.  above  line  C-C 

Having  determined   the  location  of  the  neutral  a.\is,  the  next  step  is  to  determine  the  moment  of  inertia  (see  Sect. 
1,  Art.  61c;: 

(1)(7)» 


=  6.02  in.  below  line  B-B 


12 

(12)(1)3 
12 

(7)(2.52)2    = 
(12)(1.4S)2  = 


28.58 


44.45 
26.28 


I  =  100.31 
The  section  modulus  or  moment  of  resistance  of  the  section 


100.31 


=  50.66 


Then 


W  = 


1.98 

f50.66)(3000)(8) 
(12)(12) 


(TF)(12)(12) 
(8)  (3000) 


8443  lb. 


Therefore  tiie  sectior  in  question  will  carry  8443  lb.  uniformly  distributed  ever  a  span  of  12  ft. 

Illustrative  Problem. — Determine  the  safe  uniform  load  that  the  lintel  shown  in  Fig.  22  is  capable  of  carrying 
an  a  span  of  10  ft. 

The  location  of  tne  neutral  axis  line  A-A  should  first  be  determined: 

(2)(7)(1)(3.5)  =     49 
(16)(n       (7.5)  =  120 

169 
169 
—    =  5.03  in.  below  line  B-B 

2.37  in.  above  line  C-C 


To  find  the  moment  of  inertia: 


(2)(1)(7)3 

12 

(16)(1)3 

12 

(2)(7)(2.13)2 

(16)(1.87)2 


_ 

1.33 

= 

63.42 
55.84 

/    =    177.75 

177.75  ^  (.W)(10)(12) 

2.37  (8)(3000) 


Fig.  22. 


Then 


W 


(75)(3000)(8) 
(10)(12) 


15,000  lb. 


Therefore  the  section  in  question  will  carry  15,000  lb.  uniformly  distriluted  over  a  span  of  10  ft. 

It  should  be  noted  that  the  least  moment  of  resistance  or  section   modulus  is   obtained   by   investigating  the 
;xtreme  tension  fiber,  or  by  dividing  the  moment  of  inertia  by  the  distance  from  the  neutral  axis  to  the  bottom. 

The  bending  moments  of  lintels  should  be  figured  the  same  as  anj  other  beam  and  is  dependent  upon  the  way 
he  load  is  applied  to  the  lintel. 

The  section  modulus  required  to  resist  a  bending  moment  in  tension  is  determined  by  dividing  the  moment 
n  inch-pounds  by  3000  lb.  which  is  the  allowable  stress  on  the  extreme  fiber  in  tension. 

The  compression  side  of  an  ordinary  lintel  section  is  generally  much  stronger  than  required  and  therefore  does 
lot  usually  have  to  be  investigated.     The  question  of  shear,  however,  should   be  considered. 

30.  Table  of  Strength  of  Cast-iron  Lintels. — The  accompanying  table  gives  the  section 
paodulus  of  various  lintel  sections  and  will  cover  most  any  requirement  for  the  usual  wall 
ihicknesses.     Some  special  widths  may  be  determined  by  interpolation. 

The  position  of  the  stem  on  a  flange  does  not  alter  the  resistance  of  a  lintel  to  bending. 
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Moment  of  Resistance  of  Various  Lintel  Sections 
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L  J^ 


L=J  =Li 


1X1  ML 


Thick- 

Flange 

Stem 

ness  of 

(inches) 

(inches) 

metal 

(inches) 

Mo- 
ment 
of  re- 
sistance 


12 


10 


12 


1 


1 

m 


m 


1 


1 
m 


1 


1 

m 


15.8 
18.9 
21.5 
19.6 
23.4 
26.4 


25.0 
30.3 
34.8 


30.6 
37.6 
43.4 


26.5 
31.6 

34.8 


Flange 
(inclies) 


41.7 
50.6 
58.6 


58.0 
72.2 
83.7 


75.2 
94.8 
111.4 


12 


Stem 
(inches) 


16 


16 


24 


Thick- 
ness of 
metal 
(inches) 


Mo- 
ment 
of  re- 
sistance 


10 


12 


10 


1 


1 


1 


1 
IK 


1 


1 
m 


12 


12 


1 

m 


m 


1 


1 


1 


1 


1 

U4 


1 


31.6 
37.8 
43  0 


49.5 
60  8 
69  8 


58.0 
72.2 
83.8 


75.2 
94.8 
111  .4 


39.2 
46.8 
52,8 


61.2 
75.0 
86.8 


83.3 
105.1 
124.0 


110  8 
139.9 
166  5 


47  2 
55  0 
62.0 


72.5 
89.4 
102,4 


100.4 
125.3 
146.8 


122.5 
158.0 
189.4 


53,0 
63  2 
69.6 


83.4 
101  .2 
117.2 


116.0 
144.4 
167.4 


150  4 
189.6 
222  8 


Flange 
(inches) 


Stem 
(inches) 


36 


Thick- 
ness of 
metal 
(inches) 


10 


10 


12 


12 


1 


1 


1 


1 

13-4 


1 


1 


1 

m 


1 


1 


1 

m 


1 

1>4 


1 

252  8 
300  8 

?4 

1 

79.5 
94  8 
104  4 
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REINFORCED  CONCRETE  BEAMS  AND  SLABS^ 
By  W.  J.  Knight 
31.  Flexure  Formulas. — Assumptions  as  a  basis  for  calculations : 

1.  Calculations  are  made  with  reference  to  working  stresses  and  safe  loads  rather  than  with  reference  to  ulti- 
mate strength  and  ultimate  loads. 

2.  A  plane  section  before  bonding  remains  plane  after  bending. 

3.  The  modulus  of  elasticity  of  concrete  in  compression  is  constant  within  the  limits  of  working  stresses;  the 
distribution  of  compressive  stress  in  beams  and  slabs  is  therefore  rectilinear. 

4.  The  values  for  the  modulus  of  elasticity  of  concrete  in  computations  to  determine  the  position  of  the  neutral 
axis,  the  resisting  moment  of  beams  and  slabs,  and  the  compression  of  concrete  in  columns  are  as  follows: 

(a)  One-fifteenth  Of  5)  that  of  steel,  when  the  compressive  strength  of  the  concrete  at  28  days  exceeds  1500 
and  does  not  exceed  2200  lb.  per  sq.  in. 

(6)  One-twelfth  (J-12)  that  of  steel,  when  the  compressive  strength  of  the  concrete  at  28  days  exceeds  2200  and 
does  not  exceed  2900  lb.  per  sq.  in. 

(c)  One-tenth  (Ho)  that  of  steel,  when  the  compressive  strength  of  the  concrete  at  28  days  is  greater  than 
2900  lb.  per  sq.  in. 

Note. — The  tables  in  this  chapter  are  confined  to  the  use  of  ra  =  15  and  n  =  12,  the  former  ratio  (/»  =  15) 
being  the  assumption  most  generally  adopted  by  engineers  in  the  design  of  practical  structures. 

5.  In  calculating  the  moment  of  resistance  of  reinforced  concrete  beams  and  slabs,  the  tensile  resistance  of 
the  concrete  is  neglected. 

6.  The  adhesion  between  the  concrete  and  the  metal  reinforcement  remains  unbroken  throughout  the  range 
of  working  stresses.  Under  compression  the  two  materials  are  therefore  stressed  in  proportion  to  their  moduli  of 
elasticity. 

7.  Initial  stress  in  the  reinforcement,  due  to  the  contraction  or  expansion  of  I* ^  1    ■ 
the  concrete,  is  neglected.                                                                                                                     /      *  ,^   ^^p  ^ 


Although  the  above  assumptions  are  not  in  exact  accordance  with 
experimental  data,  they  are  sufficiently  accurate  and  insure  sim- 
plicity in  making  cak'ulation.  The  formulas  follow  (see  Fig.  23 
and  Notation  in  Appendix  A): 

Position  of  neutral  axis 
Arm  of  resisting  couple 

Balanced  value  for  ratio  k 

Steel  ratio  for  balanced  reinforcement 


k  =  ■\/2pn  +  (pn)2  —  pn 


k  = 


I' 


1  +  4 

nf 


fXnfc 
Ab 

bd 


2h 


When  over-reinforced,  the  resisting  moment  depends  on  the  concrete  and  its  value,  then,  is 

Mo  =  yihkjihd'^) 


6a2  =  ^^^.,  or  /c 


2M 

fckj'  "'  ■"'       kjbd'^ 

When  under-reinforced,  the  resisting  moment  depends  on  the'steel  and  its  value,  then,  is 

M,  =  pfsjibd^)  =  fsAsjd 


Sfreas  Diagram  Oass  Section. 

Fia.  23.  / 


(1) 
(2) 

(3) 

(4) 
(4^) 

(5) 

(.5A) 

(6) 


Unit  compressive  stress  in  concrete 


Unit  tensile  stress  in  steel 


1  See  also  Appendices  J  and  K. 


6d2  = 


M 

"    Pfsf 

M 

Asjd 

2M 

2pf,            fsk 

kjbd^ 

k         n(l  -  k) 

u  = 


M 

Aajd 


(6A) 


(7) 


(8) 
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If  K  =  rjJi  then  the  value  of  A'  in  terms  of  steel  stress  is 

Oct' 

^  =  S.  =  P^'^-  =  ^/<1  -  -3)  (9) 

In  terms  of  concrete  stress,  value  of  K  is 

^  =  6T^  =  y^^^'^'  =  '-H'  -  3-)  (10^ 

Illustrative  Problem. — Find  the  values  of  p  and  A:  so  that  a  beam  or  slab  will  be  of  equal  strength  in  tension 
and  compression.     Assume /»  =  16,000, /c  =  700  lb.  per  sq.  in.  and  n  =  12. 
Substituting  values  in  (4) 


16,000/    16,000  \ 


0.00753 


700    V  (12)  (700) 

k  =  \/(2)  (0.00753)  (12)  +  (0.00753)2(12)2  -  (0.00753)  (12)   =  0.344 
With  this  combination  of  values  for  fs  and  fc  and  with  n  assumed  at  12,  the  steel  (or  Ms)  will  control  in  any  case 
when  p  is  less  than  0.00753  and  the  concrete  (or  Mc)  will  control  when  k  is  greater  than  this  value. 

When  Ms  controls  and  is  known  for  any  combination  of  unit  stresses,  the  resisting  moment 
Ms  can  be  found  for  any  other  combination  of  unit  stresses  (n  and  k  remaining  the  same)  by 
proportioning  the  two  values  of  fs  and  multiplying  the  known  value  of  Ms  by  the  proportional 
increase  or  decrease.     This  holds  true  when  the  steel  controls  in  any  two  cases. 

Illustrative  Problem. — A  4H-in.  slab  with  d  =  3H  in.,  As  =  0.28  sq.  in.  per  foot  width,  p  =  0.0067  and  k  = 
0.358,  has  a  moment  Ms  =  13,810  in.-lb.,  when  /.  =  16,000,  fc  =  650  and  n  =  15.  Find  the  value  of  Ms  by.  pro- 
portioning the  two  values  for  fs  for  the  same  member  when  the  limiting  stresses  for  fs  and  fc  are  18,000  and  750, 
respectively,  and  n  =  15.     The  proportion  that  fs  =  18,000  is  greater  than  fs  =  16,000  is 

18,000  -  16,000  _  ,„  ^ 
16,000  "  ^^-^  ^° 

The  resisting  moment  required  is 

Ms  =  13,810  +  (0.125)  (13,810)  =  15,540  in.-lb. 
The  same  condition  applies  in  a  similar  manner  when  the  concrete  (or  Mc)  controls  for  any  two  combinations  of 
unit  stresses,  the  value  of  Mc  for  one  being  known. 

Illustrative  Problem. — Determine  whether  Ms  or  Mc  controls  in  a  rectangular  beam  when/«  =  16,000, /e  =  800 
and  n  =  15,  assuming  steel  ratio  p  =  0.0082,  from  which  k  =  0.387. 
Steel  ratio  for  balanced  reinforcement,  Formula  (4) 

^  =  16,000.    16^000       ,      .    =  00^«^ 
800     V  (15)  (800)  / 

Knowing  p  to  have  a  value  of  0.0107  for  equal  strength  in  tension  and  compression,  it  follows  that  Ms  controls  for 
p  =  0.0082. 

As  the  steel  area  As  or  steel  ratio  p  increases,  k  increases  and  j  decreases  (though  not  in 
the  same  ratio),  for  the  reason  that  as  the  percentage  of  steel  gets  larger,  the  neutral  axis  is 
lowered,  resulting  in  a  greater  numerical  value  for  k  (thus  lowering  the  neutral  plane)  and  a 
lessening  value  for  j  since  the  centroid  of  compressive  stress  is  lowered.  This  condition  will  be 
made  clear  by  application  of  formulas  and  reference  to  stress  diagram.  Fig.  23. 

The  flexure  formulas  can  be  applied  to  any  rectangular  member  in  an  existing  structure  for 
the  purpose  of  finding  the  safe  load  capacity,  or  to  any  rectangular  member  in  a  proposed  struc- 
ture, where  the  structural  sizes  are  to  be  estabUshed. 

Illustrative  Problem. — What  will  be  the  values  of /c  and /s  in  a  beam  12  X  18  in.  reinforced  with  three  ^-in. 
rounds,  for  a  clear  span  of  15  ft.  0  in.  non-continuous  when  sustaining  a  total  load  of  14,000  lb.     d  =  16  in.  n  =  15. 


k  =  V  (2)  (15)  (0.0069)  +  (15)2(0.0069)2  -  (0.0069)  (15)  =  0.363 
i>/  =  ^^^'QQQP^<^^^=  315,000  in.-lb. 


Substituting  values  in  Formula  (7) 

fc 

Substituting  values  in  Formula  (8) 


(2)  (315,000)  ..„,, 

^'  =  (0.363)  (0.879)  (12)  (16)  2  =  ^42  lb.  per  sq.  m. 


/,  =  3L5^000 ^  . 

^         (1.33)  (0.879)  (16)  ^       ^ 
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Illustrative  Problem. — A  rectangular  beam  30  ft.  0-in.  span,  non-continuous,  is  required  to  support  a  brick 
wall  IS  in.  thick  and  12  ft.  0  in.  high.  Find  the  depth  d  and  steel  area  A,,  when/,  =  18,000  and/e  =  750,  for  equal 
strength  in  tension  and  compression.  The  width  6  is  fixed  to  conform  to  thickness  of  brick  wall.  6  =  18  in. 
n    =   15. 

Brick  wall  load  =   (30)  (12)  (180)   =  64,800 

Beam  load  assumed  =  (30)  (780)  =  23,400 


M  = 


Total  load 

(88,200)  (30)  (12) 


From  Formula  (4),  for  balanced  reinforcement, 

P  = 


H 


18,000/    18,000  \ 

750    V (15)  (750)  "*"     ) 


88,200 
3,969,000  in.-lb. 


=  0.0080 


From  Formula  (3) 


k  = 


1 


1  + 


18,000 


0.385,     j  =  0.872 


(15)  (750) 

Since   the  values  /s  and  fc  are  balanced,  substitute  in  either  Formula  (5.4)  or  (6A). 
Formula  (5.4) 

(2)  (3,969,000) 


From 


6d2 


or  from  (6.4) 


2M 
fckj- 

M 


(i=  = 


(18)  (750)  (0.385)  (0.872)' 

3,969.000 

(18)  (0.0080)  (18,000)  (0.872)' 


d  =  41.9  in. 


d  =  41.9  in. 


From  Formula  (4vi) 

As  =  (0.0080)  (18)  (41.9)   =  6.04  sq.  in. 
For  practical  reasons  make  rf  =  42  in.  (see  Fig   24). 

31a.  Use  of  Tables  and  Diagrams.- — After  the  application  of  formulas  in  the 
design  of  rectangular  beams  and  solid  slabs  is  thoroughly  understood,  the  designer  should  resort 
to  the  use  of  tables  and  diagrams  such  as  illustrated  in  subsequent  pages.     Tabular  values  are 


M 


for 


given  for  k  and  j  for  various  percentage  of  steel,  also  diagrams  giving  the  values  K  =  ,,^ . 

the  various  steel  and  concrete  stresses,  and  steel  ratios  p.  Using  these  tables  and  diagrams  will 
not  only  result  in  lessening  the  amount  of  work  and  time  involved,  but  will  reduce  to  a  minimum 
the  occasion  for  material  errors  when  making  calculations. 

32.  Lengths  of  Beams  and  Slabs  Simply  Supported. — As  stated  by  the  Joint  Committee 
on  Standard  Specifications  for  Concrete  and  Reinforced  Concrete,  the  span  length  for  beams 
and  slabs  simply  supported  should  be  taken  as  the  distance  from  center  to  center  of  supports, 
but  need  not  be  taken  to  exceed  the  clear  span  plus  the  depth  of  beam  or  slab. 

The  Joint  Committee  further  states  that 

The  span  length  for  continuous  or  restrained  beams  built  to  act  integrally  with  supports  may  be  the  clear 
distance  between  faces  of  supports.  Where  brackets  having  a  width  not  less  than  the  width  of  the  beam  and  mak- 
ing an  angle  of  45  deg.  or  more  with  the  horizontal  axis  of  a  restrained  beam  and  built  to  act  integrally  with  the 
beam  and  support,  the  span  may  be  measured  from  the  section  where  the  combined  depth  of  the  beam  and  bracket 
is  at  least  one-third  (J-^)  more  than  the  depth  of  the  beam,  but  no  portion  of  such  a  bracket  shall  be  considered  as 
adding  to  the  effective  depth  of  the  beam.  Maximum  negative  moments  are  to  be  con- 
sidered as  existing  at  the  ends  of  the  span. 

33,  Shearing  Stresses  in  Reinforced  Concrete  Beams. — The  variation 
in  shearing  stresses  in  a  reinforced  beam  differs  from  that  in  a  homogeneous 
beam,  due  to  the  concentration  of  tensile  stress  in  the  steel.  In  Fig.  25  the 
opposing  concrete  forces  acting  through  the  centroid  of  compression  are 
represented  by  C  and  C  in  a  short  portion  of  a  beam,  where  V  represents  the 
total  vertical  shear.  T  and  T'  indicate  the  opposing  tensile  stresses,  v  denotes  the  unit  hori- 
zontal or  vertical  shearing  stress  at  any  point  between  the  steel  and  the  neutral  axis,  and  b  the 
width  of  the  beam.  It  follows,  then,  since  the  tensile  and  compressive  forces  are  in  equilibrium, 
that  C"  =  T",  and  C  =  T.  The  total  horizontal  shearing  stress  upon  any  horizontal  plane, 
immediately  above  the  steel  or  between  the  steel  and  the  neutral  axis,  is  T'  —  T.     Then 

T'  -T 
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From  equality  of  moments,  or  equilibrium  produced  by  the  various  couples, 

Vx  =  {T'  -  T)jd 

Vx 
Substituting  the  value  of  T'  —  T  =  -r-r  in  equation  (1),  there  follows: 

Equation  (2)  gives  the  intensity  of  shearing  stress  for  any  point  between  the  steel  and  the 
neutral  axis.  Since  the  value  of  j  varies  but  slightly  for  various  percentages  of  steel,  the  unit 
shearing  value  v  will  be  only  slightly  affected  if  the  average  ratio  j  =  J^  is  substituted  in  (2). 
Then 

Fig.  26  represents  the  law  of  variation  of  shearing  stress  on  a  vertical  cross  section.  The  inten- 
sity of  shearing  stress  at  any  point  between  the  steel  and  the  neutral  axis  is  the  same,  whereas 

between  the  neutral  axis  and  the  extreme  fiber  of  compressive  face,  the 

shear  variation  follows  the  parabolic  law. 

For  all  practical  purposes  the  use  of  Formulas  (2)  or  (3)  can  be  relied 

upon  to  give  results  within  the  range  of  safety,  although  mathematical 


=  . 


Neutral  plans'^ 


_5/Ee/-^^L__ 


Fig   26  accuracy  to  a  degree  of  nicety  for  all  conditions  of  shear  is  somewhat  lacking. 

Like  other  designing  formulas,  experiments,  theory,  general  practice  and 
application  have  been  given  individual  consideration  in  the  determination  of  values  and 
assumptions  so  as  to  avoid  unnecessary  compUcations  and  insure  simplicity. 

34.  Web  Reinforcement. 

34a.  Action  of  Web  Reinforcement. — One  of  the  most  important  and  vital  con- 
siderations in  the  design  of  rectangular  or  T-beam  sections,  consists  in  providing  effective  web 
reinforcement  to  resist  diagonal  tension. 

The  analytical  treatment  of  diagonal  tension  in  homogeneous  beams  is  much  less  complex 
than  in  a  composite  structure.  Owing  to  the  complex  nature  of  web  stresses,  and  particularly 
diagonal  tensile  stresses,  recourse  is  had  to  a  more  simplified  or  convenient  method  of  stress 
determination,  by  assuming  a  vertical  plane  as  a  means  of  measuring  the  intensity  of  diagonal 
tension  at  any  section  of  a  member.  This  assumption  reduces  analytical  treatment  to  its  sim- 
plest form  and  hence  its  adoption  is  universal.  A  member  subjected  to  the  action  of  external 
forces,  develops  diagonal  tension  as  a  result  of  flexural  action.  After  the  concrete  has  reached 
its  limit  of  resistance  to  diagonal  tension,  failure  will  inevitably  occur  unless  vertical  stirrups  or 
bars  bent  up  at  approximately  45  deg.  are  introduced  in  the  proper  proportion  and  at  intervals 
sufficient  to  develop  their  purpose.  Unlike  other  formulas  recommended  for  the  designing  of 
concrete  members,  the  mere  fact  that  the  concrete  must  develop  diagonal  tension  at  the  initial 
loading  before  the  stirrups  or  bent  rods  have  any  material  value,  introduces  an  element  in  design 
heretofore  entirely  neglected  in  assumptions.  The  deformations  in  the  concrete  must  first 
take  place,  which  permits  of  little  stress  to  be  taken  by  the  stirrups  or  bent  rods. 

Due  to  the  many  compUcations  that  arise  from  stresses  produced  by  diagonal  tension,  which 
is  measured  in  terms  of  shearing  stress  on  a  vertical  plane,  a  complete  analysis  of  the  action  of 
web  reinforcement  does  not  seem  feasible,  therefore  more  or  less  empirical  formulas  and  methods 
have  been  adopted  in  general  practice. 

What  is  commonly  termed  "shear"  is  greatest  at  the  support  and  is  equal  to  the  upward 
reaction  or  J^  the  total  load  of  the  member,  when  uniformly  loaded.  This  may  be  termed  the 
critical  section,  though  many  experiments  have  demonstrated  conclusively  that  failure  from 
diagonal  tension  does  not  occur  immediately  at  the  support.  The  appearance  of  failure  in  the 
vicinity  of  the  support  and  not  directly  at  this  point,  in  all  probability  is  caused  in  part  by  the 
presence  of  vertical  compressive  stresses  arising  from  the  reaction  of  the  support,  wliich  must  be 
resisted,  and  no  doubt  serve  to  diminish  or  neutralize,  to  some  extent,  the  principal  stresses. 
Fig.  27  illustrates  in  a  general  way  the  conditions  developed  by  diagonal  tension.     The  cracks 
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are  more  pronounced  and  inclined  near  points  of  support,  and  originate  on  the  tension  side  of 
the  beam.  The  function  of  the  stirrups  or  bent  rods  is  simply  to  prevent  this  condition  and 
render  the  structure  a  more  consistent  unit  of  strength. 

In  simple  beams  it  will  be  found  most  advantageous  to  have  a  low  bond  stress  in  the  straight 
longitudinal  bars  at  the  ends  extending  into  the  supports,  or  else  hooks  should  be  provided  to 
give  efficient  anchorage  and  thus  obviate  any  chance  of  shpping  or  failure  from  this  source. 

The  ends  of  all  stirrup  prongs  extending  into  the  upper  face  of  beams  should  be  given 
adequate  anchorage,  so  they  may  fully  develop  the  calculated  tensile  value. 

In  designing  web  members  for  any  structure,  the  intimate  relationship  that  should  exist 
between  theory  and  application  should  be  constantly  borne  in  mind.  The  form  of  the  stirrup, 
and  the  logical  means  of  holding  the  stirrups  intact  during  the  severe  stages  of  disruption  prior 


Mik 


J L 


T 


Fig.  27. 


Fig.  2S. 


Fig.  29. 


to  and  during  concreting,  should  be  given  inseparable  consideration.     Such  considerations  are 
as  vital  to  the  construction  as  the  knowledge  of  knowing  how  to  proportion  the  design. 

It  has  been  shown  by  experiments  that  the  combination  of  bent  rods  and  stirrups  gives  the 
best  results.  It  is  good  design  to  permit  the  stirrups  to  develop  the  required  resistance  to 
diagonal  tension  and  allow  the  bent-up  rods  to  act  only  as  an  additional  safety  factor,  in  reduc- 
ing further  the  opportunity  for  failure.  The  spacing  of  stirrups  has  a  decided  influence  on  the 
function  they  are  to  perform.  Referring  to  Fig.  28,  it  is  reasonable  to  believe  that  since  diagonal 
tension  at  critical  sections  occurs  approximately  at  45  deg.  with  the  horizontal,  stirrups  should 
be  spaced  at  such  intervals  as  to  effectually  counteract  this  tendency.  Experiments  show  that 
a  spacing  greater  than  one-half  the  depth  of  the  member  has  httle  or  no  value. 

In  considering  the  use  of  bent-up  rods  in  conjunction  with  stirrups  to  resist  diagonal 
tension,  it  will  be  well  to  note  the  hmitations  and  difficulties  in  the  arrangement  of  reinforcement 
that  may  arise.  The  case  of  a  simple  beam,  or  the  end  of  a  semi-continuous  member  bearing 
in  a  wall,  exterior  column  or  spandrel,  offers  a  condition  most  favorable  to  the  use  of  stirrups  and 
bent  rods  in  combination  (Fig.  29).  In  any  event,  one  or  more  rods  should  be  bent  up  into  the 
top  of  the  beam  as  shown,  to  prevent  the  appearance 
of  cracks  where  tensile  stress  occurs  due  to  deflection 
of  the  member  and  the  restrained  nature  of  bearing. 
The  resisting  moment  will  necessarily  control  the  num- 
ber and  location  of  bends.  The  straight  rods  remain- 
ing in  the  bottom  must  also  provide  sufficient  bond 
stress. 

The  difficulties  in  the  case  of  continuous  beams  in  this  connection  are  numerous,  demanding 
the  closest  study  to  obtain  an  arrangement  that  will  fulfil  the  manifold  requirements  of  design  at 
this  particular  location,  where  the  many  important  opposing  stresses  will  not  permit  of  neglect- 
ing one  feature  of  design  for  the  accomphshment  of  another.  To  illustrate,  refer  to  Fig.  30. 
Should  it  be  assumed  that  bent  rods  are  to  be  distributed  in  the  ends  of  continuous  members 
as  shown,  it  is  at  once  evident  to  the  experienced  designer  that  compUcations  naturally  arise  if 
consideration  is  entertained  for  the  erector  and  the  economic  features  of  practical  design.  First, 
the  design  will  probably  require  the  same  steel  area  As  for  the  positive  and  negative  moments, 
the  negative  stress  varying  from  a  maximum  at  the  center  of  bearing,  to  zero  at  the  point  of 
inflection.  This  condition  of  negative  stress  demands  a  decreasing  steel  area  proportionate 
with  the  negative  moment  at  the  various  points,  which  fact  will  preclude  the  bending  up  of 
rods  a  and  h  at  points  too  near  the  bearing.  Additional  rod  units  similar  to  c  and  d  must  be 
introduced  to  resist  the  diagonal  tension,  the  ends  of  which  should  either  be  anchored  by  means 
of  hooks  or  else  the  lower  ends  must  be  bent  horizontal  to  lap  the  straight  rods  in  the  bottom. 


Fig.  30. 


132 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  2-34b 


Fig.  31. 


During  erection,  if  spiral  columns  are  employed,  the  use  of  additional  rod  units  c  and  d  will 
present  great  annoyance,  for  the  rods  must  either  be  worked  through  the  interval  between 
spirals  or  the  upper  end  of  spiral  unit  must  be  forced  down  to  allow  adequate  clearance  between 
the  two  layers  of  rods.  And  finally  the  rods  must  be  placed,  spaced  and  held  in  their  respective 
positions.  The  question  of  suitable  stirrups  and  bent  rods  to  resist  diagonal  tension  neces- 
sarily resolves  itself  into  the  intelligent  selection  of  units  that  can  be  installed  with  accuracy 

and  speed,  in  order  that  the  intention  of  the  design  may 
not  be  entirely  defeated  at  the  beginning  of  operations. 

Fig.  31  shows  the  forms  of  stirrups  mostly  used  in 
the  average  design.  Types  d  and  e  are  open  to  objection, 
for  the  reason  they  are  most  difficult  to  install  in  the  case 
of  continuous  beams  where  top  and  bottom  steel  are 
required. 

346.  Practical  Consideration  in  Arrange- 
ment of  Web  Members. — In  all  structures  for  practical 
purposes,  stirrups  or  bent  rods  should  be  used,  whether  or 
not  theoretical  calculations  dictate  their  use.  The  exclu- 
sive use  of  bent  rods  to  resist  diagonal  tension  in  con- 
tinuous beams  subjected  to  concentrated  loads,  and  even 
for  uniform  loads,  occasions  many  difficulties  for  the 
designer  to  solve,  and  when  solutions  are  found  merelj-- 
from  the  standpoint  of  theory,  the  erector  in  the  field  has 
the  option  to  execute  the  design  as  a  whole  or  in  part, 
depending  entirely  upon  the  character  of  supervision.  The  most  effective  way  to  avoid 
improper  execution  is  to  have  constantly  in  mind  the  field  superintendent  or  foreman's  point  of 
view,  and  adopt  the  design  with  common-sense  inteUigence,  so  that  it  can  be  carried  out  with 
the  greatest  degree  of  accuracy. 

The  most  predominant  disregard  of  accuracy,  during  the  erection  of  the  average  reinforced 
concrete  structure,  is  exercised  in  the  placing  of  loose  stirrups.  There  are  many  contributing 
causes.  Foremost  among  them  is  the  case  in  which  the  stirrups,  having  been  placed  and  spaced 
with  the  average  due  care,  are  given  the  responsibiUty  of  remaining  erect  and  spaced  without 
any  tangible  tie,  one  with  the  other,  to  prevent  subsequent  displacement  during  concreting 
operations.  A  small  rod  M  in.  or  %  in.  in  size,  as  illustrated  in  Fig.  31,  type  (a),  extending 
from  one  stirrup  to  the  other  for  the  full  length  of  member  and  tied  to  each  hook  by  means  of 
small  wires,  will  obviate  to  a  considerable  extent  the  tendency  of  the  stirrups  to  become 
disarranged. 

There  is  certainly  little  consistency  in  design  and  practical  execution  when  stirrups  are 
shown  spaced  at  2,  3,  4,  5,  or  6-in.  intervals  and  then,  through  the  fault  of  construction  methods 
specified,  permit  of  a  wide  variation  from  this  spacing.  In  this  event,  theoretical  design  in 
locating  the  stirrups  is  simply  a  matter  of  form  and  useless  endeavor. 

34c.  Design  of  Web  Reinforcement. — The  variation  in  shear  along  the  length 
of  a  uniformly  loaded  beam  is  shown  in  Fig.  32(a).  The  following  simple  graphical  method 
may  be  used  for  determining  the  stresses  and  spacing  of  stirrups: 

Let  V,  the  total  unit  shearing  stress,  denote  the  height  of  triangle  in  Fig.  32(a),  vi  the  unit  shearing  stress  to  be 
taken  by  the  concrete,  and  v-vi  the  remaining  shear  to  be  taken  by  the  steel.  Also  let  xi  denote  the  distance  in 
feet  from  the  support  to  the  point  beyond  which  no  stirrups  are  required. 

Now  the  total  unit  shearing  stress  is 


bjd 


or,  substituting  ^  as  the  average  value  of  j, 


biVad) 
The  distance  in  feet  from  the  support  to  the'point  beyond  which  no  stirrups  are  needed  is 

(v  —  vi)l 


(1) 


(2) 


(3) 
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In  Fig.  32(n),  the  total  shear  to  be  taken  by  all  stirrups  in  one  end  of  a  beam  is  indicated  by  the  triangle  with  the 
height  V  —  VI  and  base  x\  and  is  equal  to 

F.  =  ^''-:''^^'(12)  .    (4) 


The  diameter  of  a  stirrup  without  any  prong  or  hook  should  not  exceed 


The  minimum  spacing  of  stirrups  at  the  support  will  be 


A«/, 


(v  —  vi)b 


(5) 


(6) 


Referring  to  Fig.  32(6),  stirrups  can  be  spaced  by  dividing  the  triangle  with  base  xi  and  height  v-vi,  into  as  many 
equal  parts  as  there  are  stirrups  required,  such  that  no  spacing  will  exceed  x.  The  center  of  gravity  of  each  sub- 
division will  denote  the  location  of  stirrups,  assuming  the  same  size  stirrup  unit  throughout.  Equal  areas  can  be 
easily  obtained  as  shown,  by  projecting  the  points  from  the  semi-circle  with  diameter  equal  to  xi. 

In  the  average  designs  of  beams,  J^-in.  stirrups  with  hooked  ends  are  used  for  beams  from  10 
to  25  in.  deep,  ^^-in.  stirrups  for  beams  25  to  40  in.  deep  and  H-in.  stirrups  for  beams  40  to 
60  in.  deep.     The  size  of  stirrup  will,  of  course,  depend 
on  the  unit  stress  fs  assumed  and  the  spacing.  XTT 

In  the  design  of  stirrups,  various  unit  stresses  are 
used  in  the  steel  ranging  from   10,000  to  18,000  lb.  per 


.  i>iM,=iMisiM7>-^»'i<— )  y        j' 
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Fia.  33. 


sq.  in.  A  high  unit  stress  is  not  recommended,  when  considering  the  function  which  stirrups 
must  perform  in  a  rigid  member.  The  higher  the  stress,  the  more  the  elongation  when  the 
member  is  subjected  to  heavy  loads,  and  the  better  should  be  the  anchorage  to  prevent  any 
possibiUty  of  shpping.  A  imit  stress  for  steel  stirrups  of  10,000  to  12,000  lb.  per  sq.  in.  would 
be  more  consistent  with  good  practice. 

Illustrative  Problem. — A  simply  supported  beam  10  X  22  in.  has  a  total  uniform  load  of  2000  lb.  per  lin.  ft. 
The  span  is  20  ft.     The  tension  reinforcement  is  2  in.  from  the  bottom.     Find  the  web  reinforcement  to  resist 
diagonal  tension,  using  vertical  U-stirrups,  when  the  allowable  fs  =  12,000  lb.  and  in  =  40  lb.      Maximum  bond 
stress  allowed  u  =  80  lb.  per  sq.  in. 
Substituting  in  (2) 

(10) (2000)  20,000        ,,,  „^ 

"  =  (10)  (7/8)  (20)   =  -ItT  =  "^  '^-  P"""  "'I-  "^- 
Substituting  in  (3) 


(10)  (7/8)  (20) 

(114  -  40)  (20) 


6.49  ft. 


(2)(114) 

The  total  shear  denoted  by  triangle.  Fig.  33(a),  with  height  v-vi  =  74  and  base  xi  =  6.49  ft.,  will  be 

...         (114  -  40)  (10)  (6.49), 


2 


'(12)  =  28,810  lb. 
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Assuming  ?^-in.  round  stirrups  the  aroa  Aa  for  the  2  legs  is  (2)  (0.1104)   =  0.2208  sq.  in.     The  value  of  each  stirrup 

=  (0.2208) (12,000)  =  2650  lb.      -^.'.^pr  =  10. S7  stirrups,  or,  say  11  stirrups  required  for  each  end.     The  closest 
zboU 

spacing  required  at  each  end  near  support  will  be 

(0.2208)  (12,000)        „  ^„  . 

Assuming  this  theoretical  value  3.59  in.  as  the  closest  spacing,  and  checking  back  with  diagram  Fig.  33(a),  it  will 
be  found  that  the  total  shear  taken  by  fiist  stirrup  is  equal  to 

^^^^^^(3.59)  (10)   =  2585  1b. 

which  is  practically  the  same  as  the  value  assigned  to  each  stirrup.     The  stirrups  indicated  in  Fig.  33((j)  have 
been  projected  from  equal  areas  in  diagram  Fig.  33(6)  and  spacing  noted  accordingly.     One  additional  stirrup  ia 

d 
used   over  requirements  on  account  of  spacing  being  limited  to  ^  or  10  in. 

The  above  method  of  finding  the  correct  spacing  of  stirrups  for  a  uniformly  loaded  member, 
as  well  as  any  other  proposed  or  suggested  method  not  mentioned,  entails  considerable  work  and 
delay  when  it  is  considered  that  some  buildings  require  a  hundred  or  more  different  designs  of 
beams,  and  consequently  is  objectionable.  In  view  of  practical  circumstances  involving  con- 
ditions that  do  not  justify  the  spacing  of  stirrups  to  the  exact  inch,  the  following  method  will 
give  satisfactory  results  on  the  side  of  safety: 

First  find  the  value  of  v  by  Formula  (2)  and  then  the  distance  xi  beyond  which  stirrups  are  not  needed  by 
Formula  (3).     The  total  shear  Vi  to  be  taken  by  stirrups,  represented  by  the  triangle  of  base  xi  and  height  i^m, 

Vi 
can  then  be  found  by  substituting  in  Formula  (4).     The  total  number  of  stirrups  required  for  Vi  will  be    .    , .     The 

stirrup  spacing  at  the  critical  point  near  bearing  will  be,  assuming  a  given  size  of  stirrup, 

Asfs 

(i)  —  vi)b 

With  the  distance  xi,  total  number  of  stirrups  required,  and  the  minimum  spacing  known,  it  will  be  entirely 
safe  and  consistent  gradually  to  increase  the  spacing  over  the  distance  x\,  from  the  smallest  spacing  to  a  maximum 

d 
of  one-half  the  effective  depth  of  the  beam.     On  account  of  the  minimum  spacing  of  x  it  may  be  necessary  to  add 

one  or  more  stirrups  to  meet  this  limitation. 

Illustrative  Problem. — Assume  the  same  conditions  as  in  the  preceding  problem,  when  v    =  114,  xi=  6.49, 

Vi  =  28,810,  the  total  number  of  stirrups  11,  and  the  minimum  spacing  s  =  3.59  in. 

With  the  above  conditions  known,  the  approximate  spacing  can  be  ascer- 

,,  I  tained  at  once,  or  3  stirrups  at  4  in.,  2  at  5  in.,  2  at  7  in.,  3  at  9  in.,  and  2  at 

5rirrupa  I  .»-.... 

it  10  in.     The   total  of  these  spacings  is  83  in.  or  slightly  more  than  78  in.,  the 

&  value  of  a-i,  which  will  be  satisfactory. 
^  Illustrative  Problem. — Assume  the  same  beam  in  previous  problem  but 

._ -  i=!irio^o' -•  >|^  with  a  concentrated  load  at  the  center  of  40,000  lb.  instead  of  a  uniform  load 

^  ^  ^  ,,^      ,u  totalling  40,000  lb. 
M  iiiiii  iff  ft  [^f  tHi'N  IH  I  The  reaction  at  each  end  will  be  20,000  lb.     The  value  of  v  =  114  lb. 

i"'*"'**"'   ''"'"'"  '"'~'  '  '  '''"<y^'"'"'|  per  sq.    in.    will   be    the  same,  but   the  intensity  of  shear  is  constant  at  all 

1  I  points  between  the  center  and  the  bearing,  hence  x\  =  10.00  ft.  and 

^'*^-  ^^-  7i  =  (114  -  40)  (10)  (10)  (12)   =  88,800  lb. 

The  value  of  one  Js-in.  U-stirrup  at  12,000  was  found  to  be  2650.     Thus  the  number  of  these  stirrups  required 
equally  spaced  from  the  center  to  each  bearing  is 

88,800 


26.50 
Since  I  =  240  in.,  the  stirrup  spacing  required  is 


=  34 


If.  3.... 

This  spacing  is  too  close. 

Assuming  a  Ks-'n.  stirrup,  .1»  will  have  a  value  equal  to 

(0.1503)  (2)  (12,000)   =  3600  1b. 
or  number  required  is 

88.800  ^ 
3600 
240 
The  spacing  will  then  be  -^   =  5  in.   (approx.),  which  is  satisfactory.      Using  a  5-in.  spacing  and  referring  to 

diagram  Fig.  34,  the  stress  in  one  stirrup  will  be  (5) (74) (10)   =  3700  lb.  or  slightly  more  than  the  tensile  value 
assumed  for  each  stirrup. 
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34d.  Bent    Bars    for    Web    Reinforcement. — The    following    simple    graphical 
method  may  be  used  in  important  cases  for  determining  the  stress  or  spacing  of  bent  bars: 

Assume  a  beam  10  X  20  in.,  20-ft.  span,  uniformly  loaded,  with  v  =  100  lb.  The  bent-up  rod  nearest  the 
support  is  assumed  to  be  a  %-in.  round,  and  the  other  bent  rod  a  Ji-in.  round,  both  rods  being  bent  at  45  deg. 
Find  the  stress  in  each  rod.  Assume  m  =  40  lb.  The  following  method  will  make  clear  the  principles  involved: 
Referring  to  Fig.  35(a),  project  the  axis  AB  upon  an  axis  AC  at  45-deg.  inclination  and  lay  off  w  =  100,  in  =  40, 
and  v-vi  =  60.  Then  the  ordinates  between  BC  and  BD  will  represent  the  shearing  stress  v  along  one-half  of  the 
beam.  The  area  between  any  two  ordinates  like  DD'  and  EE'  multiplied  by  the  width  6  of  beam  will  equal  the 
product  of  the  total  average  shear  over  the  length  I',  multiplied  by  the  projection  of  this  length  on  the  inclined  axis 
BC.     In  diagram  Fig.  35(a),  the  stress  taken  by  the  %-in.  rod  will  be 

(5^^)(14.5)(10) 


7540  lb. 


The  area  of  a  J^-in.  round  is  0.60  sq.  in. 

7540       ,„,„„,,_ 

„    „„  =  12,560  lb.  per  sq.  in. 

This  value  is  not  too  high  if  stirrups  are  also  used,  which  in  this  case 
are  neglected.     The  stress  in  the  ?4-in.  rod  will  be 
<44  +  34n 


4^10-0'- 


(44  +  a4\ 
—^ )  (9.5)  (10)   =  3700 


lb. 


3700 
0.44 


8410  lb.  per  sq.  in. 


In  Fig.  35(6).  the  stress  taken  by  the  K-in.  round  will  be 

(°-^^)'-°"'-°'      .„.„0      ,,„„ 

7= =  1  ^i^o  =  7540  lb. 

y/2  1.4142 

or  unit  stress  in  one  %-in.  round  is 
10,660 


S>  = 


(0.60)  (\/2) 


=  12,560  lb.  per  sq.  in. 


35.  Bond  Stress. — The  development  of  proper  bond  stress  between  the  steel  and  the  con- 
crete at  all  points  in  the  design  of  a  member,  should  receive  careful  attention.  For  simple 
beams  with  loads  distributed  as  in  Figs.  36,  37  and  38,  positive  moments  are  developed  which 
begin  immediately  at  the  points  of  supports.  This  at  once  suggests  a  pull  in  the  straight  rods 
at  the  supports;  the  required  intensity  of  which  must  be  developed  through  adhesion  of  the 
concrete  to  the  steel. 

In  the  case  of  continuous  beams,  Fig.  39,  the  straight  rods  of  end  spans  bearing  in  wall, 
spandrel  or  column  should  be  investigated  to  ascertain  the  pull  in  the  rods  at  this  point.  In 
the  case  of  continuous  ends  of  beams  the  character  of  stress  is  compressive,  by  reason  of  canti- 
lever action  at  this  point,  though  the  increment  of  stress  is  of  the  same  sign.     In  the  design 


^fbsfhre  momcnf 


Fia.  37, 


Concentrated  Load  Simofe  Span 
Fig.  38. 


Uniform  Load  Continuous  Spans 
FiQ.  39. 


of  practical  structures  there  are  comparatively  few  designs  executed  in  the  past,  which  have 
given  serious  consideration  to  the  development  of  the  proper  theoretical  bond  stress  for  the 
ends  of  rods  in  the  compressive  side  of  continuous  beams  at  supports.  Yet  comparatively 
few  failures  have  been  recorded  due  to  this  source  of  seeming  weakness. 

If  the  safe  adhesion  or  bond  stress  per  square  inch  of  bar  surface  exceeds  that  prescribed 
by  the  best  practice,  then  the  ends  of  rods  in  the  case  of  pulhng  stress  should  be  hooked  as  in 
Fig.  29.  In  designing  a  member  it  follows  that  the  higher  the  unit  stresses  assigned  to  steel 
in  tension,  the  smaller  will  be  the  rods  or  sectional  area  at  this  critical  point  and  hence  the  sur- 
face of  bars  available  for  adhesion  will  be  reduced.  Deformed  rods  afford  a  suitable  means  of 
;increasing  bond  resistance,  but  in  many  instances  the  resistance  offered  will  not  be  sufficient 
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to  conform  fully  to  requirements  of  design  and  prevent  initial  slip  under  working  conditions. 
It  has  been  noted  thafone  of  the  fundamental  assumptions  in  the  theory  of  design  consists  in 
having  perfect  adhesion  between  the  steel  and  concrete  at  all  points  within  the  elastic  limit  of  the 

steel. 

Theoretical  results  show  that  bond  stress  is  a  simple  function  of  shear  and  varies  with  the 
shear.  Figs.  36,  37,  38  and  39  show  some  of  the  conditions  of  moment  and  shear  for  different 
loadings.  In  Fig.  36  the  value  of  bond  stress  is  zero  at  the  center  and  increases  uniformly 
to  a  maximum  at  the  supports.  In  Fig.  38  the  bond  stress  is  uniform  from  concentrated  load  to 
supports.     Fig.  37  shows  the  same  intensity  of  bond  stress  from  points  of  loading  to  supports. 

In  proportioning  members  to  resist  bond  stress  it  should  be  remembered  that  any  slipping 
of  the  bars  increases  at  once  the  deformation  of  the  concrete  and  hence  emphasizes  the  chance 
of  failure  by  increasing  the  tension  in  the  concrete. 

Referring  to  Fig.  25,  Art.  33,  the  shearing  stress  per  linear  inch  over  a  distance  x  is 

T'  -  T 

X 

But 

Vx  =  (T'  -  T)jd 

or  the  bond  stress  per  linear  inch  is 

T'  -  T  ^  V 
X  jd 

V 
The  bond  stress  per  square  inch  developed  by  the  surface  of  steel  bars  is  ^  divided  by  the  sum 

in  inches  of  all  the  perimeters  of  the  bars  at  a  given  cross  section.     If  So  =  the  sum  of  perimeters 
of  all  bars  in  a  member,  and  u  the  bond  stress  per  square  inch,  then 

V 

i:ojd 

In  other  terms,  the  unit  bond  stress  is  simply  the  reaction  in  pounds  divided  by  the  sum  of 
bar  perimeters  in  inches  multiplied  by  the  lever  arm.  In  the  above  formula,  j  =  J4  may  be 
used  as  the  average  value. 

The  Joint  Committee  recommends  in  case  of  plain  bars  a  unit  bond  stress  between  steel 
and  concrete  equal  to  4%  of  the  compressive  strength  of  concrete  and  5%  in  case  of  deformed 
bars.  For  a  gravel  or  hard  limestone  concrete  with  compressive  value  of  2000  lb.  per  sq.  in., 
the  working  value  of  80  lb.  for  plain  and  100  lb.  for  deformed  bars  are  the  values 
recommended. 

When  the  web  reinforcement  consists  of  a  combination  of  bent  bars  and  stirrups,  tests  of 
freely  supported  rectangular  and  T-beam  sections  indicate  a  greater  reduction  of  bond  stress 
than  in  the  case  of  beams  with  stirrups,  and  beams  with  only  straight  longitudinal  bars.  Judg- 
ing from  the  results  of  tests  it  will  be  conservative  to  assume  a  bond  stress  of  1}'2  times  the  above 
working  values  when  members  are  thoroughly  reinforced  with  stirrups  and  two  or  more  bent 
rods,  bent  at  intervals  not  to  exceed  the  effective  depth  of  the  member  and  preferably  less. 
The  combination  of  bent  bars  and  stirrups  can  be  readily  adapted  at  the  ends  of  simple  beams 
and  end  bearings  of  continuous  beams,  where  all  the  tension  bars  are  not  required  in  the  bottom. 

Illustrative  Problem.— A  simply  supported  beam  with  span  of  18  ft.  requires  a  section  10  in.  wide,  effective 
depth  d  =  18  in.,  and  reinforcement  three  H-in.  rounds  straight  and  two  ?i-in.  rounds  bent,  to  support  a  total 
uniform  load  of  890  lb.  per  lin.  ft.  when  steel  and  concrete  are  of  equal  strength— the  controlling  values  being  /,  - 
16,000,  fe  =  750,  ?z  =  15,  u  =  80,  vi  =  40.     Find  the  bond  stress  in  the  straight  longitudinal  rods. 
The  reaction  is  equal  to 

(890)  (9)   =  8010  lb. 
The  perimeters  of  three  5^-in.  rounds  will  be 

(3)  (1.964)   =  5.982  sq.  in. 
Substituting  in  formula 

=  86  lb.  per  sq.  in. 


Y  8010 


(So)  (7/8)  (d)  (5.892)  (7/8)  (18) 

8010  -,    ,, 
=  51    lb.    per   sq.    m. 

(10)(7/8)(18)  ^ 
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If  the  bent  rods  are  not  considered  to  resist  diagonal  tension,  and  since  in  any  event  stirrups  are  recommended  i 
the  value  u  =  86  lb.  for  plain  or  deformed  bars  is  entirely  conservative. 

In  comparing  rectangular  and  T-beam  sections  it  will  be  found  that  the  investigation  of 
bond  stress  for  the  latter  will  always  be  of  greater  importance  than  in  the  former  case,  for 
the  reason  that  the  required  section  for  rectangular  beams  is  proportioned  for  hmiting  values 
assigned  to/c,  whereas  for  T-beams  the  necessary  section  for  shear  is  of  fundamental  importance. 
Hence  the  shear  in  the  former  case  will  usually  be  much  less  per  square  inch  than  in  the  latter 
case.  Bond  stress  being  a  function  of  shear,  the  member  having  the  greatest  shearing  stress 
should  be  given  especial  attention. 

36.  Spacing  of  Reinforcement  and  Fire  Protection. — The  spacing  of  rods,  particularly  in 
beams,  is  a  matter  of  great  importance  in  the  design  of  concrete  structures.  The  location  of 
beam  and  slab  rods  involves  the  following  considerations: 

1.  The  longitudinal  bars  should  be  spaced  far  enough  apart  to  develop  the  required  adhesion  between  concrete 
and  steel. 

2.  A  clear  space  between  the  bars  should  be  allowed  to  permit  the  larger  aggregates  to  pass  between  and 
around  each  bar. 

3.  A  protective  coating  of  concrete  of  adequate  thickness  should  be  provided  for  all  bars,  to  insure  fireproofness 
in  the  event  of  fire. 

The  bond  stress  determines  the  theoretical  clear  interval  between  beam  bars,  but  under 
no  circumstances  should  this  interval  be  equal  to  or  less  than  the  size  of  aggregate  used.  It 
is  advisable  to  use  a  clear  spacing  of  not  less  than  13^  in.  in  any  case  as  the  larger  sizes  of  gravel 
and  limestone  aggregate  will  range  from  %  to  134  in.  It  is  good  practice  to  use  a  clear 
spacing  of  1 3^  to  3  times  the  diameter  of  bar  used  in  the  design,  provided  this  spacing  is  not  less 
than  13''2  in.  The  clear  spacing  between  the  two  layers  of  bars  likewise  should  not  be  less  than 
\}'-2  in.  for  practical  reasons  mentioned. 

Concrete  is  incombustible  and  has  a  low  rate  of  heat  conductivity  which  makes  the  material 
highly  efficient  for  fireproofing  purposes.  The  fire-resisting  properties  of  concrete,  however, 
are  of  Httle  avail  if  the  reinforcement  is  permitted  to  approach  too  near  the  exposed  surfaces. 
The  thickness  of  protective  coating  for  ordinary  purposes  of  design  should  be  the  greatest  in 
the  case  of  beams  and  girders  which  are  in  the  event  of  fire,  subjected  to  the  most  intense  heat. 
Slabs  or  flat  surfaces  require  less  protection  for  the  steel  for  obvious  reasons. 

It  appears  from  past  practice  and  fire  tests,  that  a  minimum  protection  of  2  in.  for  the 
steel  in  beams  and  girders,  and  1  in.  for  the  steel  in  slabs,  are  conservative  allowances. 

Another  form  of  abuse  practiced  in  the  construction  of  fireproof  buildings,  in  the  majority 
of  buildings  constructed,  is  the  total  lack  of  proper  care  taken  in  the  supporting  and  spacing 
of  individual  bars  in  beams  and  slabs.  It  is  an  illogical  procedure  to  specify  a  certain  spacing  of 
bars  and  a  minimum  protective  coating,  and  then  expect  the  erector  to  execute  the  plans  and 
details,  without  some  specified  means  of  accomplishing  this  purpose.  It  is  hardly  possible  to 
maintain  a  given  spacing  for  bars  or  to  support  the  bars  the  required  distance  from  the  falsework 
without  the  use  of  some  definite  device  made  for  the  purpose.  Formulas  and  details  may  be 
developed  to  a  nicety  but  if  the  practical  means  of  accompUshing  the  design  are  neglected, 
it  is  simply  an  invitation  for  poor  workmanship,  lax  methods,  and  inefficient  execution.  As  a 
consequence  the  advantages  of  correct  design  are  overcome  and  the  strength  of  the  structure 
is  impaired  by  materially  reducing  the  factor  of  safety. 

Rods  in  beams  bunched  together  cannot  possibly  give  the  proper  resistance  to  bond  stress, 
and  result  in  a  source  of  weakness  highly  undesirable.  If  some  mechanical  device  or  devices 
could  be  generally  employed  by  engineers,  that  would  serve  the  purpose  of  minimizing  the 
occurrence  of  improper  workmanship,  somewhat  higher  working  stresses  than  now  assumed 
could  be  consistently  used  with  a  greater  degree  of  satisfaction. 

37.  Rectangular  Beams  Reinforced  for  Tension  and  Compression. — It  is  more  economical 
to  use  rectangular  beams  without  top  reinforcement  if  the  limitations  of  design  will  permit. 
Only  in  isolated  eases  does  it  become  necessary  to  use  beams  of  this  character.  Beams  enclosing 
elevator  openings,  stair  wells,  or  those  deprived  of  T  action  with  limited  depth,  by  reason  of 
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openings  at  the  section  of  greatest  moment,  sometimes  require  reinforcement  in  the  top  as  well 
as  in  the  bottom,  to  give  equal  tensile  and  compressive  resistance. 

The  action  in  the  top  of  a  beam  reinforced  for  compression  may  be  compared  with  that  of 
a  column.  In  the  latter  case  the  rods  under  stress  are  prevented  from  failure  along  the  line  of 
least  resistance  by  the  use  of-  bands  or  hooping  spaced  at  the  proper  intervals.  The  longitudinal 
rods  of  the  column  are  placed  in  the  corners  or  where  the  bands  change  direction  and  not  at 
intermediate  points  where  bending  would  be  produced  in  the  length  of  the  band. 

The  same  reasoning  may  be  applied  to  that  of  compressive  reinforcement  in  beams.  Where 
only  two  rods  are  used,  inverted  U-stirrups  will  prove  most  effective  in  anchoring  the  rods 
into  the  body  of  the  member,  as  shown  in  Fig.  40.  Where  three  or  more  rods  are  required,  this 
form  of  stirrup  cannot  be  entirely  efTective,  due  to  the  fact  that  bending  moment  is  produced 
in  the  straight  portion  of  stirrup  when  the  intermediate  rods  are  in  compression.  A  form  of 
stirrup  shown  in  Fig.  41  would  no  doubt  give  greater  resistance  to  compressive  stress,  though 
the  efTective  distance  between  the  top  and  bottom  steel  will  be  slightly  lessened.  In  important 
members  spiral  reinforcement  has  often  been  used  in  connection  with  compressive  reinforcement 
with  the  most  satisfactory  results,  Fig.  42. 
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Fig.  41.        Fig.  42. 


Stress  Diagram 
Fig.  43. 


The  same  fundamental  principles  given  for  beams  reinforced  for  tension  only  apply  to 
double  reinforced  beams.  The  tension  in  the  concrete  is  neglected  and  the  compression  in  the 
concrete  is  assumed  to  follow  the  linear  law  of  variation.  Hence  the  formulas  apply  to  working 
conditions  only. 

Let  v'  =  ratio  of  cross  section  of  steel  in  compression  to  cross  section  of  beam  above  the  tensile  steel  =  1-5 • 

/'s  =  compressive  unit  stress  in  steel. 
Other  notations  are  given  in  Fig.  43. 
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The  formulas  given  for  rectangular  beams  reinforced  for  tension  only,  which  determine  the 
shear  v,  bond  stress  u,  and  web  reinforcement,  are  the  same  for  double  reinforced  beams.  In 
finding  these  values  j  may  be  assumed  to  have  an  average  value  of  0.85. 
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37o.  Formulas  for  Determining  Percentages  of  Steel  in  Double  Reinforced 
Rectangular  Beams.^ — For  any  given  values  of /c  and  f.,,  k  has  identically  the  same  value,  irre- 
spective of  shape  or  type  of  member.  The  formulas  given  below  are  based  on  this  fundamental 
fact.     The  value  of  k  for  all  beams  is  expressed  by  the  formula 

1 

nfc 
If  the  extreme  fiber  stresses  are  not  changed  by  the  addition  of  steel  to  the  section,  it  follows 
that  the  added  tensile  and  compressive  steel  must  form  a  balanced  couple,  with  unit  stresses 
conforming  to  the  stresses  already  in  the  section. 

Let    pi  =  steel  ratio  for  the  beam  without  compressive  steel. 

7J2  =  steel  ratio  for  the  added  tensional  steel. 

P  =  Pi  +  P2. 

p'  =  steel  ratio  for  compressive  steel. 
Ml  =  moment  of  the  beam  without  compressive  steel, 
il/a  =  moment  of  the  added  steel  couple 

M  =  Ml  +  M2. 


Then 


(1) 


(2) 


■  +  & 

pi 

fck 
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Ml 

=  /.pi(l  -|)W^ 

Mi 

=  M  -  Ml 

A/2 

/,(■  -  ^,)M. 

P 

=    PI    +    P2 

v' 

1  -  k 

=    P2                  ,, 
k    -- 

(3) 
(4) 

(5) 

(6) 
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Illustrative  Problem. — In  a  double  reinforced  beam  the  bending  moment  is  950,000  in. -lb.     Practical  con- 
ditions limit  the  size  of  the  beam  to  6  =  14  in.  and  d  =  20  in.     Find  the  required  steel  percentages  for  tension 

d'        2 
and    compression,     "j  =  20  '^  ^•■"^-     -^'■°™    Table    Z,    k  =  0.385,    pi  =  0.008.     A'  =  125.74,   when  /,  =  18,000, 

fc  =  750  and  n  =  15. 

Ml  =  (18,000) (0.008) ("l  -  ^^^Vl4)(20)2  =  703,000  in.-lb. 

or.  Ml  may  be  obtained  from  formula  Mi  =  Kbd^ 

Ml  =  950,000  -  703,000  =  247,000  in.-lb. 

^-  "  18,000(1  -  0.10)(14)(20)2'"  0-00272 
V  =  0.008  +  0.00272  =  0.01072 

;/  =  (0.00272)  {^^^"1^,)   =  0.00587 

Steel  for  compresson  A'  =  (0.00.587)  (14)  (20)   =  1.644  sq.  in. 

Steel  for  tension  As  =  (0.01072)  (14)  (20)   =  3.002  sq.  in. 

For  all  practical  purposes  this  problem  can  be  solved  by  the  following  simple  method  of  reasoning: 
1.    To  Find  the  Area  As. — The  centroid  of  compressive  area  of  the  concrete  from  the  top  of  the  beam  is 

kd        (0.385)  (20) 


3  3 

Hence,  if  d'  =  2  in.,  the  average  lever  arm  is 


2.57  in. 


(2  +  2  57) 
20  -  ^         2  "  ^"^"^^  '"■ 

,  950,0()0 

'^^  =  07771)  (18,000)   =  3-00  ^'l-  '"• 
2.    To  Find  the  Area  Required  for  Compressive  Steel. — The  concrete  in  compression  alone  will  sustain  a  moment  of 

Ml  =  Kbd^  =  703,000  in.-lb 

1  Taken  from  thesis  by  Robert  S.  Beard  submitted  to  University  of  Kansas  in  partial  fulfillment  of  the  require- 
ments for  the  Master's  Degree. 
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The  steel  for  compression  must  take  the  difference,  or 

950.000  -  703,000  =  247,000  in.-lb. 
kd  =  (0.385)  (20)  =  7.70  in. 
The  e.xtrenie  fiber  stress  in  the  concrete  is  750.     At  2  in.  from  the  top  the  compressive  stress  is 

750  -  (^)  (2)  =  554  lb.  per  sq.  in. 

247,000 
Hence  A    =  -^^^^^-^^^^  =  1.6o  sq.  m. 

The  analysis  of  the  above  problem  illustrates  that  almost  identical  results  may  be  obtained  through  simple  reason- 
ing and  is  done  to  show  the  value  of  adopting,  when  possible,  methods  of  calculation  which  can  be  more  thoroughly 
comprehended,  and  which  may  further  elucidate  the  principles  involved  in  the  derivation  of  formulas. 

38.  Moments  Assumed  in  the  Design  of  Beams  and  Slabs. — The  Joint  Committee  recom- 
mends the  following  rules  for  computing  the  positive  and  negative  moments  in  beams  and  slabs 
with  uniformly  distributed  loads,  under  the  several  conditions  outlined  graphically*. 


One  Span 


Two  Equol  Spans 


More  Than  Two  Equol  Spans 


Fig.  43A. 


1.  Slightiy  Restrained  Beams  and  Slabs  of  Equal  Spans. — Beams  and  slabs  of  equal  spans  built  to  act  integrally 
with  beams,  girders  or  other  slightly  restraining  supports  and  carrying  uniformly  distributed  loads  shall  be  designed 
for  the  following  moments  at  critical  sections. 

2.  Restrained  Beams  and  Slabs  of  Equal  Spajis. — Beams  and  slabs  of  equal  spans  built  to  act  integrally  with 
columns,  walls,  or  other  restraining  supports  and  assumed  to  carry  uniformly  distributed  loads  shall  be  designed 
for  the  following  moments  at  critical  sections: 


One  Span 


*  7T  lb  ;«  ♦  SS 


Two  Equal  Spans 


*7?  Ti  16  */=J 

More  Than  Two  Equal  Spans 


Fig.  43B. 


(a)   For  end  spans  of  continuous  beams,  and  beams  of  one  span,  in  which  r  is  less  than  twice  the  sum  of  the 


values  of  i  for  the  exterior  columns  above  and  below  which  are  built  into  the  beams: 

A 


(6)   For  end  span  of  continuous  beams,  and  beams  of  one  span,  in  which  j  is  equal  to  or  greater  than  twice 


One  Span 


'  lO  10 

Two  Equal  Spans 


More  Than  Two  Equal  Spans 


Fig.  43C. 


When  considering  moment  problems  involving  continuous  beams  of  unequal  spans  or  with 
non-uniform  loading,  the  Joint  Committee  recommends  that 

Continuous  beams  with  unequal  spans,  or  with  other  than  uniformly  distributed  loading,  whether  freely  sup- 
ported or  restrained,  shall  be  designed  for  the  actual  moments  under  the  conditions  of  loading  and  restraint. 

And,  further,  that 

Provision  shall  be  made  where  necessary  for  negative  moment  near  the  center  of  short  spans,  which  are  adjacent 
to  long  spans,  and  for  the  negative  moment  at  the  end  supports  if  restrained. 
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39.  Slabs. 

39a.  Slab  Design. — Solid  reinforced  concrete  slabs  are  designed  for  given  loads 
by  using  the  same  formulas  given  for  rectangular  beams.  A  width  of  12  in.  is  usually  employed 
in  proportioning  the  depth  d,  percentage  -p,  etc.  As  a  general  rule  it  is  more  economical  to  use 
balancing  values  for  fc  and  fs.  After  the  point  is  reached  beyond  which  the  extreme  fiber  stress 
in  the  concrete  controls  in  the  design,  it  will  be  determined  that  the  small  increase  in  moment 
derived,  will  not  justify  the  cost  of  additional  steel,  which  is  added  only  for  the  purpose  of  lower- 
ing the  neutral  plane  to  prevent  exceeding  the  maximum  working  value  assigned  to  fc.  Long 
span  slabs  of  solid  concrete  are  not  only  lacking  in  economy,  but  add  to  the  cost  of  supporting 
beams,  girders,  columns  and  footings,  by  reason  of  their  dead  weight,  in  comparison  with  other 
types  of  floors  that  may  be  used.  Floors  consisting  of  concrete  joists  in  combination  with  hollow 
tile,  gypsum  or  metal  domes,  will  give  greater  economy  for  long  spans.  Joist  floors  can  be 
used  for  spans  as  great  as  40  ft.  or  more  if  conditions  demand  such  extremes. 

It  is  good  practice  not  to  exceed  2}^  times  the  effective  depth  of  solid  slabs,  for  the  spacing 
of  carrying  bars. 

For  all  solid  slabs  it  is  advisable  to  use  temperature  rods  J^^  or  ^g  in.  in  size  extending 
perpendicular  to  the  carrying  reinforcement,  to  lessen  the  chance  of  cracks  from  shrinkage  and 
temperature  stresses  as  well  as  to  form  ties  to  which  carrying  bars  can  be  wired  to  preserve  a 
given  spacing.  Roof  slabs  which  are  exposed  to  a  greater  variation  in  temperature  require 
more  attention  in  this  respect  than  floors  which  are  protected  from  the  varying  climatic 
conditions. 

The  investigation  of  shear  in  soUd  slabs  is  seldom  necessary,  except  in  the  case  of  heavy 
concentrated  loads,  or  loads  that  may  eifect  the  section  beyond  safe  working  assumptions. 

396.  Negative  Reinforcement  in  Continuous  Slabs. — Continuous  slabs  should 
always  be  provided  with  sufficient  steel  extending  over  the  supports  to  take  negative  moment. 
Even  in  short  spans,  unsightly  cracks  in  tile  or  composition  floors,  so  often  seen  in  buildings, 
will  be  obviated  by  permitting  part  of  the  steel  to  be  bent  up  into  the  top  of  slab  over  supports, 
thereby  preventing  cracks  when  the  adjacent  panels  deflect. 

It  is  customary  practice  to  bend  up  one-half  the  bars  from  each  opposite  panel,  at  approxi- 
mately the  one-fourth  point,  which  gives  a  steel  section  for  negative  moment  equal  to  that  of  the 
positive  moment  requirements  at  the  center  of  panel.  Negative  reinforcement  should  extend 
to  the  one-third  or  one-fourth  point  depending  on  the  length  of  spans  and  the  Uve  loads  to  be 
supported.  The  point  to  which  steel  for  negative  moment  should  extend,  will  depend  princi- 
pally on  the  intensity  of  live  load.  The  dead  load  is  fixed,  but  the  live  load  is  a  varying  quantity 
as  to  intensity  and  position  in  important  structures.  The  greater  the  live  load  the  greater  will 
be  the  tendency  for  the  negative  moment  to  approach  the  center  of  spans  under  the  worst 
condition  of  loading. 

39c.  Two-way  Reinforced  Slabs  Supported  Along  Four  Sides. — A  series  of 
panels  reinforced  in  two  directions  at  right  angles  and  supported  along  four  bearings  should  be 
made  continuous  over  supports.  In  oblong  panels  the  greatest  length  should  not  exceed  IJ^ 
times  the  least  width.  As  a  panel  becomes  oblong  the  proportion  of  load  carried  by  the  longer 
span  becomes  rapidly  less. 

Let  r  =  proportion  of  total  load  carried  by  shorter  span. 
I  =  length  of  longer  span  in  feet. 
h  =  breadth  of  panel  or  shorter  span  in  feet. 
Then 

r  =  {  -  0.50 

0 

For  different  ratios  of  t  the  values  for  r  are  as  given  in  the  accompanying 

table.     When  a  floor  panel  is  square  and  uniformly  loaded,  one-half  the 
dead  and  Uve  loads  are  resisted  by  the  moments  in  each  direction. 

The  Joint  Committee  recommends  that  in  placing  reinforcement  in  such  slabs,  account 
may  well  be  taken  of  the  fact  that  the  bending  moment  is  greater  near  the  center  of  the  slab 


l/b 

r 

1.00 
1.10 
1.20 
1.30 
1.40 
1.50 

0.50 
0.60 
0.70 
0.80 
0.90 
1.00 
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than  near  the  edges.     For  this  purpose  two-thirds  of  the  previously  calculated  moments  may  be 
assumed  as  carried  by  the  center  half  of  the  slab  and  one-third  by  the  outside  quarters. 

The  distribution  of  loads  to  beams  along  the  four  edges  of  such  slabs  are  often  assumed 
incorrectly  by  proportioning  the  members  for  uniformly  distributed  loads.  For  more  exact 
calculations  the  distriliution  of  load  may  be  expected  to  vary  in  accordance  with  the  ordinates 
of  a  parabola,  but  for  practical  purposes  it  may  be  just  as  well  to  avoid  unnecessary  loss  of  time 
and  assume  this  variation  to  be  represented  by  a  triangle,  although  the  moment  resulting  from 
the  former  assumption  will  be  less  than  in  the  latter  case. 

For  practical  purposes  floor  panels  reinforced  in  two  directions  cannot  well  be  termed 
economical  in  competition  with  other  forms  of  panel  construction. 

40.  T-Beams. 

40a.  T-Beams  in  Floor  Construction. — In  floor  construction  T-beams  are  by  far 
the  most  generally  used  form  of  supporting  member.  The  term  T-beam  expresses  its  shape. 
In  calculating  the  strength  of  T-beams,  advantage  is  taken  of  the  floor  slab,  which  in  good 
design  must  act  as  the  compression  flange  of  the  member,  the  same  as  the  upper  flange  of  a  steel 
I-beam  must  act  when  subjected  to  bending.  To  properly  perform  its  function,  a  T-beam  must 
be  poured  simultaneously  with  the  floor  slab  and  the  stem  and  flange  securely  tied  together  by 
means  of  bent  rods,  stirrups  and  cross  reinforcement  from  the  slab.  Even  with  the  presence 
of  stirrups  and  bent  rods,  horizontal  planes  made  during  construction  are  most  undesirable. 
The  slab  should  be  an  integral  part  of  the  beam. 

In  important  members  of  long  spans,  or  short  spans  designed  for  heavy  loads,  a  thin  slab 
should  be  thoroughly  investigated  and  mechanicaUy  bonded  to  the  steam  by  means  of  stirrups 
along  the  center  portion  between  bearings,  as  well  as  near  the  supports  where  the  stin-ups  are 
designed  primarily  to  resist  diagonal  tension  for  uniform  loading.  In  special  beams  with  thin 
flanges  a  small  fillet  or  bevel  at  45  deg.  connecting  the  stem  to  the  flange  wiU  prove  effective 
in  giving  added  strength.  In  very  long  spans  other  methods  must  be  employed  to  give  the 
required  strength  in  compression. 

When  beginning  the  design  of  a  T-beam,  the  thickness  of  the  flange  is  fixed  by  the  depth  of 
slab,  but  the  distance  to  either  side  of  stem  over  which  compression  may  be  assumed  to  act  is 
arbitrarily  selected  from  the  results  of  tests,  which  have  estabUshed  within  safe  limits  the 
assumptions  to  be  made. 

The  action  of  a  continuous  T-beam  includes  a  comphcation  of  stresses,  which  in  the  main 
should  be  entirely  comprehended  by  the  designer  before  attempting  the  use  of  formulas  for 
practical  application. 

In  comparing  T-beams  with  rectangular  beams,  the  economj^  of  the  former  is  obvious. 

406.  Flange  Width  of  T-Beams. — The  following  rules  are  recommended  by  the 
Joint  Committee  for  determining  the  flange  width: 

1.  Beams  having  flanges  both  sides  of  the  web: 

(a)  It  shall  not  exceed  one-fourth  (J.^)  of  the  span  length  of  the  beam. 

(b)  Its  overhanging  width  on  either  side  of  the  web  shall  not  exceed  eight  (8)  times  the  thickness  of  the  slab, 
nor  one-half  (J-^)  the  clear  distance  to  the  next  beam. 

2.  Beams  having  a  flange  one  side  only: 

(a)  The  efifective  flange  width  to  be  used  in  design  shall  not  exceed  one-tenth  (Ho)  of  the  span  length  of  the 
beam. 

(b)  Its  overhanging  width  from  the  face  of  the  web  shall  not  exceed  six  (6)  times  the  thickness  of  the  slab,  nor 
one-half  (3-2)  the  clear  distance  to  the  next  beam. 

3.  Isolated  T-Beams: 

(o)  When  T-form  is  used  only  for  the  purpose  of  providing  additional  compression  area,  then  the  flange  thick- 
ness shall  not  be  less  than  one-half  (H)  the  width  of  the  web. 

(6)   The  total  flange  width  shaU  not  be  more  than  four  (4)  times  the  web  thickness. 

40c.  Transverse  Reinforcement  of  T-Beams. — The  Joint  Committee  has  well 
stated  this  requirement  as  follows: 

Where  the  principal  slab  reinforcement  is  parallel  to  the  beam,  transverse  reinforcement,  not  less  in  amount 
than  0.3  per  cent  of  the  sectional  area  of  the  slab,  shall  be  provided  in  the  top  of  the  slab  and  shall  extend  across 
the  beam  and  into  the  slab  not  less  than  two-thirds  (?^)  of  the  widtli  of  the  effective  flange  overhang.  Tlio  spacing 
of  the  bars  shall  not  exceed  eighteen  inches  (18"). 
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^Od.  T-Beam  Flexure  Formulas. — In  the  design  of  a  T-beam  it  is  necessary  to 
distinguish  two  cases,  namely,  (1)  the  neutral  axis  in  the  flange  and  (2)  the  neutral  axis  in  the 
web. 

Case  I.  The  Neutral  Axis  in  the  Flange. — All  formulas  for  "moment  calculations"  which 
apply  to' rectangular  beams  apply  to  this  case.  It  should  be  remembered,  however,  that  h  of 
the  formulas  denotes  flange  width,  not  web  width,  and  p  (the 

A  A 

steel  ratio)  is  rj>  not  r/.  (Fig.  44). 

Case  II.  The  Neutral  Axis  in  the  Weh. — The  amount 
of  compression  in  the  web  is  commonly  small  compared  with 
that  in  the  flange  and  in  the  analysis  of  this  case  is  neglected. 
The  formulas  assume  a  straight  line  variation  of  stress 
and  are: 

k  = 


V±A. 


section         Stress  Diagram 
Fig.  44. 
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Approximate  formulas  can  also  be  established.  From  the  stress  diagram  Fig.  44,  it  is 
evident  that  the  arm  of  the  resisting  couple  is  never  as  small  as  d  —  }^  t,  and  that  the  average 
unit  compressive  stress  is  never  as  small  as  }-2  fc,  except  when  the  neutral  axis  is  at  the  top  of 
the  web.     Using  these  limiting  values  as  approximations  for  the  true  ones 
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Ms  =  A,fs(d  -  Mt),  or  As  = 


(W(d  -  yit) 


M_ 

~  A.(d  -  Ht) 
=  H/cbtid  -  HO 
M 


(0 
(d) 


>2W(d  -  h2t) 
The  errors  involved  in  these  approximations  are  on  the  side  of  safety. 

Where  the  web  is  verj'  large  compared  to  the  flange,  formulas  which  take  into  account  the 
jompression  in  the  web  may  be  used. 
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Formula  (1)  gives  the  balancing  ratio  k  when  the  limiting  stresses /s  and/c  are  known.  Formula 
(3)  gives  the  ratio  k  for  any  steel  percentage  when  t  and  d  are  known.  It  will  be  a  simple 
operation  to  find  j  after  z  is  obtained  from  Formula  (4),  if  k  is  known,  otherwise  j  should  be 
obtained  from  Formula  (6). 

For  ordinary  cases  the  tensile  stress  in  the  steel  will  control,  and  hence  Ms  should  be  used 
in  Formula  (10).     In  special  cases  Mc  will  be  the  governing  factor. 

When  ^  =  k,  the  neutral  axis  will  be  at  the  junction  of  web  and  flange  (see  Diagrams  4  and 

6,  Sec.  2-42,  p.  168).     When  k  is  less  than  -i>  Case  /  apphes,  and  when  greater  than  ^>  Case  // 

appUes.  For  any  combination  of  assigned  values  for  /»,  fc  and  n,  it  will  be  useful  to  obtain  the 
"neutral"  ratio  k  from  Formula  (1).  This  value  of  k  being  known,  it  can  at  once  be  determined 
whether  Ms  or  Mc  controls  for  any  other  value  of  k.  In  such  a  case  Ms  will  control  when  any 
other  ratio  k  is  less  than  the  neutral  k,  and  Mc  will  control  when  any  other  k  is  greater  than  the 
neutral  k. 

Calculations  for  T-beams  may  be  greatly  simphfied  by  referring  to  Diagrams  4,  5,  6  and  7, 

p.  168.     With  the  ratios  -,  and  p  known,  the  position  of  the  neutral  axis  can  be  readily  found  in 

Diagrams  4  and  6  and  the  values  of  j  in  Diagrams  5  and  7.  These  diagrams  also  determine  at 
once  whether  Case  I  or  Case  //  applies  for  given  conditions. 

The  approximate  Formula  (a)  will  be  useful  to  find  the  steel  area  As  after  the  moment  is 
found  and  unit  value  for  /»  selected. 

40e.  Shearing  Stresses. — The  determination  of  shearing  stresses  in  T-beams  is 

V 

fundamentally  the  same  as  given  for  rectangular  beams.     In  the  formula  v  =  ^t^'  b'  is  the 

width  of  the  stem.  In  the  ordinary  T-beam  design  the  flange  afi^ords  greater  strength  than  is 
required  to  balance  the  tensile  stress,  hence  the  first  consideration  should  be  to  obtain  a  sectior 
that  will  give  a  sufficient  sectional  area  of  concrete  to  resist  shearing  stresses  and  to  allow  i 
suitable  width  of  stem  for  the  proper  spacing  of  the  longitudinal  reinforcement.  The  stirrup: 
and  bent  rods  should  extend  up  to  within  l}^  or  2  in.  from  the  top  surface,  to  insure  a  thorougl 
mechanical  means  of  bonding  the  slab  and  stem  together.  As  in  the  case  of  rectangular  beams 
approximate  results  for  shear  and  bond  may  be  obtained  by  assuming  _/  =  %. 

40/.  Width  of  Stem  and  Depth. — In  order  for  a  beam  of  T-form  to  transmi 
stress  from  web  to  flange,  the  width  of  stem  in  proportion  to  depth  should  be  chosen  with  care 
It  is  considered  good  design  to  have  a  width  of  web  equal  to  one-third  to  one-half  the  depth  o 
beam.  Large  beams  will  usually  require  a  greater  number  of  tension  rods,  which  will  contro 
the  width  of  stem  to  no  little  extent.  The  depth  of  T-beams  is  often  limited  on  account  o 
head  room  in  buildings  and  frequently  in  extreme  cases  this  depth  may  be  as  httle  as  Ks^h  o 
3'^oth  of  the  span  length.  The  design  of  such  beams  must  be  given  special  consideration,  t< 
develop  rigidity  and  consistency  in  the  strength  of  all  contributing  elements. 

40g.  Design  of  a  Continuous  T-beam  at  the  Supports. — Figs.  45  and  46  illustrat 
the  curve  for  negative  moment,  the  maximum  being  over  the  center  line  of  interior  support 
and  decreases  rather  abruptly  from  this  point.  It  is  readily  seen  that  this  maximum  point  o 
negative  moment  is  reached  when  the  spans  adjacent  are  fully  loaded,  producing  bending  u 
these  members  and  consequently  a  pull  in  the  top  over  the  support.  This  tensile  stress  shoul 
have  a  counter  balancing  resistance  in  the  bottom,  and  hence  the  compression  in  the  bottom  i 
equal  in  intensity  to  the  corresponding  negative  moment  in  the  top.  A  T-beam  becomes 
rectangular  section  at  the  supports  on  account  of  the  reverse  condition  of  bending,  whicl 
changes  from  positive  to  negative  at  the  zero  point  of  inflection  and  varies  in  intensity  to  j 
maximum  at  the  interior  supports.  • 

The  method  of  design  clearly  involves  principles  which  govern  the  design  of  double-rein 
forced  rectangular  sections  with  the  exception  that  the  tensile  and  compressive  stresses  ar 
reversed. 

Negative  moment  at  the  center  line  of  an  interior  support  is  generally  greater  than  th 
corresponding  stress  at  or  near  the  center  of  span  length,  but  with  the  presence  of  large  column 
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or  wide  beams  forming  the  supports,  this  negative  bending  is  reduced  appreciably  at  the  face 
of  bearings,  which  fact  may  be  recognized  in  arriving  at  the  proper  proportion  of  stress  for 
compression. 

By  reason  of  the  general  use  of  formulas  M  =  y^  'ind  M  =  -p^  for  both  maximum  positive 

and  negative  moments  in  continuous  beams,  one-half  the  steel  required  for  positive  stress  from 
each  adjoining  member  is  usually  bent  up  into  the  top  over  supports.  This  practice  may  be  con- 
sidered entirely  applicable  to  the  design  of  practical  structures,  when  the  consecutive  spans  are 
the  same  or  nearly  so,  provided  the  compressive  stress  at  or  near  the  supports  is  proportioned  for 
the  same  maximum  assumed  moment.  When  it  is  found  advisable  to  reduce  the  compressive 
stress,  this  puipose  may  be  accomplished  either  by  adding  a  haunch  to  increase  the  effective 
depth  and  size  of  the  section,  or  by  the  addition  of  compressive  steel  with  effective  anchorage;  or 
by  the  use  of  the  two  methods  in  combination.  For  architectural  reasons,  beam  haunches  are 
often  undesirable  in  hotels,  apartments,  office  buildings  and  such  structures,  and  for  this  reason 
occasion  will  often  arise  when  additional  strength  for  compression  must  be  provided  by  adding 
compressive  steel  or  bj^  increasing  the  width  or  depth  of  the  entire  beam  section  for  the  sake 
of  uniformity. 

The  bending  up  of  steel  bars  at  angles  of  30  to  45  deg.  to  resist  negative  stresses  is  a  question 
of  importance.  The  points  at  which  bends  are  made  should  be  governed  by  the  intensity  of 
positive  moment  at  the  section.  Figs.  45  and  46  show  the  maximum  positive  moment  curve 
for  an  interior  span  when  the  member  in  question  has  its  full  live  load  with  adjacent  members 
not  loaded.  In  this  case,  where  the  specified  five  load  is  275  lb.  per  sq.  ft.,  the  positive  moment 
approaches  the  supports.  Diagram  8  shows  with  sufficient  accuracy,  the  points  at  which  bends 
may  be  made  in  continuous  beams. 

Bond  stress  along  the  horizontal  tension  rods  in  the  top  of  continuous  beams  should  be 

investigated.     Formulas  for  tension  rods  at  the  ends  of  simply  supported  beams   may   be 

employed.     These  rods  should  extend  to  about  the  one-fourth  point  when  small  five  loads  are 

required  and  to  the  one-third  point  for  heavy  five  loads. 

wl- 
To  determine  the  maximum  negative  moment  for  continuous  beams  the  formula  M  =  -j^ 

is  generally  recommended,  but  unfortunately  is  employed  by  many  engineers  more  to  determine 
the  sectional  area  of  steel  in  tension,  than  for  the  purpose  of  ascertaining  a  sufficient  section  for 
compression  at  the  supports.  It  may  be  stated  with  more  or  less  authority  that  the  majority 
of  designers  neglect  entirely  the  compressive  stresses  at  the  interior  supports  of  continuous 
beams,  which  is  a  practice  not  to  be  recognized  as  commensurate  with  good  design. 

41.  Comparing  Accurate  Moment  Distribution  in  Continuous  Beams  with  Ordinary 
Assumptions. — For  the  sake  of  simphcity  in  arriving  at  the  moments  in  beams  and  slabs  of 
reinforced  concrete  structures,  it  is  now  almost  a  universal  practice  to  assume  for  members 

continuous  over  two  supports,  M  =  -^o'  ^"^  for  members  continuous  over  one  support,  or  for 

7,72 
end  spans,  M  =  -j^-     A  practical  illustration  showing  the  relationship  between  the  assumed 

conditions  and  the  more  accurate  theory  for  determining  the  true  moment  distribution  in  con- 
tinuous beams  or  slabs,  should  be  a  question  of  great  significance  to  the  designer.  An  intelligent 
understanding  of  positive  and  negative  bending  are  vital  considerations  in  the  design  of  any 
continuous  member,  particularly  when  subject  to  heavy  five  loads,  which  influence  to  a  marked 
degree  the  point  of  inflection  or  change  from  positive  to  negative  bending. 

In  practice  the  true  theorem  of  continuous  moments  cannot  well  be  apphed  Hterally  on 
account  of  practical  complications  that  result  in  the  arrangement  of  reinforcement,  arising  from 
the  fact  that  the  greatest  positive  moment  in  a  continuous  member  is  usually  much  less  than  the 
greatest  negative  moment.  Literal  adherence  would  require  considerably  more  reinforcement 
over  the  supports  than  would  be  necessary  at  the  center  between  supports.  The  disadvantages 
are  quite  obvious  to  the  engineer  accustomed  to  seeing  his  designs  executed  in  the  field.  Again 
few  building  ordinances,  if  any,  would  permit  of  strict  adherence  to  the  exact  theorem  of 
moments,  due  no  doubt  to  the  variation  in  results  from  those  obtained  by  the  use  of  the  established 
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formulas,  M  =  -rr^  and  -^y     It  may  be  understood  from  these  standard  moment  assumptions 

t  hat  the  general  practice  of  resorting  to  the  use  of  more  complex  methods  of  calculating  moments, 
is  not  desirable  in  the  solution  of  ordinary  problems  of  design.  However,  this  understanding 
should  not  prove  the  medium  for  evading  the  fundamental  principles  of  continuity,  so  essential 
to  the  knowledge  of  the  designer.  A  thorough  understanding  of  continuous  moments  will  not 
only  familiarize  the  engineer  with  the  maximum  moment  conditions  resulting  from  the  most 
unfavorable  position  of  live  loads,  but  will  render  a  more  intelhgent  and  precise  interpretation 
of  the  standard  moment  formulas  established  by  practice. 

Illustrative  Problem. — The  examples  shown  in  Figs.  45  and  46  are  selected  from  a  number  of  beam  calculations 
of  a  large  structure  completed  in  1918.  The  coefficients  given  in  the  accompanying  table  are  by  Winkler  and  give 
the  results  of  computations  for  a  uniformly  distributed  load  in  the  simplest  form,  from  the  ordinates  of  the  maxi- 
mum moment  line  for  continuous  beams.  Beams  JSi  continue  for  a  large  number  of  consecutive  spans.  The 
coefficients  selected  are  for  continuous  beams  of  four  spans.  The  loading  required  for  maximum  live  load  moments, 
Fig.  45,  shows  that  the  maximum  positive  moment  is  obtained  for  interior  spans  by  loading  alternate  spans,  and 
the  maximum  negative  moment  by  loading  the  spans  adjacent  to  the  reaction  in  question.  The  moment  Unes 
are  plotted  from  moment  values  in  table  for  each  point  equal  to  one-tenth  of  the  span.     For  comparative  purposes 

moment  values  for  -rj.  and  -ys  are  given  near  maximum  moment  values  obtained  from  coefficients. 

It  will  be  interesting  to  note  that  for  interior  spans  the  maximum  positive  moment  is  1.098,500  in.-lb.  whereas 

M  =  -r^  =  1,381,000  in.-lb.     Keeping  this  latter  moment  value  in  mind  it  will  be  seen  that  the  maximum  negative 

moment  at  the  first  interior  column  face  is  1,390,000  in.-lb.  and  at  the  second  column,  M  =  1,130,000  in.-lb.,  which 
compares  favorably  with  the  moment  value  usually  assumed.  In  the  design  of  beams  projected  below,  the  tension 
rods  for  negative  moment  were  not  extended  to  meet  fully  the  requirements  of  negative  curve,  for  the  reason  that 

the  sectional  area  of  steel  at  the  center  of  span  was  proportioned  for  -r-^  and  not  for  the  true  moment  which  is  about 

21  %  less.  This  additional  steel  area  reduces  the  unit  stress  in  the  steel  and  the  deformation  in  the  concrete  in 
compression,  which  in  combination  serve  to  reduce  the  negative  moment  produced. 

For  the  end  span  the  maximum  positive  moment  is  1,529,000  in.-lb.,  but  M  =  ^  =  1,658,000  in.-lb.     The 

difference  here  is  not  so  appreciable. 

Fig.  46  includes  the  same  members  as  shown  in  Fig.  45  with  the  exception  that  a  cantilever  beam  is  required 
for  expansion  joint.  This  cantilever  beam  changes  the  condition  of  moments  in  the  adjacent  span,  as  shown  in 
moment  diagram. 

A  close  study  of  these  examples  will  reveal  many  interesting  stress  conditions  in  continuous  beams,  and  are 
given  for  the  purpose  of  showing  the  relationship  between  the  ordinary  moment  assumptions  and  the  more  accurate 
distribution  of  stress.  An  intimate  knowledge  of  this  relationship  will  be  of  inestimable  value  to  any  designer, 
and  though  not  recommended  for  every  day  use,  the  knowledge  of  these  conditions  is  fundamentally  essential 
to  the  proper  interpretation  of  the  usual  moment  assumptions. 

For  a  discussion  of  T-beams  continuous  at  both  supports  and  of  T-beams  of  three  continuous  spans,  see  pp.  238 
to  245,  inclusive,  of  "Reinforced  Concrete  and  Masonry  Structures,"  by  Hool  and  Kinne. 

42.  Designing  Tables  and  Diagrams  for  Beams  and  Slabs. — It  seems  appropriate  here 
to  emphasize  the  importance  of  resorting  to  the  use  of  tables  and  diagrams  whenever  it  is  possible 
to  do  so,  since  the  tabulation  of  values  in  advance  will  minimize  the  time  consumed  in  the 
preparation  of  designs.  The  measure  of  the  time  consumed  in  the  development  of  a  design,  is  a 
most  essential  factor  in  the  determination  of  an  engineer's  worth  and  should  not  be  subordinated 
to  other  conditions  having  a  lesser  value. 

The  engineer  will  often  find  it  advantageous  to  adopt  approximate  formulas,  and  although 
the  results  obtained  may  vary  slightly  from  those  derived  by  the  use  of  the  more  exact  formulas 
recommended,  it  must  be  borne  in  mind  that  the  divergence  of  practical  conditions  from  the 
assumptions  used  in  the  formulas,  does  not  justify  too  high  a  degree  of  mathematical  precision 
in  the  design  of  practical  structures,  unless  the  particular  problem  in  question  demands  such 
attention.  The  degree  to  which  approximate  formulas  may  be  used  will  depend  entirely  upon 
the  knowledge,  training,  initiative  and  experience  of  the  engineer,  which  should  be  sufficient  to 
justify  a  departure  from  the  more  accurate  computations  for  shorter  and  simpler  methods 
based  on  a  clear  conception  of  the  fundamental  principles  embodied  in  theoretical  design. 

The  number  of  designing  tables  and  diagrams  given  on  subsequent  pages  are  necessarily 
limited  on  account  of  the  space  allotted  to  this  subject.  The  engineer  will  find  it  helpful  to 
prepare  other  tables  of  a  similar  character. 
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In  explaining  the  solutions  to  problems,  it  is  not  the  intention  to  advocate  or  recommend 
the  use  of  any  particular  combination  of  working  stresses  for  /,  and  fc.  Building  ordinances  in 
various  sections  of  the  United  States  show  a  great  lack  of  consistency  in  the  working  stresses 
assumed  for  steel  and  concrete,  which  indicates  that  the  differences  of  opinion  prevailing  at  this 
time  preclude  the  immediate  possibihty  of  standardizing  unit  stresses  to  the  entire  approval  of 
all  sections  concerned.  The  working  values  for/,  and/c,  now  being  used,  vary  from  500  to  800 
lb.  per  sq.  in.,  and  in  not  a  few  instances  even  higher  stresses  for  concrete  are  employed.  The 
unit  working  stresses  in  the  steel  vary  from  16,000  to  20,000  lb.  per  sq.  in.,  depending  on  whether 
the  steel  is  soft  or  hard  grade.  The  many  structures  erected,  judging  from  all  available  infor- 
mation, have  given  a  like  degree  of  satisfaction,  and  in  view  of  this  fact  it  would  hardly  be 
consistent  to  condemn  one  practice  or  the  other  without  some  conclusive  evidence  that  would 
prove  the  custom  to  be  a  detriment  to  public  safety  and  interests. 

Illustrative  Problems. — The  use  of  designing  tables  and  diagrams  can  be  explained  to  a  greater  advantage  by 
giving  the  solutions  of  typical  designing  problems. 

Design  a  beam  of  rectangular  section  to  span  30  ft.  Total  uniformly  distributed  load  is  1000  lb.  per  lin.  ft. 
Beam  is  simply  supported,     fs  ~  18,000,  fc  =  750,  n  =  15,  vi  =  40. 

-.       ,rf2       (1000) (30)^12)        ,  „„  „„„  .      ,, 

M  =  —^  = =  1,350,000  in.-lb. 

o  o 

From  Table  3,  for  n  =  15,  /»  =  18,000,  and  /c  =  750 

k  =  0.385,     j  =  0.872,     p  =  0.00801,     A'  =  125.74. 

„         M         ,,.,        1,3.50,000        ,„.,o., 
K  =  j-j-,,  or  6d2  =     \,^^  -,      =  10,730. 
bd^  125.74J 

Assuming  6  =  15  in.,  then  d  =  26^4  in.  or  say  27  in. 

A,  =  (0.00801)  (15)  (27)   =  3.24  sq.  in. 

We  will  select  three  i^s-in.  and  two  1-in.  rounds  with  total  section  of  3.38  sq.  in. 

(15)  (7/8)  (27)        ^^"'^ 

When  V  =  42,  provision  for  shear  is  unnecessary  but  for  practical  reasons  it  is  advisable  to  use,  say  three  \i-in. 

stirrups  at  9  in.  and  two  at  12  in.  c.  to  c.  at  each  end.     All  the  tension  steel  is  not  needed  near  the  supports  so  if 

the  two  1-in.  rounds  are  bent  up  at  45  deg.  beginning  at  a  point  2  ft.  6  in.  from  the  supports,  a  better  design  will 

result.     Three  J^-in.  rounds  remain  in  the  bottom  to  develop  the  safe  bond  stress. 

D      J    .  15,000 

Bond  stress  u  =   .o  .^r^/T  M^o7^   =  ^^  ^^-  P^^  ^^-  >"• 
(S.2o)(>8)(..^7) 

Bond  stress  is  within  safe  limits  and  will  not  require  special  anchorage. 

The  values  K  and  p  may  be  found  from  Diagram  2  where  n  =  15.  Find  the  intersection  of /s  =  18,000  and 
curve  fc  =  750,  and  follow  this  point  horizontally  to  the  left  or  right  hand  margin  where  K  =  126.  Then  follow 
the  intersection  point  to  lower  margin  where  p  =  0.0081.  The  accuracy  of  these  readings  is  sufficient  for  any 
purpose  of  design. 

Diagrams  1  and  2. — These  diagrams  are  very  useful  to  find  the  relationship  between  any  values  for  p,  fs,  fc, 
and  K  for  any  rectangular  beam  or  solid  concrete  slab.  For  example  (Diagram  2),  if  steel  percentage  p  =  0.0072 
and  the  limiting  steel  stress  is  16,000,  the  concrete  stress  fc  is  found  to  be  625.  If  fc  =  600  and  p  =  0.008,  fs  is 
found  to  be  about  14,300. 

For  any  rectangular  beam  of  given  section  and  reinforcement  the  safe  load  per  linear  foot  may  be  readily 
obtained  by  means  of  these  diagrams.  Assume  the  steel  percentage  in  the  above  problem  to  be  p  =  0.007.  The 
same  limiting  values  for  fs,  fc  and  n  prevail.  Begin  at  lower  margin  of  Diagram  2  at  0.7  %  and  follow  vertically 
to  intersection  with  fs  —  18,000.     From  this  intersection  follow  to  left  or  right  margin  where  K  =  110  is  found. 

M  =  Khd"-  =  (110)  (15)  (27)=  =  1,202,800  in.-lb.  =  ~ 
8M  (8)  (1,202,800) 


(12)(/2)  (30)  =(12) 


=  890  lb.  per  lin.  ft. 


Table  2 — Find  the  safe  moment  per  12-in.  width  for  a  6-in.  solid  slab  with  p  =  0.006,  d  =  5  in.,  fs  =  20,000' 
/e  =  800,  n  =  15.     Slab  is  freely  supported. 

p  =  0.006,     k  =  0.344,     /  =  0.885. 

6d2  =  -^.,  or  M  =  bd-^pfsj  =  (12)  (5)  =(0.006)  (20,000)  (0.885) 

PfsJ 

M  =  31,860  in.-lb. 

Table  3. — This  table  gives  the  values  for  k,  j,  p  and  K  for  balanced  working  stresses  in  rectangular  beams  and 
slabs,  when/,  is  14,000,  16,00»,  18,000  or  20,000,  for  various  working  stresses  for /c. 
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Tables  4  and  5.— These  tables  are  for  designing  and  estimating  purposes.  The  area  A.  per  12-in.  w-idth  and 
net  weight  of  steel  per  square  foot  are  given  for  various  spacings  of  merchantable  bar  sizes,  which  may  be  more 
readily  obtained  than  odd  sizes. 

Tables  6,  7  and  8.— These  slab  tables  have  been  prepared  for  balanced  steel  and  concrete  stresses  when  n  = 
15.  Any  thickness  of  slab  from  3  to  10  in.  and  the  reinforcement  required  may  be  obtained  immediately  for 
any  given  superimposed  load  per  square  foot.  The  distance  from  center  of  reinforcement  to  bottom  surface  is  1 
in.  in  all  cases  and  if  a  greater  distance  is  required  than  this.  H  or  H  in.  may  be  added  without  ^affecting  the  effective 
depth  d  and  table  values  may  be  adapted  accordingly.     All  tables  are  prepared  for  M  =  -j^  and  may  be  adapted 

to  ^  and  ^  as  per  instructions  given  in  tables. 

Find  thickness  of  slab  and  reinforcement  required  for  a  12-ft.  span  when  the  superimposed  load  is  150  lb.  per 

sq.  ft. 

M  =  '^,f,  =  16,000,  fc  =  6.50,  n  =  15 

In  Table  6  find  column  for  12-U.  span  and  follow  down  to  the  149  and  then  to  left  where  a  6-in.  slab  is  given 
requiring  J^-in.  rounds,  5  in.  c.  to  c.,  or  a  selection  of  "other  bar  sizes  with  spacings  as  shown. 

If  the  same  example  is  assumed  when  AT  =  ^,  follow  instructions  given  in  Table  6.     A  G^-in.  slab  with  A. 
=  0.508  has  a  superimposed  load  value  of  189  lb.  for  a  12-ft.  span.     The  dead  load  of  this  slab  is  82  lb. 
(189  +  82)  (H)   =  226  —  82  =  144  lb.  per  sq.  ft.  superimposed  load. 

Table  9  —It  is  often  necessary  to  retain  the  same  thickness  of  slab  for  spans  that  vary  within  reasonable  limits. 
This  table  gives  the  safe  moment  in  inch  pounds  for  slab  thicknesses  varying  from  4  to  8M  in.  with  various  steel 
percentages,  for  three  combinations  of  allowable  unit  stresses,  assuming  n  =  15. 

For  example,  a  6-in.  slab  may  be  selected  for  moments  varying  from  20,070  to  33,510  in.-lb.,  when/,  =  16,000 
and  fc  =  650,  or  from  25,090  to  41,240  in.-lb.  in  ease  /.  =  20,000  and  fc  =  800.  It  may  be  interesting  to  note  that 
as  the  steel  reaches  its  limit  of  safe  working  stress  for  any  individual  slab  thickness,  the  increase  in  moment  beyond 
this  point  is  not  very  appreciable.  ^     ,    ,  .   ,  ,  ,■  r     . 

Table  10.— This  table  is  for  estimating  purposes,  and  may  also  be  employed  to  find  the  weight  per  linear  toot 
of  any  beam  size  given.     The  instructions  in  table  are  self-explanatory. 

Diagram  3.— The  preparation  of  reinforced  concrete  shop  drawings  may  be  greatly  facilitated  by  the  use  of  this 
diagram  to  find  the  length  of  any  bend  which  represents  the  hypothenuse  of  any  triangle,  when  the  length  of  two 
known  sides  are  at  right  angles  to  one  another.     The  diagram  apphes  when  bends  are  made  at  30  deg.,  45  deg.  or 

any  other  angle.  ,        ,      ,  j       -l       iv,  <.•     i 

For  example,  it  is  required  to  find  the  length  of  straight  portion  between  the  bends  of  a  rod,  when  the  vertical 
distance  center  to  center  of  rod  is  30  in.  and  the  horizontal  distance  center  to  center  of  bends  is  33  in.  First  find 
the  designation  30  at  the  right  hand  margin  and  follow  this  line  to  the  left  until  the  vertical  line  from  33  on  the  lower 
margin  intersects,  then  follow  this  point  of  intersection  parallel  to  the  nearest  circular  line  to  the  lower  margin  where 

44>2  in.  is  read.  ■      ■     •         ctu 

Diagrams  4,  5,  6  and  7.— Such  diagrams  are  very  useful  in  lessening  the  time  consumed  in  the  design  of  I-beams 

When  2  and  p  are  known,  either  k  or  j  may  be  found  directly.     With  any  given  ratios  for  ^  and  P,  or  ^and  k 
it  can  at  once  be  determined  whether  the  neutral  axis  is  in  the  flange  or  in  the  web. 

Design  the  center  cross  section  of  a  fully  continuous  beam  of  20-ft.  span  to  sustain  a  total  load  of  loOO  lb.  pei 
lin.  ft.  /,  =  16,000,  fc  =  650,   n  =  15.      Maximum  shear  allowable  v  =  120.     The  slab  having  been  previously 

designed,  <  =  5  in.  ,        ,        •         ^  j 

The  first  consideration  in  the  design  of  a  T-beam  is  to  provide  a  sufficient  section  for^  shearing  stresses  and  a 
width  such  that  the  bars  can  be  properly  spaced.     The  sectional  area  required  for  shear  is 

(1500)(10)        ,,„ 

h'd  = -^ — -    =  143  sq.  in. 

"'^  ,      (H)(120) 

^  (1500)  (20) 2  ^  ^^  .^  _,j^ 

12 

143 
If  effective  depth  d  =  16  in.,  then  b'  =  -j^   =  9  in. 

Now  the  approximate  steel  area  A.  may  be  obtained  to  find  if  the  width  6'  =  9  in.  is  wide  enough  for  th< 
number  of  bars  to  be  used. 

A.  =  600,000 ^^  ^  2  7         i„ 

(0.87)  (16)  (16,000) 

This  area  will  require  say  three  M-in.  rounds  straight  in  the  bottom  and  one  J^-in.  round  and  one  1-in.  round  ben 
in  the  top  plane,  or  a  total  of  2.71  sq.  in.  ,    .      ,     .  j       i 

Assuming  three  diameters  as  the  minimum  distance  center  to  center  of  the  H-m.  rods  in  the  bottom,  and  a  clea. 
distance  of  IM  in.  from  the  sides,  the  minimum  width  6'  is  8>i  in.  Hence  with  the  rods  placed  in  two  planes,  th. 
width  9  in.  found  above  is  satisfactory.  The  effective  depth  d  =  16  in.  will  be  measured  from  the  top  surface  o 
slab  or  beam  to  the  center  between  the  two  planes  of  rods  in  the  bottom. 
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Now  J  =  T^  =  0.313.     Assuming  a  width  of  flange  on  either  side  of  beam  face  equal  to  4  times  5  or  20  in. 
which  is  within  the  allowable  limit,  the  total  width  6  =  49  in.     The  approximate  percentage  of  steel  is 

With   these  values  for  p  and  3,  Diagram  6  determines  at  once  that  the  neutral  plane  is  in  the  flange,  hence  Case  I 
applies  (see  Art.  40c). 


K  = 


M         600,000 


48 


£2       (49)  (16)  2 
From  Diagram  2  when  A'  =  48  and  /,,  =  16,000,  p  is  found  to  be  0.0033. 

As  =  (0.0033)  (49)  (16)   =  2.59  sq.  in. 

The  bar  sizes  selected  above  are  sufficient  and  may  be  used.  Since  p  =  0.0033  it  is  quite  evident  that  the  concrete 
stress  is  low,  or  from  Diagram  2  not  quite  400  lb.  per  sq.  in.  In  this  particular  member  it  would  not  be  necessary 
to  investigate  the  compressive  stress  in  concrete  for  positive  moment  unless  the  percentage  p  exceeded  0.00769 
(Table  3),  which  is  the  controlling  value  for  p  when  /«  =  16,000,  fc  =  650  and  n  =  15. 

Diagram  8. — To  locate  the  points  at  which  bends  may  be  made  in  the  bottom  reinforcement  of  simple  and 
continuous  beams,  consumes  no  little  time,  if  a  diagram  showing  these  relationships  is  not  available.     To  illustrate, 

assume  a  continuous  beam  has  been  designed  for  M  =  y^  and  reinforced  with  three  ^i,-in.  rounds  straight  in  the 

bottom  and  two  1-in.  rounds  to  be  bent.  It  is  desired  to  find  the  points  at  which  rods  may  be  bent.  The  total 
area  of  straight  and  bent  rods  is  2.89  sq.  in.  One  1-in.  round  bent  rod  represents  27  %  of  the  total,  and  two  1-in. 
rounds  54  %  of  the  total  area.  To  find  the  point  where  one  1-in.  round  or  27  %  of  the  steel  may  be  bent  up  and 
leave  sufficient  area  for  positive  moment,  trace  horizontally  from  the  27  %  point  at  the  right  margin  to  the  curve 

M  =  "Yg   and  then  vertically  to  the  lower  margin  where  0.285Z  is  read.     By  reading  in  the  same  manner  two  1-in. 

rounds  or  54  %  of  the  steel  may  be  bent  up  at  0.20L 


Table  1. — Areas 

Perimeters  and  We 

GHTS  OF  Rods 

Round  rods 

Square  rods 

Size 
(inches) 

Area 
(square 
inches) 

Perimeter 
(inches) 

Weight  per 
foot  (pounds) 

Area 
(square 
inches) 

Perimeter 
(inches) 

Weight  per 
foot  (pounds) 

H 

0.0491 

0.7854 

0.167 

0.0625 

1.00 

0.212 

M. 

0.0767 

0.9817 

0.261 

0.0977 

1.25 

0.333 

H 

0.1104 

1.1781 

0.375 

0.1406 

1.50 

0.478 

Hs 

0.1503 

1.3744 

0.511 

0.1914 

1.75 

0.651 

\i 

0.1963 

1 . 5708 

0.667 

0.2500 

2.00 

0.850 

He 

0.2485 

1.7671 

0.845 

0.3164 

2.25 

1.076 

^i 

0.3068 

1.9635 

1.043 

0 . 3906 

2.50 

1.328 

^He 

0.3712 

2.1598 

1.262 

0.4727 

2.75 

1.608 

H 

0.4418 

2.3562 

1.502 

0.5625 

3.00 

1.913 

^Hi 

0.5185 

2.5525 

1.763 

0 . 6602 

3.25 

2.245 

14 

0.6013 

2.7489 

2.044 

0.7656 

3.50 

2.603 

^>U 

0.6903 

2.9452 

2.347 

0 . 8789 

3.75 

2.989 

1 

0.7854 

3.1416 

2.670 

1 . 0000 

4.00 

3.400 

He 

0 . 8866 

3.3379 

3.014 

1.1289 

4.25 

3.838 

H 

0 . 9940 

3.5343 

3.379 

1.2656 

4.50 

4.303 

He 

1.1075 

3.7306 

3.766 

1.4102 

4.75 

4.795 

y*. 

1.2272 

3.9270 

4.173 

1.5625 

5.00 

5.312 

H» 

1 . 3530 

4.1233 

4.600 

1.7227 

5.25 

5.857 

H 

1.4849 

4.3197 

5.049 

1 . 8906 

5.50 

6.428 

He 

1 . 6230 

4.5160 

5.518 

2 . 0664 

5.75 

7.026 

H 

1.7671 

4.7124 

6.008 

2 . 2500 

6.00 

7.650 

He 

1.9175 

4.9087 

6.520 

2.4414 

6.25 

8.301 

^ 

2.0739 

5.1051 

7.051 

2 . 6406 

6.50 

8.978 

>M6 

2.2365 

5.3014 

7.604 

2.8477 

6.75 

9.682 

H 

2.4053 

5.4978 

8.178 

3 . 0625 

7.00 

10.410 

^Hs 

2.5802 

5.6941 

8.773 

3.2852 

7.25 

11.170 

H 

2.7612 

5 . 8905 

9.388 

3.5156 

7.50 

11.950 

1^6 

2.9483 

6.0868 

10.020 

3.7539 

7.75 

12.760 

2 

3.1416 

6.2832 

10.680 

4 . 0000 

8.00 

13.600 
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Table  2. -Values  of  k  and  j  for  Rectangular  Beams  and  Slabs 

k  =  '\/2pn  +  (i»i)'^  =  pn  j  =  1  —  }ik 


p 

n  = 

12 

n  = 

15 

P 

n 

=  12 

n  = 

15 

k 

i 

k 

} 

k         1 

] 

k 

} 

0.0010 

0.145 

0.952 

0.158 

0.947 

0.0068 

0.330 

0.890 

0.360 

0.880 

0.0012 

0.155 

0.948 

0.169 

0.944 

0.0070 

0.334 

0.889 

0.365 

0.878 

0.0014 

0.166 

0.945 

0.181 

0.940 

0.0072 

0 .  338 

0.887 

0.369 

0.877 

0.0016 

0.177 

0.941 

0.192 

0.936 

0.0074 

0.342 

0.886 

0.372 

0.876 

0.0018 

0.186 

0.938 

0.202 

0.933 

0.0076 

0.345 

0.885 

0.376 

0.875 

0.0020 

0.196 

0.935 

0.217 

0.928 

0.0078 

0.349 

0.884 

0.380 

0.873 

0 . 0022 

0.204 

0.932 

0.222 

0.926 

0.0080 

0.353 

0.882 

0.384 

0.872 

0.0024 

0.212 

0.929 

0.231 

0.923 

0 . 0082 

0.356 

0.881 

0.387 

0.871 

0.0026 

0.220 

0.927 

0.240 

0.920 

0.0084 

0.360 

0.880 

0.390 

0.870 

0.0028 

0.227 

0.924 

0.248 

0.917 

0.0086 

0.363 

0.879 

0.394 

0.869 

0 . 0030 

0.235 

0.922 

0.258 

0.914 

0 . 0088 

0.366 

0.878 

0.398 

0.867 

0 . 0032 

0.241 

0.920 

0.263 

0.912 

0.0090 

0.370 

0.877 

0.402 

0.866 

0.0034 

0.248 

0.917 

0.271 

0.910 

0.0092 

0.373 

0.876 

0.405 

0.865 

0 . 0036 

0.254 

0.915 

0.277 

0.908 

0 . 0094 

0.376 

0.875 

0.407 

0.864 

0.0038 

0.260 

0.913 

0.284 

0.905 

0.0096 

0.379 

0.874 

0.411 

0.863 

0 . 0040 

0.266 

0.911 

0.292 

0.903 

0 . 0098 

0.381 

0.873 

0.414 

0.862 

0.0042 

0.270 

0.910 

0.297 

0.901 

0.0100 

0.385 

0.872 

0.418 

0.861 

0.0044 

0.276 

0.908 

0.303 

0.899 

0.0102 

0.387 

0.871 

0.420 

0.860 

0.0046 

0.281 

0.906 

0.309 

0.897 

0.0104 

0,391 

0.870 

0.423 

0.859 

0.0048 

0.286 

0.904 

0.315 

0.895 

0.0106 

0.394 

0.869 

0.426 

0.858 

0.0050 

0.291 

0.903 

0.320 

0.893 

0.0108 

0.396 

0.868 

0.429 

0.857 

0 .  0052 

0.295 

0.901 

0.324 

0.892 

0.0110 

0.398 

0.867 

0.432 

0.856 

0.0054 

0.300 

0.900 

0.329 

0.891 

0.0112 

0.402 

0.866 

0.434 

0.855 

0.0056 

0.304 

0.899 

0.333 

0,889 

0.0114 

0.404 

0.865 

0.437 

0.854 

0.0058 

0.309 

0.897 

0.337 

0.888 

0.0116 

0.407 

0.864 

0.440 

0.853 

0.0060 

0.314 

0.895 

0.344 

0.885 

0.0118 

0.410 

0.863 

0.443 

0.852 

0.0062 

0.317 

0.894 

0.348 

0.884 

0.0120 

0.412 

0.863 

0.446 

0.851 

0.0064 

0.322 

0.893 

0.352 

0.883 

0.0122 

0.415 

0.862 

0.448 

0.851 

0.0066 

0.325 

0.892 

0.356 

0.881 

0.0124 

0.417 

0.861 

0.451 

0.850 

p  = 


H 


f;(,^+') 


Table  3. — Use  for  Rectangular  Beams  and  Slabs 
1  •      -       ^ 

3 


1  + 


j  =  1  - 


K  =  pfsjor^-f 


Ratio  of  Moduli     n  =  12 

/« 

/ 

k 

;■ 

P 

K 

/. 

h 

h 

i 

P 

A- 

500 

0.300 

0.900 

0.00536 

67.54 

500 

0.250 

0.917 

0.00347 

57.30 

550 

0.320 

0.893 

0 . 00630 

78.58 

550 

0.268 

0.911 

0.00410 

67.19 

600 

0.340 

0.887 

0.00728 

90.48 

600 

0.286 

0.905 

0.00476 

77.56 

14,000 

650 

0.358 

0.881 

0.00831 

102.46 

18,000 

650 

0.302 

0.899 

0.00546 

88.36 

700 

0.375 

0.875 

0.00937 

114.78 

700 

0.318 

0.894 

0.00619 

99.55 

750 

0.391 

0.870 

0.01048 

127.59 

750 

0.333 

0.889 

0.00694 

111  .11 

800 

0.407 

0.864 

0.01162 

140.62 

800 

0.348 

0.884 

0.00773 

123.00 

500 

0.273 

0.909 

0.00426 

61.98 

500 

0.231 

0.923 

0.00289 

53.26 

550 

0.292 

0.903 

0.00.502 

72.50 

550 

0.248 

0.917 

0.00341 

62.60 

600 

0.310 

0.897 

0.00,582 

83.49 

600 

0.265 

0.912 

0.00397 

72.50 

16,000 

650 

0.328 

0.891 

0.00666 

94.88 

20,000 

650 

0.281 

0.907 

0.00456 

82.07 

700 

0.344 

0.885 

0.007.53 

106.66 

700 

0.296 

0.901 

0.00518 

93.31 

750 

0.360 

0.880 

0.00844 

118.79 

750 

0.310 

0.897 

0.00582 

104.. 35 

800 

0.375 

0.875 

0.00938 

131.25 

800 

0.324 

0.892 

0.00649 

115.60 

Ratio  0 

f  Moduli      n  =  15 

500 

0.349 

0.884 

0.00623 

77.06 

500 

0.294 

0.90 

0.00409 

66.32 

5,50 

0.371 

0.876 

0.00728 

89.36 

550 

0.314 

0 .  895 

0 . 00480 

77.38 

600 

0.391 

0.870 

0.00839 

102.08 

600 

0.333 

0.889 

0.00556 

88.90 

14,000 

650 

0.411 

0.863 

0.00953 

115.17 

18,000 

650 

0.351 

0 .  883 

0.00634 

100.82 

700 

0.429 

0.857 

0.01071 

128.56 

700 

0.368 

0.877 

0.00716 

113.12 

7.50 

0.446 

0.852 

0.01193 

142.22 

750 

0.385 

0.872 

0.00801 

125.74 

800 

0.462 

0.846 

0.01319 

156.26 

800 

0.400 

0.867 

0.00889 

138.67 

500 

0.319 

0.894 

0.00499 

71.30 

500 

0.273 

0.909 

0.00341 

61.98 

550 

0..340 

0.887 

0.00585 

82.94 

550 

0.292 

0.903 

0 . 00402 

72.51 

600 

0 .  360 

0.880 

0.00680 

95.04 

600 

0.310 

0.897 

0.00466 

83.47 

16,000 

650 

0.379 

0.874 

0 . 00769 

107 . 65 

20,000 

650 

0.323 

0.891 

0.00533 

94.89 

700 

0.396 

0.868 

0 . 00867 

120.37 

700 

0.344 

0 .  885 

0 . 00603 

106.57 

7,50 

0.413 

0.862 

0 . 00968 

133.51 

750 

0.360 

0.880 

0.00675 

118.80 

800 

0.429 

0.857 

0.01071 

146.87 

800 

0.375 

0.875 

0.00750 

131.25 
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18,000,  fc  =  750)  and 


Table  9. — Strength  of  Solid  Slabs 
For  Various  Percentages  of  Steel  when  (/.  =  16,000,  fc  =  650),  (/, 

(/,  =  20,000,  /,  =  800) 
Ratio  n  =  15 
Above  heavy  line  Ms  controls.     Below  heavy  line  Mc  controls 


Reinforcement 

Secfl 
area 

Moment  (inch-pounds) 

Slab 

Effect- 

(inches) 

c 

thick- 
ness 

ive 
depth 

A. 
(12  in. 
wide) 

t 

P 

k 

J 

/,  =  16,000 

/,  =  18,000 

/,  =  20,000 

(inches) 

(inches) 

Round 

Square 

■0 
.0 

■fc  =        650 
n  =   15 

fc  =        750 
n  =  15 

fc  =        800 
n  =   15 

(Centers) 

(Centers  1 

4 

3 

I  ^-  6 

«-  7H 

0.22 

36  0.0061 

0.346 

0.885 

9,350 

10,510 

11,690 

4 

3 

%-  7 

0.24 

36  0 .0067 

0.358 

0.881 

10,150 

11,420 

12,690 

4 

3 

1  H-  9M 

0.25 

36  0.0069 

0.363 

0.879 

10,550 

11,860 

13,190 

4 
4 
4 

3 
3 
3 

\H-  5 

1 H-  m 

1  %-  4H 

/?g-  6 
^  J-2-10J4 
J  ?^-  5?i 
I  H-IOK 

0.26 
0.28 
0.29 

36  0.0072 
36  0.0078 
36  0.0081 

0.369 
0.380 
0.385 

0.877 
0.873 
0.872 

10,950 

12,310 
13,200 

13,680 

11,650 
11,780 

14,330 
14,500 

13,600 

4 

3 

^  H-  9« 

0.31 

36  0  .0086 

0.394 

0.869 

12,020 

13,870 

14.790 

4 

3 

1  ?^-  4 

1  «-  5 
I  >^-  8^i 

0.34 

36 

0.0094 

0.407 

0.864 

12,340 

14,240 

15,190 

4M 

3H 

f  >^-  9 
U^-  5 

^    >2-ll>^ 

0.26 

42 

0.0062 

0.348 

0.884 

12,870 

14,480 

16,090 

i}i 

3H 

\  %-  4^4 

I  %~  6 
1  >^-10Ji 

0.28 

42 

0.0067 

0.358 

0.881 

13,810 

15,540 

17,270 

4H 

3H 

f  H-  8 
I  ?g-  4>^ 

^    >2'-10>i 

0.29 

42 

0.0069 

0.363 

0.879 

14,270 

16,060 

17,840 

4>^ 

3>^ 
3K 

I  J^-  4i.i 

JH-  7 
1  ?^-  4 

1  >$-  95i 

I  >2-  8Ji 

0.31 
0.34 

42 
42 

0  .0074 
0.0081 

0.372 
0.385 

0.876 
0.872 

15,210 

17,110 

19,010 

16,040 

18,510 

19,740 

l>^ 

3H 

f  3-2'-  61.^ 

/  H-  4^i 
1  J-^-  8>i 

0.36 

42 

0 .0086 

0.394 

0.869 

16,360 

18,870 

20,130 

4H 

3>^ 

1  H-  93.^ 

/  ?^-  4>i 

I  yi-  7H 

0.39 

42 

0.0093 

0.406 

0.865 

16,780 

19,360 

20,650 

5 

4 

1  H-  5H 

H-  7 

0.24 

48 

0.0050 

0.320 

0.893 

13,720 

15,430 

17,150 

5 

4 

j  H-  9H 
1  Vs-  5>i 

f  H-12 

0.25 

48 

0.0052 

0.324 

0.892 

14,270 

16,060 

17,840 

5 

4 

f  H-  9 

1  ?g-  6>^ 

0.26 

48 

0.0054 

0.329 

0.891 

14,830 

16,680 

18,530 

5 

4 

[  >2-  8H 

\H-  6 

0.28 

48 

0 .0058 

0.337 

0.888 

15,910 

17,900 

19,890 

5 

4 

IH-  8 
\  ?^-  4H 

J  M-IOK 

0.29 

48 

0  .0060 

0.344 

0.885 

16,430 

18,480 

20,530 

5 

4 

f  J-^-  7H 

f  J-^-  9?i 

0.31 

48 

0.0065 

0.354 

0.882 

17,500 

19,690 

21,870 

5 

4 

/M-  7 
U^-  4 

0.34 

48 

0  .0071 

0.367  0.878 

19,100 

21,490 

23,880 

5 
5 

4 

4 

/H-  6 
1  ^-  9M 

/  H-  8>4 

I  ^1-  4Ji 

/  H-  7n 

1  ?^-  4>i 

0.36 
0.39 

48 
48 

0 .0075 
0.0081 

0.374  0.875 
0.385  0.872 

20,160 

22,680 

25.200 

20,950 

24,170 

25,780 

5 

4 

1  H-  8H 

f  H-  7 
1^-   11 

0.43 

48 

0.009C 

0.402  0.866 

21.720 

25.060 

26,740 
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Reinforcement 

Sect'l 

j 
Moment  (inch-pounds)             | 

Slab 
thick- 
ness 

Effect- 
ive 
depth 

(inc 

hes) 

area 

A, 

(12  in. 

wide) 

1 

P 

A: 

J 

/.  =  16.000/,  =  18,000;/.  =  20.000 

(inches) 

(inches) 

Round 

Square 

J5 

fc  =        650 
n  =  15 

fc  =        750  A  =        800 
n  =  15          n  =  15 

(Centers) 

(Centers) 

53-2 

4>2' 

/  y2-  9 

1  Jg-  6>^ 

0.26 

54 

0.0048  0.315 

0.895 

16,750 

18.850 

20,940 

5>2' 

4H 

1  ?^-  4^i 

Wg-  6 

0.28 

54 

0.0052  0.324 

1 

0.892 

17.980 

20.230 

22,480 

5>2 

4H 

IK-  8 
I  «-  4>^ 

f  Y2-IOY4, 

0.29 

54 

0.0054 

0.329 

0.891 

18,600 

20.930 

23,260 

5>^ 

4H 

1  ^^-  4}.i 

[  >'2-  9^i 
^  5g-  5Y2 

0.31 

54 

0 .0057 

0.335 

0.889 

19,840 

22,320 

24,800 

5>2' 

4>2 

H-  7 

\  J^-4 

i  Y2-  8?i 

0.34 

54 

1 
0.0063  0.350 

0.884 

21,640 

24.350 

27,050 

5>2 

4>^ 

(  Y2-  8>i 
^  Y^-  4H 

0.36 

54 

0.0067  0.358 

0.881 

22,840 

25.690 

28,540 

5>^ 

4>$ 
4H 
43-^ 

IH-  6 
1  M-  9>^ 
/  Yt.-  5H 

1  Y2-  5 

J  K-  7^4 
^  ^A-  ^Yi 
1  Y2-  7 
I  Jg-11 

/    3-2-    eY2 

1  ^i-10 

0.39 
0.43 
0.47 

54 
54 

54 

0. 0072:0.369 

0.0080  0.384 

1 

0.877 
0.872 
0.868 

24.630 

27.700 
30.370 

30,780 

26.450 
27.150 

32,550 
33,410 

0.0087 

0.396 

31,320 

6 

5 

/  K-  83-^ 
I  %-  4^i 

1  H~  6 

0.28 

60 

0.0047 

0.312 

0.896 

20.070 

22,580 

25,090 

6 

5 

/  >^-  8 

1  J-^-ioj-i 

^  Yb-  6Y4. 

0.29 

60 

0.0048 

0.315 

0.895 

20.760 

23.360 

25,960 

6 

3 

1  K-  7>^ 
^  H-  4>4 

1  Y2-  m 

^  Ys-  5H 

0.31 

60 

0.0052 

0.324 

0.892 

22.120 

24.890 

27.650 

6 

5 

J}-^-  7 
\Ya-  4 

f  Y2-  8H 
^  ?g-  5 

0.34 

60 

0.0057 

0.335 

0.889 

24,180 

27.200 

30,230 

6 

5 

[  K-   6>2' 
1  J^-10 

/  Y2-  8>i 
^  fg-  4Ji 

0.36 

60 

0.0060 

0.344 

0.885 

25,490 

28.670 

31,860 

6 

5 

f  >^-  6 

1  H-  9M 

)  3-^-  7?i 

0.39 

60 

0.0065 

0.354 

0.882 

27.520 

30.960 

34,400 

6 
6 
6 

5 
5 
5 

1  'A-  8K 
/K-  5 
^  'A-  7H 
j  Yi-  4.Y2 

1  H-  7 

JH-  7 

I  Ys-iO 

1  Y2-  5H 
I  Ys-  9 

0.43 
0.47 
0.52 

60 
60 
60 

0.0072 
0.0078 
0.0087 

0.369 
0.380 
0.396 

0.877 
0.873 
0.868 

30.170 

33,940 
36,930 

37,710 

32,350 
33,510 

39,810 
41,240 

38,670 

6H 

5>2 

f  H-  8 

I  ^1-  4>2' 

/  3-^-lOK 

^  Ys-  5H 

0.29 

66 

0.0044 

0.303 

0.899 

22,940 

25,810 

28,680 

6>2 

5>2 

/  H-  7>^ 
^  ^-  4M 

f  H-  Wi 
^  Yb-  5>^ 

0.31 

66 

0.0047 

0.312 

0.896 

24.440 

27,500 

30,550 

6>^ 

5H 

)  >^-  7c. 
1  Ys-  4c. 

1  ^g-  5 

0.34 

66 

0.0052 

0.324 

0.892 

26.690 

30,020 

33,360 

6>2 

5>2 

1  H-IO 

/  K-  8>i 

0.36 

66 

0.0055 

0.331 

0.890 

28,200 

31,720 

35,240 

6>^ 

5H 

1  H-  6 
^  H-  QY2 

J  K-  7Ji 
1  ^^-  4>i 

0.39 

66 

0 .0059 

0.340 

0.887 

30,440 

34,250 

38,050 

6>^ 

5>^ 

!  Y2~  5H 
^  ^8-  8H 

J  >2-  7 
I  Yi-ll 

0.43 

66 

0.0065 

0.354 

0.882 

33.370 

37,550 

41,720 



5>^ 

I  H-  7H 

[  Y2-  eyi 

0.47 

66 

0.0071 

0.367 

0.878 

36,310 

40,850 

45,390 

11 
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Slab 
thick- 
ness 

Effect- 
ive 
depth 

Reinforcement 
(inches) 

Sect'l 

area 

A, 

(12  in. 

wide) 

P 

k 

J 

Moment  (inch-pounds) 

fs  =  16,000 

/.  =  18,000 

A  =20,000 

(inches) 

(inches) 

Round 

Square 

fc  =        6.50 
n  =   15 

A  =        7.50 
n  =  15 

fc  =       800 
n  =  15 

6>2' 
6>2 

5>2' 

5>^ 

(Centers) 

f  H-  4}.^ 

I  y^-  7 

(Centers) 

^  ^g-  9 
1  H-  5 
I  H-  8 

0.52 
0.59 

66 

0  0079 

0.382 
0  400 

0.873 
0.867 

44,940 

39,340 
40,900 

48,420 
50,350 

1 
66  0  0089 

47,190 

6H 

5H 

[  ?g-  5H 

f  H-  4H 

^  ys-  7 

0  G7 

66 

0  0102 

0.418 

0.861 

42,460 

48,990 

52,260 

7 

6 

/  H-  7>^ 
^  ?^-  4>4 

1  y^-  9^i 

1  ^•^-  5M 

0.31 

72 

0.0043 

0.300  0.900 

26,784 

30,120 

33,480 

7 

6 

/  H-  7 
Ug-4 

/  y^-  sVi 

0  34 

72 

0.0047 

0  312  0.896 

29,240 

32,900 

36,560 

7 

6 

1  ^g-10 

/  y2-  8H 

I  ^^-  4H 

0.36 

72 

0  0050 

0.320 

0  893 

30,860 

34,720 

38,580 

7 

6 

/  y%-  6 

^  ^^-  9H 

/  J-^-  7Ji 
I  H-  4K 

0.39 

72 

0 .0054 

0.329 

0.891 

33,360 

37,530 

41,700 

7 

6 

f  H-  51.^ 

f  H-  7 
^  ys-n 

0.43 

72 

0 .0060 

0.344 

0.885 

36,530 

41,100 

45,670 

7 

6 

1  J-^-  5 
^  Ji-  7Ji 

i  y^-  6H 

0.47 

72 

0  .0065 

0.354 

0.882 

39,800 

44,770 

49,740 

7 
7 

G 
G 

/  H-  4H 

Ug-  7 
/  M-  4 

[  y-  Wa. 

\  H-  9 

\y-  5 

1  ^A-  8 

0.52 
0.59 

72 
72 

0 .0072 
0.0082 

0.369 
0.387 

0.877 
0.871 

43,780 

49,250 

54,720 

47,330 

54,600 

58,250 

7 

6 

1  H-  5H 

Ui-  8 

/  J-^-  4M 

\y%-  7 

0.67 

72 

0.0093 

0.406 

0.865 

49,310 

56,890 

60,690 

7 

6 

1  Ji-  7>i 

(  J-^-  4 

0.74 

72 

0.0103 

0.421 

0.860 

50,830 

58,650 

62,560 

7>^ 

6>^ 

f  J-^-  7 
1  ^g-  4 

0.34 

78 

0.0044 

0.303 

0.899 

31,790 

35,760 

39,740 

7>^ 

6H 

/  H-  8K 

0,36 

78 

0.0046 

0.309 

0.897 

33,580 

37,780 

41,980 

7H 

6>^ 

1  J-^-  6 

^  ys-  9>^ 

/  y-  7H 
I  ?^-  4>i 

0.39 

78 

0.0050 

0.320 

0.893 

36,220 

40,750 

45.270 

7M 

6)-^ 

1  H-  5H 
^  ?g-  8H 

J  y-  7 
^  ^g-ii 

0,43 

78 

0.0055 

0.331 

0.890 

39,800 

44,780 

49,750 

7>^ 

6>^ 

i  5^-  7« 

/  y-  &y 

0.47 

78 

0  .0060 

0.344 

0.885 

43,260 

48,670 

54,070 

7>^ 

6>^ 

f  H-  4H 
I  ^^-  7 

/  y-  5?i 
^  ^^-  9 

0.52 

78 

0.0067 

0.358 

0.881 

47,640 

53,600 

59,560 

7>^ 

6>^ 

/  H-  4 

ly-  5 

I  ?g-  8 

0.59 

78 

0  0076 

0.376 

0.875 

53,690 

60,400 

66,720 

7>2 

OH 

1  H-  8 

1  H-  4H 

I  yg-  7 

0.67 

78 

0.0086 

0.394 

0.869 

56,420 

65, 100 

69,440 

7}^ 

6>^ 

I  H-  7K 

1  y-  4 
I  ye-  &y 

0.74 

78 

0 .0095 

0.409 

0.864 

58,230 

67,190 

71,660 

7H 

6>^ 

i  H-  5y 
\  H-  8 

0.85 

78 

0.0109 

0.430 

0.857 

60,720 

70,060 

74,730 

8 

7 

I  H-  6K 
1  ^^-10 

,  y-  8>i 

\  H-  4y 

0.36 

84 

0  0043 

0.300 

0.900 

36,290 

40,820 

45,360 
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Reinforcement 

Sect'l 
area 
A, 

(12  in. 

wide) 

Moment  (inch-po 

und.s) 

Slab 
thick- 
ness 

Effeci 

ive 

depth 

(inches) 

6 

P 

k 

J 

/,  =   16,000 

/.  =  18,000 

fs  =  20,000 

(inches) 

(inches) 

Round 

Square 

fc  =         650 
n  =  15 

/.  =        750 
n  =  15 

fc  =        800 
n  =  15 

(Centers) 

(Centers) 

1 

8 

7 

[Vi-  6 
1  ^g-  9H 

/  H-  7H 

0.39 

84 

0.0046 

0.309 

0.897 

39,180 

44,080 

48,980 

8 

7 

I  %-  8H 

f  J-^-  7 

1  ya-n 

0.43 

84 

0.0051 

0.322 

0.893 

43,010 

48,380 

53,760 

8 

7 

1  H-  VA 

1  H-  6K 
I  ya-10 

0.47 

84 

0  .0056 

0.333 

0.889 

46,800 

52,650 

58,500 

8 

7 

\%-  7 

1  Vi-  5U 
I  ya-  9 

0.52 

84 

0  .0062 

0.348 

0.884 

51,480 

57,920 

64,350 

8 
8 
8 

7 
7 
7 

1  ?i-  8 
/?^-  5 
\  M-  7>i 

J  H-  5 
\ya-  8 
/  M-  4H 
I  ^-  7 
/H-4 
I  ya-  6>i 

0.59 
0.67 
0.74 

84 
84 
84 

0.0070 
0.0080 
0  .0088 

0.365 
0.384 
0.398 

0.878 
0.872 
0.867 

58,020 

65,270 
73,610 

72,520 

63,990 
65,940 

78,760 
81,160 

76,090 

8 

7 

I  Ji-  8 

0.85 

84 

0.0101 

0.419  0.860 

68,860 

79,450 

84,750 

8>^ 

7]-^ 

1  H-  6c. 
1  ya-  9H 

1  ?^-  4K 

0.39 

90 

0.0043 

0.300  0.900 

42,120 

47,390 

52,650 

8>^ 

7H 

/  y2-  5H 

J  K-  7 
1  ^g-11 

0.43 

90 

0.0048 

0.315 

0.895 

46,180 

51,950 

57,730 

8>^ 

73-^ 

\  ^8-10 

0.47 

90 

0.0052 

0.324 

0.892 

50,310 

56,600 

62,890 

8H 

7H 

j  H-  4H 
U^-  7 

\ya-  9 

0.52 

90 

0.0058 

0.337 

0.888 

55,410 

62,340 

69,260 

8>^ 

7>2 

/>^-4 

1M-  8 

0.59 

90 

0.0066 

0.350 

0.881 

62,370 

70,170 

77,970 

8>^ 

8>2 

7>2 
7>2 

/  ^1-  51.^ 
Ui-  8 
/?8-  5 
I  M-  7>i 

/  H-  4H 
U^-  7 
/H-  4 
I  ya-  6K 

0.67 
0.74 

90 
90 

0.0074 
0  .0082 

0.372 
0.387 

0.876 
0.871 

70,430 

79,230 

88,040 

73,950 

85,320 

91,010 

8>2 

TA 

J  ?4-  6>i 

I  Va-  8y2 

I  Ji-  8 

0.85 

90 

0.0094 

0.407 

0.864 

77,140 

89,010 

94,940 

8>.i 

7>2 

i  ?4-  5Ji 
1  J^-  7?i 

/  58-  5>i 
I  ?i-  7>4 

0.92 

90 

0.0102 

0.420 

0.860 

79,240 

91,430 

97,520 
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Table  10 


Cubic 

feet  in  one  linear  foot  of  beam  when  beam  widths  are  as  follows: 

Depth          _ 

(inches) 

6 

8 

9 

10 

11 

12 

13 

14 

15 

16 

8 

0.3 

3           0.44 

0.50 

0.56 

0.61 

0.67 

0.72 

0.78 

0.83 

0.89 

9 

0.3 

8           0.50 

0.56 

0.62 

0.69 

0.75 

0.81 

0.88 

0.94 

1.00 

10 

0.4 

2           0.56 

0.62 

0.69 

0.76 

0.83 

0.90 

0.97 

1.04 

1.11 

11 

0.4 

6           0.61 

0.69 

0.76 

0.84 

0.92 

0.99 

1.07 

1.15 

1.22 

12 

0.5 

0           0.67 

0.75 

0.83 

0.92 

1.00 

1.08 

1.17 

1.25 

1.34 

13 

0.5 

i          0.72 

0.81 

0.90 

0.99 

1.08 

1.17 

1.26 

1.36 

1.45 

14 

0  5 

3           0.78 

0.88 

0.97 

1.07 

1.17 

1.26 

1.36 

1.46 

1.56 

15 

0.6 

3          0.83 

0.94 

1.04 

1.15 

1.25 

1.36 

1.46 

1.56 

1.67 

16 

3.6 

7           0.89 

1.00 

1.11 

1.22 

1.33 

1.45 

1.56 

1.67 

1.78 

17 

0.7 

1           0.94 

1.06 

1.18 

1.30 

1.42 

1.54 

1.65 

1.77 

1.89 

•     18 

0.7 

5           1.00 

1.12 

1.25 

1.38 

1.50 

1.62 

1.75 

1.88 

2.00 

19 

3.7 

3           1.06 

1.19 

1.32 

1.45 

1.58 

1.72 

1.85 

1.98 

2.11 

20 

3.8 

i           1.11 

1.25 

1.39 

1.53 

1.67 

1.81 

1.94 

2.08 

2.22 

21 

1.17 

1.31 

1.46 

1.60 

1.75 

1.90 

2.04 

2.19 

2.34 

22 

1.22 

1.37 

1.53 

1.68 

1.83 

1.99 

2.14 

2.29 

2.44 

23 

1.28 

1.44 

1.60 

1.76 

1.92 

2.08 

2.24 

2.40 

2.56 

24 

1.33 

1.50 

1.67 

1.83 

2.00 

2.17 

2.33 

2.50 

2.67 

25 

1.39 

1.56 

1.74 

1.91 

2.08 

2.26 

2.43 

2.60 

2.78 

26 

1.44 

1.62 

1.80 

1.99 

2.16 

2.35 

2.53 

2.71 

2.89 

27 

1.50 

1.69 

1.87 

2.06 

2.25 

2.44 

2.62 

2.81 

3.00 

28 

1.55 

1.75 

1.94 

2.14 

2.33 

2.53 

2.72 

2.92 

3.11 

29 

1.61 

1.81 

2.01 

2.22 

2.42 

2.62 

2.82 

3.02 

3.22 

30 

1.67 

1.87 

2.08 

2.29 

2.50 

2.71 

2.92 

3.12 

3.34 

31 

1.72 

1.94 

2.15 

2.37 

2.58 

2.80 

3.01 

3.23 

3.44 

32 

1.78 

2.00 

2.22 

2.44 

2.67 

2.89 

3.11 

3.33 

3.56 

Note. — For  concrete  weighing  150  lb.  per  cu.  ft.  convert  cu.  ft.  in  table  into  lb.  per  lin.  ft.  by  adding  half  of 
itself  to  any  given  quantity  and  shifting  decimal  point  two  places  to  the  right. 
Example. — Beam  10  X  18  in.  =  1.25  cu.  ft.  per.  lin.  ft. 

1.25  +  (H  X  1.25)  =  1.88  =  1881b.  per  lin.  ft. 
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Diagrams  4  and  5. 

Use  for  T-beams.     Values  of  k  and  ;  for  various  percentages  of  steel.     Based  on  n  =  12. 


Values  of  ^  Values  of  ^ 

Diagrams  6  and  7. 

Use  for  T-beams.     Values  of  k  and  /  for  various  percentages  of  steel.     Based  on  n  =  15. 

.1  Z  .3 
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values    of   -^ 
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Diagram  8. 
Use  to  Locate  Points  for  Bending  Reinforcement. 
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43.  Reinforced  Concrete  Stairs. — Reinforced  concrete  on  account  of  its  fireproof ness 
permanency  and  adaptability,  has  become  a  very  common  material  for  use  in  the  construction 
of  stairs  and  platforms,  and  has  superseded  to  no  little  e.xtent  the  use  of  steel  and  iron  in  stair 
construction  in  many  types  of  buildings. 

The  most  essential  requirement  of  a  stairway,  with  the  exception  of  strength,  is  fireproof- 
ness,  which  will  insure  a  safe  and  uninterrupted  exit  in  the  event  of  fire.  Stairway  shafts 
should  be  enclosed  with  fireproof  partitions  or  walls  having  fire  underwriters'  labeled  automatic 
firedoor  entrances. 

Stairways  are  usually  designed  with  short  straight  flights,  with  one  or  two  intermediate 
platforms.  Long  uninterrupted  flights  without  platforms  from  one  floor  to  that  of  another 
are  objectionable  and  seldom  employed. 

43a.  Design. — The  design  of  a  reinforced  concrete  stairway  embodies  the  sim- 
plest form  of  non-continuous  solid  slab  construction  with  span  equal  to  the  horizontal  distance 
center  to  center  of  supports.  The  stairway  consists  simply  of  a  solid  slab  with  risers  and  treads 
formed  upon  its  upper  surface.  The  span  of  the  slab  usually  includes  the  stairway  slab  and  a 
platform  between  the  supports.  The  stresses  in  the  latter  type  of  stairway  slabs  are  more  or 
less  indeterminate,  although  the  usual  practice  of  computing  such  irregular  ones  as  freely  sup- 
ported members,  has  given  satisfactory  results  in  every  known  instance. 

The  design  of  stairways  often  presents  awkward  problems  of  arrangement.  The  beginning 
of  the  stairway  slab  usually  rests  upon  a  beam  girder  or  special  incmber  at  the  floor  level,  and 
the  first  platform  is  often  supported  by  an  intermediate  spandrel  beam  or  brick  wall  in  case  of  a 
wall  bearing  building.  When  a  platform  occurs  on  the  interior  of  a  building  (Figs.  47  A  and  4:7  B), 
specially  devised  rod  hangers  are  usually  provided,  suspending  the  edge  of  platform  from  a 
^eam  at  the  floor  above.  Such  hangers  should  be  encased  preferably  in  concrete  and  concealed 
.n  partitions  when  the  same  enclose  the  stairway  (see  Figs.  47  A  and  47  B).  Occasionally  it 
s  required  to  design  a  stairway  of  unusual  span  without  the  opportunity  of  providing  inter- 
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mediate  supports.     In  this  case  inclined  concrete  stringers  or  beams  following  the  rake  of  the 
stairway  and  supporting  one  or  both  sides,  as  conditions  may  dictate,  are  employed  to  lessen 

the  span  of  stair  slab. 

When  a  winding  stairway  consists  of  three  stair  slabs  and  two  platforms,  the  mtermediate 
stair  slab  is  often  supported  directly  by  the  two  platforms  (see  Figs.  48  A  and  48  B).     In  this 


Fig.  47A. 

case  the  upper  and  lower  stair  and  platform  slabs  in  combination  are  designed  to  support  th 
concentrated  load  of  intermediate  stair  slab,  in  addition  to  their  own  dead  and  live  loads. 

Stairways  are  usually  designed  for  a  superimposed  live  load  of  from  40  to  100  lb.  per  hor 
zontal  square  foot,  depending  upon  the  character  of  service  desired.  Theatres  and  publi 
gathering  places  demand  greater  attention  to  the  live  loads  assumed  than  stairways  m  offic 
buildings,  hotels,  warehouses,  etc.,  where  frequent  congestion  is  a  remote  possibility. 
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43&.  Construction  and  Details. — Stairways  are  preferably  poured  at  the  same 
time  as  the  supporting  members.  If  constructed  after  the  floors  have  been  completed,  it  has 
often  proved  better  construction  to  install  the  reinforcement,  properly  spaced,  with  ends  of  bars 


Plan    C-C 
Fig.  47B. 

projecting  a  sufficient  distance  into  the  supporting  members  at  floors,  prior  to  the  pouring  of 
floors,  otherwise  dowels  at  specified  intervals  should  be  inserted  long  enough  to  provide  suitable 
laps  for  stair  rods  when  placed.  In  addition  to  dowels,  rabbets  should  be  formed  by  means  of  a 
wood  strip  secured  to  the  side  of  beam  form,  to  form  a  support  for  the  future  stair  slab. 

The  method  employed  to  finish  the  tread  or  run  of  a  stairway  is  of  considerable  importance 
when  considering  durability  and  safety.     The  finish  of  tread,  being  subjected  to  the  severest 
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FiQ.  484. 
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wear,  should  be  treated  with  one  of  the  recognized  chemical  or  metallic  surface  or  integral  floor 
hardeners  or  else  safety  treads  of  some  desirable  make  should  be  employed  to  render  the  stair- 
way permanent  and  safe  (see  Fig.  49). 


Section  "a -A" 

Fig.  48S. 

The  rise  of  a  stair  represents  the  distance  from  the  top  of  one  step  to  the  top  of  the  next 
and  the  run  the  horizontal  distance  from  the  face  of  one  riser  to  the  face  of  the  next.     The  cus- 
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tomary  rise  employed  varies  from  63^  to  7}i,  in.  and  the  run  from  10^  to  11  in.  A  rise  greater 
than  73"^  is  objectionable  and  results  in  making  a  stairway  too  steep  for  comfort  and  safety 
(see  Fig.  50). 

At  the  upper  juncture  of  risers  and  treads,  sharp  or  angular  comers  should  be  avoided  in 
the  case  of  cement  finish.     Rounded  nosings  of  cement  are  more  desirable  in  the  absence  of 


reralun  Arrfi 
Slip  tread. 


Fig.  49. 


metallic  treads,  marble,  etc.     When  cement  finishes  are  used,  the  same  should  be  applied  soon 
after  the  stair  is  poured  (see  Fig.  51). 

The  railing  most  commonly  used  consists  of  a  2-in.  gas  pipe  rail  with  stanchions  at  proper 
intervals  to  insure  rigidity.  The  stanchions  are  usually  secured  in  pockets  provided  by  wood 
plugs  placed  prior  to  pouring  of  concrete,  or  by  means  of  expansion  bolts. 


TjUe  of  risers  and  treads 
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Fig.  51. 


Concrete  railings  are  often  used  where  open  railings  are  undesirable.     This  form  of  railing; 
consists  of  a  reinforced  concrete  slab  3  to  4  in.  thick  with  provision  for  a  wood  hand  rail  secured 
to  the  top.     The  hand  rail  should  be  placed  on  an  average  of  about  2  ft.  6  in.  above  the  tread; 
on  a  line  vertical  with  the  face  of  riser. 


WOODEN  GIRDERS 
By  Henry  D.  Dewell 

The  loads  coming  upon  the  girders  of  a  floor  system  consist  of  the  loads  delivered  by 
the  floor  joists,  plus  the  weight  of  the  girders  themselves,  plus  anj'  loads  coming  directly 
upon  the  girder,  as  distinguished  from  loads  transmitted  by  the  joists.  Girders  often  carry 
partition  loads  directly. 

In  office  buildings,  dwelling  houses,  and  certain  areas  of  other  buildings,  exclusive  of 
warehouses  and  storage  buildings,  where  crowds  of  people  cannot  congregate,  the  live  load 


Sec.  2-44! 


STRUCTURAL  MEMBERS  AND  CONNECTIONS 


175 


S»9^ 


^3: 


E.^.^ 


Fig.  53. — Built-up  girder — type  (2). 


coining  upoii  the  girders  is  reduced  in  intensity.     The  reduction  factor  is  specified  in  building 
ordinances,  and  is  usually  taken  as  20  %. 

Horizontal  shear  at  the  ends  of  girders  often  governs  the  girder  section,  as  in  the  case  of  short 
spans  with  heavy  loading,  and  this  stress  should  always  be  checked. 

The  end  connections  of  girders  are  of  much  more  importance  than  the  end 
connections  of  joists,  as  the  girders  of  a  building,  together  with  the  posts,  usually 
form  the  stiffening  frame  of  the  building  against  lateral  forces.  Particular  atten- 
tion also  needs  to  be  paid  to  the  design  of  the  support  of  wooden  girders,  as 
failure  of  a  girder  would  mean  the  probable  collapse  of  at  least  a  whole  floor  bay. 
Wooden  girders,  even  if  continuous  over  two  spans,  are  generally  computed 
as  simple  beams. 

The  detail  of  end  connection  of  girders  will  depend  on  the  type  of  building.  If  such  building 
is  of  mill  construction  with  heavy  masonry  walls,  the  wall  ends  of  girders  should  be  encased 
in  wall  boxes,  the  inner  end  connections  designed  to  allow  the  girders  to  fall,  in  case  of  fire, 
without  pulling  the  columns  with  them.     In  other  types  of  buildings,  as  the  mill  type,  stiff 

rigid     connections    of    girders    to 
posts  may  be  desirable. 

44.  Girders  of  Solid  Section. 
-^The  section  of   wooden   girders 
composed  of  solid  sticks  of  timber 
are    to    be    designed    exactly    as 
treated  under  "Wooden  Beams." 

45.  Built-up  Wooden  Girders. — Built-up  wooden  girders  may  be  divided  into  the  fol- 
lowing types: 

(1)  Girders  constructed  of  planking,  set  side  by  side,  the  width  of  plank  vertical,  as  in 
Fig.  52. 

(2)  Girders  constructed  of  two  or  more  timbers  set  on  top  of  one  another,  but  not  fastened 
together,  as  in  Fig.  53. 

(3)  Girders  constructed  of  two  or  more  timbers  set  on  top  of 
one  another,  and  diagonally  sheathed  with  boards  or  planking,  as 
in  Fig.  54. 

(4)  Girders  constructed  of  two  or  more  timbers  set  on  top  of 
one  another,  and  effectively  fastened  together  by  means  of  hard 
wood  or  metal  keys  or  pins,  combined  with  bolting,  as  in  Fig.  55. 

Tijpe  (1). — A  girder,  or  beam,  of  this  type,  if  all  planking  ex- 
tends the  full  length  of  girder,  is  of  full  nominal  thickness,  and  is 
well  spiked  and  bolted  together.     It  is  generally  given  credit  for 

being  somewhat  stronger  than  a  girder  or  beam  of  solid  section  of   Fiq.  54. — Built-up  girder- 
the  same  dimensions,  since  the  planking  is  assumed  to  be  better  ^  '' 

seasoned  and  freer  from  defects,  particularly  checks,  than  the 

larger  solid  timber.  A  construction  of  this  type  is  often  observed  in  small  buildings  where 
planks  are  more  easily  obtained  than  heavy  timbers,  and  where  the  solid  section  construction 
might  incur  purchase  of  additional  material  by  the  contractor. 
Insufficient  spiking,  lack  of  proper  bolting,  probability  of  planking 
under-running  in  thickness,  thus  giving  an  actual  size  of  finished 
beam  less  than  the  solid  section,  possibility  of  some  planks  being 
spliced,  and  the  probability  of  upper  surface  of  girder  being 
uneven^.e.,  one  plank  projecting  higher  than  another,  giving 
uneven  bearings  for  the  joists — are  practical  reasons  for  always 
advocating  the  beam  of  solid  section.  Incidentally,  no  building 
ordinance  gives  the  built-up  girder  any  advantage  in  strength. 
Solid  sections  should  be  insisted  upon  for  important  beams.  When  it  is  necessary  to  use  this 
type  of  built-up  girder,  provide  two  bolts  at  each  end,  and  pairs  of  bolts  at  intervals  of  2  ft. 
along  the  length  of  beam,  the  size  of  bolts  to  be  not  less  than  ^g  in.,  and  preferably  ^  in. 


-type 


Fig. 


55. — ^One-half  typical  built- 
up  girder — type  (4). 
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Type  (2). — This  type  of  girder  should  never  be  used.  The  strength  of  the  combined 
section  is  practically  no  more  than  the  sum  of  the  strengths  of  the  component  sticks,  each 
stick  acting  as  a  separate  beam.  Even  if  such  a  girder  should  be  constructed  of  planking,  well 
spiked  together,  the  above  statement  of  resulting  strength  would  hold,  as  the  nailing  would  be 
insufficient  to  prevent  one  plank  from  slipping  on  another. 

Type  (3). — In  this  type  of  built-up  girder,  as  in  the  following  type,  the  object  of  all  con- 
nections between  the  component  sticks  (usually  two)  is  to  prevent  relative  motion  along  the 
plane  of  contact.  If  this  condition  of  no-slip  could  be  attained,  the  compound  girder  would 
have  the  strength  of  a  single  stick  of  timber  of  the  same  outside  total  dimensions.  Type  (3) 
is  considerably  less  efficient  than  Type  (4),  both  as  regards  ultimate  strength  and  deflection 
under  load.  The  diagonal  sheathing  is  spiked  to  the  timbers,  and  the  sheathing  should  be  at 
45  deg.  with  the  length  of  girder. 

Tests  made  by  Edgar  Kidwell  (see  Trans.  Am.  Soc.  Mining  Engineers,  1897,  vol.  27)  showed 
an  efficiency  of  approximately  70%.,  based  on  the  ultimate  strength,  as  compared  to  a  beam  of 
solid  section,  while  the  efficiency  factor  based  on  deflection  was  about  50%. 

The  sheathing  for  such  girders  should  be  not  less  than  H4  in.  and  not  over  2  in.  in  thickness. 
With  such  sheathing  the  nails  should  be  10  or  r2-D  for  the  smaller  thickness,  and  20  to  30-D 
for  the  2-in.  sheathing.  For  a  girder  supporting  uniform  load  the  diagonals  near  the  ends 
require  the  most  spikes.  The  spiking  in  each  diagonal  should  be  concentrated  near  the  plane 
of  junction  of  the  timbers,  and  at  the  ends  of  the  diagonals. 

In  designing  a  girder  of  this  type,  it  must  be  remembered  that  the  case  is  not  similar 
to  that  of  a  truss.  In  a  truss  are  two  chords,  in  each  of  which,  due  to  the  small  depth  of  chord 
as  compared  to  the  large  depth  of  truss,  the  stress  is  practically  unifonn  throughout  the  cross 
section  of  each  chord,  and  the  diagonals  take  either  tension  or  compression.  The  side  planking 
in  the  built-up  girder  under  discussion  is  subjected  to  bending  moments,  and,  consequently, 
the  nails  take  uneqvuil  loading.  Any  slip  of  the  nails  under  stress  allows  a  corresponding  slip 
in  the  plane  of  contact  of  the  two  main  timbers,  with  a  consequent  deflection  of  the  girder. 
By  referring  to  p.  239  it  will  be  found  that  nails  under  lateral  or  shearing  strain  slip  at  a 
small  load. 

Type  (4). — In  the  girders  of  this  class,  the  tendency  of  one  timber  to  slip  over  the  other  is 
resisted  by  wedges,  keys,  or  pins  driven  into  the  contact  faces  of  the  timbers.  These  wedges, 
whether  rectangular,  square,  or  round,  perform  their  main  function  through  bearing  against  the 
ends  of  the  fibers  of  the  timbers.  A  second  action  is  pressure  across  the  fibers  of  the  timbers 
The  action  of  these  wedges  tends  to  separate  the  two  timbers,  resulting  in  tension  in  the  bolts 
The  amount  of  such  tension  depends  primarily  upon  the  shape  of  wedge.  For  example,  a 
square  key  will  produce  a  greater  bolt  tension  than  a  rectangular  key  with  long  axis  paralle 
to  the  length  of  girder,  while  a  circular  key  or  pin  will  give  the  greatest  tension  in  the  bolts. 

The  number  and  size  of  keys  is  to  be  determined  directly  from  consideration  of  horizonta 
shear  in  the  girder,  in  accordance  with  the  principles  of  Sect.  1,  Art.  63,  and.  illustrated  in  tht 
typical  example  hereafter. 

The  bolts  in  such  a  girder  are  assumed  to  take  only  tension,  although,  due  to  their  resistance 
to  lateral  forces,  they  add  somewhat  to  the  strength  of  the  girder.  However,  it  is  always  advis- 
able, and  on  the  safe  side,  to  neglect  such  lateral  resistance  of  the  bolts. 

Kidwell's  series  of  tests  on  girders  of  this  type  showed  a  maximum  efficiency  of  75  to  80^ 
of  an  equivalent  girder  of  solid  section,  the  former  figure  representing  girders  with  wliite  oai 
keys  and  the  latter  figure  with  keys  of  iron. 

Any  shrinkage  in  the  timbers  will  allow  the  component  parts  of  the  girder  to  separate 
with  a  consequent  loss  of  efficiency,  and  an  increased  deflection.  As  fully  seasoned  timbe 
is  not  always  available,  this  type  of  girder  should  be  avoided  for  cases  in  which  the  major  portior 
of  the  load  is  a  constant  load.  For  situations  in  which  the  girder  carries  live  load  for  the  greate: 
part,  in  v/hich  access  may  be  had  to  tighten  the  bolts  as  the  wood  seasons,  and  when  it  is  reason 
ably  certain  that  such  maintenance  will  be  given,  this  girder  may  be  used  with  confidence 
Obviously,  the  keyed  girder  is  particularly  unsuited  for  such  locations  as  will  prohibit  access 
for  tightening  the  bolts,  as  in  a  floor  system  ceiled  underneath. 
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46.  Examples  of  Design  of  Solid  and  Built-up  Girders. — The  following  typical  examples 
will  illustrate  the  method  of  design  for  the  most  common  cases  that  will  be  encountered : 

Conditions  of  Design: 

Span:  26  ft. 

Loading:  Uniform  load  of  1500  lb.  per  linear  foot. 

One  concentrated  load  of  0000  lb.,  7  ft.  from  left  support. 

One  concentrated  load  of  14,000  lb.  at  center  of  span. 

One  concentrated  load  of  2000  lb.,  9  ft.  from  right  support. 
Timber:  Long  leaf  yellow  pine,  Dense  Structural  Grade. 

The  reactions  are  given  in  Fig.  56  and  the  bending  moment  curves  in  Fig.  57.      The  parabola  of  moments  for 
uniform  load  is  plotted  above  the  base  line,  and  the  polygon  of  moments  for  concentrated  loads  below  this  line. 
The  following  unit  stresses  will  be  used: 

Bending  stress  on  outer  fibers : 1800  lb.  per  sq.  in. 

Longitudinal  shear 175  lb.  per  sq.  in. 

Bearing  across  grain 400  lb.  per  sq.  in. 

Bearing  against  grain 1800  lb.  per  sq.  in. 

Solid  Girder. — Maximum  bending  moment  =  248,100 
ft.-lb.  From  Table  6,  p.  108,  an  18  X  24-in.  girder,  sur- 
faced to  17>2  X  23>2  in.,  has  a  resisting  moment  of 
241,610  ft.-lb.,  which  will  be  near  enough  to  be  used,  or 
a  double  girder  may  be  used.  For  example,  2  —  14  X 
20-in.  sticks  would  have  a  safe  resisting  moment  of 
256,670  ft.-lb.  The  required  cross  section  for  longi- 
tudinal shear  is 


?^(31,600) 


175 


271  sq.  in. 


G.OO0lb. 


14,000  lb.     2,000  lb. 


7-0- »L 6-0" — i^4So"-^LL- 


31.6001b. 


-^6'-0" 


Rif 
29,400fb 


Fig.  56. — Loads  and  reactions  for  girder  of  Art.  56. 


Fig.  57. — Diagram  for  bending  moments  and  spacinc 
of  shear  keys  for  girder  of  Art.  46. 


Either  of  the  above  girders  has  an  excess  of  timber  for  shear. 

Built-up  Girders, — Type  (1)  could  not  be  considered,  as  no  standard  planking  20  or  24  in.  is  made. 

Type  (2)  would  require  2  —  14  X  20-in.  sticks,  one  on  top  of  the  other — an  impractical  consideration. 

Type  (3). — Maximum  bending  moment  =  248,100  ft.-lb.  Using  an  efficiency  factor  of  70%  the  moment  to  be 
designed  for  is  355,000  ft.-lb.     Assume  a  width  of  14  in.      The  required  section  modulus 

(355,000)(]2) 


S  = 


V^ 


1800 
(2370)(6) 


13.5 


2370 


32.4  in. 


Use  2  -  14  X  18-in.  sticks,  finished  section  13>^  X  35  in. 

Use  2X12-in.  sheathing  both  sides,  spiked  with  40-D  nails — detail  similar  to  that  of  Fig.  54. 
Type  (4). — Assume  efficiency  factor  of  80% 

Designing  moment  =  — ^ —  =  310,000  ft.-lb 


S  = 


80 

(310,000)  (12) 
180C 


2070 


Assuming  a  width  of  13>^  in.,  the  required  depth  is  found  to  be  30.2  in.  Use  2  -  14  X  16-in.  sticks,  S4S,' actual 
combined  section  13>^   X  31  in.,  section  modulus  2160. 

A  shear  diagram  is  next  constructed,  as  shown  in  Pig.  58(ra).  Each  ordinate  of  this  diagram  represents  the 
total  vertical  shear  at  the  point  where  the  ordinate  is  taken,  and  this  total  vertical  shear  is  proportional  to  the 
maximum  intensity  of  the  horizontal  shear  at  the  same  point.  Considering  Point  (1),  directly  under  the  concen- 
trated load  of  6000  lb.,  the  total  vertical  shear  just  to  the  left  of  this  point  is  31,600  -  (7)  (1500)   =  21,1001b.     The 

*  Surfaced  four  sides. 
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ordinate  one  foot  to  the  left  will  have  a  value  of  31,600  -  (6)  (1500)  =  22,600  lb.     The  area  of  the  trapezoid  be- 

=  21,850  ft.-lb.     The  maximum  intensity  of   horizontal 


.      ,        ,       22,600  +  21.100 
twceii  these  two  ordinatcs  is  therefore r 

shear  at  a  point  immediately  to  the  right  of  Point  (1),  is 

,,     V         .,       21,100 


76  lb.  per  sq.  in. 


(13H)(31) 

The  next  step  is  to  find  a  means  for  determining  the  proper  spacing  of  keys.     Two  methods  will  be  explained- 
Method  1. — For  this  purpose,  the  total  vertical  shear  between  the  point  of  zero  shear  and  each  point  of  divi- 
sion of  beam  is  computed  by  adding  together  the  differential  shears  between  these  two  points.     The  corresponding 
ordinates  are  drawn,  giving  the  line  ABC  in  Fig.  58(6).      The  summation  of  the  vertical  shears  to  the  left  of  the 

point  of  zero  shear  is  found  to  be  248,050  ft.-lb. ;  agreeing 
with  the  value  of  the  bending  moment,  which  furnishes 
a  check  on  the  work.  Similarly,  the  summation  of 
the  vertical  shears  to  the  right  of  the  point  of  zero  shear 
will  give  the  same  value. 

Since,  for  practical  reasons,  all  keys  will  be  of 
uniform  size,  and  must  therefore  be  stressed  uniformly, 
the  spacing  of  same  must  vary.  The  number  of  keys 
for  the  left  half  of  girder  will  be  taken  at  5. 

Method  2. — A  much  simpler  method  for  con- 
structing the  total  shear  diagram  will  now  be  shown. 
In  Fig.  57  the  dot-dash  line  represents  the  curve  of  the 
total  bending  moment,  the  ordinates  of  this  curve  being 
the  sums  of  the  corresponding  ordinates  of  the  moment 
curves  for  the  uniform  and  concentrated  loadings. 

If  the  horizontal  line  AB  be  drawn  through  the 
apex  of  this  total  moment  curve,  the  latter  curve  re- 
ferred to  the  line  AB  becomes  the  curve  for  the  total 
vertical  shears — in  other  words,  the  figure  ABODE 
becomes  the  total  shear  diagram. 

To  find  the  proper  spacing  of  the  keys  for  the  left 
half  of  beam,  the  vertical  ordinate  (248,100  ft.-lb.)  of 
the  total  shear  diagram  is  divided  into  5  equal  spaces, 
horizontals  drawn  from  these  division  points  to  the 
curve  of  total  shear,  and  vertical  ordinates  drawn  from 
these  intersection  points  to  the  base  line.  These  ordinates  divide  the  area  ABK,  (Fig.  586)  or  ADE  (Fig.  57) 
between  the  curve  and  base  line,  into  5  equal  divisions.  The  points  on  the  girder  thus  found  determine  the  posi- 
tion of  keys.  Referring  to  either  Fig.  58(6)  or  Fig.  57,  the  proper  spacing  of  keys  for  the  left  half  of  the  girder 
is  found  to  be  two  spaces  at  20  in.,  one  at  26  in.,  and  one  at  31  in.  The  spacing  of  keys  for  the  right  of  the  center 
of  girder  may  be  found  in  the  same  manner. 

Girder  with  Rectangular  Keys. — In  the  above  example  the  girder  will  first  be  designed  for  rectangular  cast-iron 
keys.  Assume  5  keys  between  the  left  support  and  the  point  of  zero  shear.  Eacb  key  will  therefore  resist  one- 
fifth  of  the  total  horizontal  shear. 

The  required  dimensions  of  each  key  will  be  determined  from  the  following  consideration, 
upon  the  key  are  shown  in  Fig.  59. 


The  forces  acting 


Let  p'  =  maximum  allowable 
intensity  of  pressure 
against      ends       of 
fibers, 
p"  =  maximum  allowable 
intensity  of  jjressure 
across       fibers      of 
timber. 
t  =  thickness  of  key. 
L  =  length  of  key. 
P"  =  resultant       pressure 
against      fibers     of 


^liMii 


FiG.  59. — Diagram  of  distribution  of  pressures  on  rectangular  key. 


P" 


timber  for  section  of  key  one  inch  in  width, 
resultant  pressure  across  fibers  of  timber  for  section  of  key  one  inch  in  width. 


Then 


Whence 


>-{i) '  ■■■■  C,'-) 

'-'=(9(1) 

'"(i)(5)=r(i)(io 
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p'r- 

P"L^- 

4 

C 

L2 

= 

Gp't^ 
4p" 

3          ?)'<2 

2  ■    p" 

L 

= 

1.225  i 

>i; 

For 


Whence 

The  total  horizontal  shear  is 


p'  =  ISOO,  and  p"  =  400 
\j'^  =    VrE  =  2.12 

L  =  (1.225)(2.12)/:  =  2.6 
(3/2)(?i|^0)  (12)  =  144,000  1b. 


Each  liey  must  therefore  resist  28,800  lb.     At  1800  lb.  per  sq.  in.  in  bearing  against  the  grain,  and  with  a  width  of 
key  of   13}^  in.,  one-half  the  depth  of  key  must  be 

^^-/-5'->H^•<f-*^^^-2■'- 


28,800 


=  1.19  in.,  or  the  total  thickness  of  key 
The  minimum  length  of  key  must 


/-/"- 


bolt  will  then  be  }i- 


Fig.  60. — Detail  of  built-up  girder  with  cast-iron  keys. 
=  4276  lb.,  or  four  J^-in.  bolts  are  required.     Washers  4X4 


(13.5)  (1800) 

must  be  2.38  in, 

therefore  be  2.38  X  2.6  =  6.19  in. 

The  minimum  distance  between  keys,  consider- 
28  800 
ing  shear,  must  not  exceed  , .  „,.,', .  ,„,    =  12.2;  adding 

the  width  of  key,  the  minimum  spacing  of  keys, 
center  to  center,  must  not  be  less  than  18J^  in.,  which 
is  less  than  the  smallest  spacing  found. 

The  bolts  for  each  key  should  be  spaced  on  each 
side  of  each  key  and  equidistant  from  the  center  line. 
Assume  four  bolts  for  each   key.     The  stress  in  each 
(P') «/2)    _  j^  (28.800) (2.375) 
2/3L      "  '■'■     (2/3)  (6)  (2) 
X  Ke  in.  will  be  used. 

The  detail  of  the  left  half  of  the  girder  is  shown  in  Fig.  60. 

Girder  with  Circular  Shear  Pins. — For  this  design  circular  pins,  2-in.  in  diameter,  of  solid  iron,  extra  heavy  steel 
pipe,  Australian  Ironbark  or  Hawaiian  Ohia  will  be  used.  Each  pin  will  be  considered  capable  of  resisting  a  shear 
of  800  lb.  per  linear  inch  of  pin.     With  a  13J-2-in.  length  of  pin,  therefore,  one  pin  will  have  a  resisting  value  of  13J-^ 

144,100 
X   800    =    10,800  lb.     Since  the   total   horizontal  shear  is  144,000,  the  total  number  of  pins  required  is     .^  „„„ 

=  14.4.  Dividing  the  end  ordinate  into  15  divisions 
and  proceeding  as  before,  it  will  be  found  that  the 
minimum  spacing  of  the  pins  near  the  end  of  the  girder 
is  6  in.  The  spacings  of  all  pins  for  the  left  half  of 
girder,  commencing  at  the  center  line  of  support  of 
girder,  are  as  follows:  2  spaces  at  6  in.;  6  spaces  at  7 
in.;  1  space  at  8  in.;  1  space  at  9  in.;  1  space  at  10  in.; 
1  space  at  13  in. ;  1  space  at  16  in. ;  and  one  space  at  19 
in.  For  each  pin  there  will  be  required  bolts  sufficient 
in  tension  for  10,800  lb.  Two  54-in.  bolts  will  be  used, 
with  4  X  4  X  Ke-in.  washers.  The  detail  of  one-half 
of  girder  is  shown  in  Fig.  61. 


Je'/Drf/n  heavy  pipe  pins-' 
- 13'-0' 


e-i'^Boifs 

4'A4"j(^"V\^hers 


FiQ.  61. — Details  of  built-up  girder  with  circular  shear  pins. 


47.  Flitch-plate  Girders. — A  flitch-plate  girder  is  a  combination  girder  of  timber  and  steel, 
composed  of  two  sticks  of  timber  with  a  steel  plate  between  them,  or  three  sticks  of  timber  with 
two  steel  plates,  bolted  together,  the  contact  planes  between  timber  and  steel  plate  being  parallel 
to  the  plane  of  bending  (see  Fig.  62). 


This  combination  girder  is  seldom 
used  at  the  present  time,  the  usual 
availability  of  steel  structural  shapes 
making  the  flitch-plate  girder  prac- 
tically obsolete.  Situations  may 
sometimes  exist,  however,  when  the 
use  of  this  type  of  girder  may  be 
warranted. 


P.-^-<7- 


-2-0"- 


-BV- 


3,  ■<  'xl6"l-imbers 


-Z-0"- 


-2'-0"- 


Section 
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I 

^ '  '"^{Sy'sh  vl  p/a/esj 


M 


(2^ 


ESolts-i":  standard  malleable  rrashers 


4 


-IZ'-O'- 


Fia.  62.- 


Ha/f  Eleva+ion 
-Detail  of  flitched-plate  girder. 


Consider  any  plane  cross-section  of  such  a  combination  girder:  the  deflection  and  also  the 
deformation  of  all  points  in  such  section  on  a  line  normal  to  the  plane  of  bending  must  be  the 
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same.     Since  the  modulus  of  elasticity  is  the  ratio  of  stress  to  deformation,  it  follows  that 
the  extreme  fiber  stresses  of  timber  and  steel  will  be  in  proportion  to  their  moduli  of  elasticity, 

f.  E. 
where  the  subscripts  "i"  and  "s"  represent  timber  and  steel,  respectively.  This  relation 
of  extreme  fiber  stresses  means  practicallj^  that  with  the  steel  plate  working  efficiently  (extreme 
unit  fiber  stress  of  16,000  lb.  per  sq.  in.)  the  limiting  extreme  unit  fiber  stress  in  the  timbers  is 
approximately  i^g  to  y^Q  of  the  allowable  working  stress  for  steel.  In  the  case  of  a  flitch-plate 
girder  of  long-leaf  yellow  pine  and  steel,  the  timber  would  be  stressed  to  approximately  900 
lb.  per  sq.  in.  The  timber  is  therefore  working  at  an  efficiency  of  about  50%,  while  that  steel 
plate  in  the  rectangular  section  is  only  approximately  55%  efficient  as  compared  to  an  I-beam 
of  equal  depth  and  weight. 

As  an  illustration  of  the  computation  for  the  strength  of  a  flitch-plate  girder,  assume  a  girder  composed  of  3  — 
4  X  16-in.  timbers  of  No.  1  Common  Douglas  fir  (finished  section  3H  X  15>2  in.),  with  two  J^  X  15M-in.  steel 
plates  between  the  timbers.  With  a  span  of  24  ft.,  it  is  desired  to  find  the  safe  load,  uniformly  distributed,  that  the 
girder  will  support. 

Maximum  allowable  unit  fiber  stress  in  timber  =  1500  lb.  per  sq.  in. 

Maximum  unit  fiber  stress  for  steel  plate  =  16,000  lb.  per  sq.  in. 

E  for  Douglas  fir  =  1,600,000 

E  for  steel  =  29,000,000 

Therefore,  for  flitch-plate  girder,  the  maximum  unit  fiber  stress  in  bending  can  be  only    '   _    '   _  „  _    (16,000)    =  880 

^y ,  uoo,  uuu 

lb.  per  sq.  in. 

The  resisting  moment  of  the  three  timbers  in  foot-pounds  (see  Sect.  1,  Art.  61d)  is 

M       l/^)o/l\        (880)  (10.5)  (240)        ,„„„„,,,, 

The  resisting  moment  of  the  two  steel  plates  is 

M       '^  fhi''   f'^\        (16,000)  (0.75)  (240) 

^=6  ^^'^-   (12)  =  (6KT2) =  ^°'*^00  ^^■-^^- 

The  combined  resisting  moment  is  therefore 

30,800  -I-  40,000  =  70,800  ft. -lb. 
M  =  i/i  WL  =  70,800  ft.-lb. 
^^(70,800)(8)^33^P^,^ 
24 

The  detail  of  this  girder  is  shown  in  Fig.  62.  The  timbers  and  steel  of  the  flitch-plate  girder  shoxild  be  well 
bolted  together;  such  bolting  should  consist  of  not  less  than  two  ?4-in.  bolts,  2-ft.  centers. 

In  designing  a  flitch-plate  girder  for  a  definite  span  and  loading,  the  thickness  of  timber  should  be  from  16  to 
18  times  the  thickness  of  steel. 

48.  Trussed  Girders. — For  situations  in  which  the  span  or  loading,  or  both,  are  too  great 
for  a  girder  of  single  timber  section,  the  trussed  girder  type  is  effective,  if  space  limitations  will 
allow  its  use.  The  trussed  girder  is  preferable  to  either  the  built-up  or  deepened  girder,  or 
to  the  flitch-plate  girder,  principally  on  account  of  its  efficiency  and  reliability  of  action.  In  the 
trussed  girder  no  fear  need  be  entertained  as  to  decrease  of  initial  efficiency  or  increase  of  de- 
flection from  initial  conditions,  due  to  shrinkage  of  timber,  with  consequent  slip  of  fastenings. 

Trussed  girders  may  be  divided  into  four  types,  as  follows: 

(1)  King  Post  trussed  girder. 

(2)  Queen  Post  trussed  girder. 

(3)  Reversed  King  Post  trussed  girder. 

(4)  Reversed  Queen  Post  trussed  girder. 

These  types  are  illustrated  in  Figs.  63,  64,  65  and  66. 

TruFsed  girders  are  adapted  particularly  for  either  uniform  loading  or  concentrated  loads 
situated  symmetrically  with  respect  to  the  center  line  of  girder.  Both  the  Queen  Post  girder 
and  the  Reversed  Queen  Post  girder  are  unsuited  for  unsymmetrical  loading.  Since  each  con- 
tains a  rectangular  panel,  loading  unsymmetrical  in  distribution  with  respect  to  the  center 
line  of  girder  \vill  cause  bending  stresses  in  the  joints  of  the  girder,  which  cannot  take  such 
stresses. 


Sec.  2-4S] 


STRUCTURAL  MEMBERS  AND  CONNECTIONS 


181 


The  determination  of  the  stresses  in  a  trussed  girder  is  a  problem  in  least  work.     For 
practical  purposes  the  following  approximate  formulas  are  sufficient: 

Uniformly  Distributed  Loading: 

Figs.  63  and  65.      (King  Post  and  Reversed  King  Post  types) 

Tension  in  DB  (Fig.  63)  or  compression  in  BD  (Fig.  65)  =  ^iW 

Wl 
Tension  in  AB  and  BC  (Fig.  63)  or  compression  in  AB  and  BC  (Fig.  65)  =  ^2-^ 

Wa 
Compression  in  AD  and  DC  (Fig.  63)  or  tension  in  AD  and  DC  (Fig.  65)  =  He-f-- 

To  the  stresses  thus  found  in  members  AB  and  BC,  must  be  added  the  flexural  stresses  resulting  from  these 
members  acting  as  beams  carrying  the  uniform  loading  between  A  and  B,  and  B  and  C. 


Fig.  63. — King  post  girder. 


The   bending    moment  in  inch  pounds  in  AB  and  BC  is  M  =  (l/8)(Tf/2)(Z/2)(12) 
fOAbd'^).     The  maximum  unit  flexural  stress  is,  therefore, 

2.25WI 


Xe-§     .tf   /^> 


Fig.  64. — Queen  post  girder. 

Wl;  also  M  =  fS 


f 


bd^ 


Figs.  64  and  66.     (Queen  Post  and  Reversed  Queen  Post  types) 

Tension  in  FB  and  EC  (Fig.  64)  or  compression  in  BF  and  CE  (Fig.  66)  =    ^VioW 

Wl 
Tension  in  AB,  BC  and  CD  (Fig.  64)  or  compression  in  AB,  BC  and  CD  (Fig.  66)  =   ^Ho^ 

Wl 
Compression  in  FE  (Fig.  64)  or  tension  in  FE  (Fig.  66)  =   '>^o^— 


Compression  in  AF  and  ED  (Fig.  64)  or  tension  in  AF  and  DE  (Fig.  66) 


=   1X4.^ 


As  in  the  king  post  truss,  to  the  unit  stress  in  the  members  AD  from  the  formula  above  must  be  added  the 
flexural  stress  due  to  the  timber  acting  as  a  beam.     The  extreme  fiber  stress  due  to  this  bending  may  be  taken  as 

m 


f 


bd^ 


Fig.   65. — Reversed  King  post  girder. 


Fig.  66. — Reversed  Queen  post  girder. 


Concentrated  Loading: 

Figs.  63  and  65.      (King  Post  and  Reversed  King  Post  types) 
Concentrated  load  P  at  center  of  span. 

Tension  in  DB  (Fig.  63)  or  compression  in  BD  (Fig.  65)  =  P 

PI 
4A 
Pa 
2h 


Tension  in  AB  and  BC  (Fig.  63)  or  compression  in  AB  and  BC  (Fig.  65)    = 
Compression  in  AD  and  DC  (Fig.  63)  or  tension  in  AD  and  DC  (Fig.  65)  = 


Obviously,  there  are  no  flexural  stresses  in  this  case  to  be  added  to  the  primary  stresses  found  above. 
Figs.  64  and  66.      (Queen  Post  and  Reversed  Queen  Post  types) 
Concentrated  load  P  a,t  B  and  C 

Tension  in  FB  and  EC  (Fig.  64)  or  compression  in  BF  and  CE  (Fig.  66)  =  P 

h 
i-iPl 

h 
Pa 
h 
The  stresses  resulting  from  these  formulas  are  all  that  need  to  be  considered. 


Tension  in  AB,  BC  and  CD  (Fig.  64)  or  compression  in  AB,  BC  and  CD  (Fig.  66) 

Compression  in  FE  (Fig.  64)  or  tension  in  FE  (Fig.  66)  = 
Compression  in  AF  and  ED  (Fig.  64)  or  tension  in  AF  or  ED  (Fig.  66) 
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48a.  Details  of  Trussed  Girders. — In  the  girders  of  Figs.  63  and  64,  the  vertical 
members  only  are  of  iron  or  steel,  in  the  form  of  rods.  Since  such  rods  are  short,  plain  rods — 
i.e.,  without  upset  ends — should  be  used.  Attention  must  be  given  to  the  washers,  to  the  end 
that  sufficient  area  be  provided  to  avoid  crushing  the  fibers  of  the  timber.  As  great  a  depth 
as  possible  should  be  given  to  these  girders,  not  alone  to  reduce  the  stresses  and  the  deflection 
but  in  order  that  the  stresses  of  the  end  connections  may  be  kept  within  limits.  With  a  small 
depth  of  girder,  the  inclination  of  the  members  AD  and  DC  of  Fig.  63,  and  AF  and  ED  of  Fig. 
64  will  be  so  small  that  it  may  be  found  impossible  to  design  connections  at  A  and  C  of  Fig. 
63  and  A  and  D  of  Fig.  64  that  will  hold.  As  a  matter  of  fact,  trussed  girders  of  these  types  are 
seldom  used. 

The  horizontal  timbers  of  the  girders  of  Figs.  65  and  66  may  be  single  sticks  or  double  or 
triple  sticks  of  timber,  spaced  with  a  distance  between  sufficient  to  allow  the  diagonal  rods  to 
pass.  One  or  two  rods  may  be  employed.  The  ends  of  the  timbers  are  usually  beveled  off  at  the 
upper  corners  to  provide  a  scat  for  the  washers  of  the  rods.  The  vertical  struts  may  be  of 
timber  or  of  cast  iron,  and  must  be  sufficient  in  section  to  take  their  stress  acting  as  columns. 
The  unit  bearing  stress  between  the  upper  end  of  the  strut  and  the  chord  timber  must  be  within 
the  allowed  limit  for  cross  bearing.  To  accomplish  this,  the  strut  maj'  be  given  the  area  required 
for  bearing,  or  a  smaller  strut  sufficient  for  column  action  may  be  employed,  and  a  steel  plate 
washer  used.  The  strut  should  be  designed  with  as  wide  a  base  as  possible,  as  there  is  a  tend- 
ency to  pull  the  struts  out  of  line,  when  the  rods  are  tightened.  Similarly,  at  the  lower  end  of  the 
struts,  the  bearing  between  rods  and  the  strut  must  be  examined.  Cast-iron  washers  with 
grooves  for  the  rods,  are  often  used.  To  do  away  with  the  necessity  for  cast  iron  shoes,  square 
bars  are  sometimes  used  instead  of  round  rods,  and  a  flat  steel  washer  placed  at  the  bottom  of 
the  strut,  the  bend  in  the  bars  being  made  just  outside  the  strut. 


ez'xeiyi'HiJsher-^r 


-/2 

Detoil  Bottom  Casf-jng 
Fig.   C7. — Detail  of  trussed  girder. 

Illustrative  Problem. — Required  to  design  a  trussed  girder,  as  shown  in  Fig.  67,  for  a  building  to  be  used  foi 
light  storage;  span  22  ft.,  depth  on  center  lines  3  ft.  4  in.,  loading  uniform  2000  lb.  per  lin.  ft.,  material  dense  South- 
ern yellow  pine  and  steel. 

The  modulus  of  elasticity  of  the  timber  will  be  taken  at  1,200,000,'  the  corresponding  quantity  for  steel  a 
29,000,000.     Assume  dead  weight  of  girder  at  50  lb.  per  lin.  ft.     Then  total  load  per  lin.  ft.   =  2050  lb. 

Total  load  =  (22)  (2050)   =  45,000  1b. 
(5)(45,000)(22) 


Direct  stress  in  beam  AB  =  BC  = 


46,500  lb. 


(32)(3.33) 
Stress  in  strut  BD  =  (J^)  (45,000)  =  28,100  lb. 


Stress  in  rod  AD  =  DC  = 


(5)  (45,000)  (11. 5) 
(16)(3.33) 


=  48,600  lb. 


Length  a  =    \/(ll)2  +  (3.33)2  =  11.5  ft. 

Size  of  rod: 

At  16,000  lb.  per  sq.  in.,  the  required  area  of  rod  is 

48,600 

— =  3.00  sq.  in. 

16,000  ^ 

A  l?i-in.  square  bar  is  required,  upset  at  the  ends  to  2>2  in. 

1  This  low  value  will  be  used  in  computing  deflection,  since  its  assumed  load  is  largely  constant  or  fixetl. 


=  400  lb.  per  sq.  in. 
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Size  of  strut: 

For  bearing  between  the  strut  and  beam  the  area  required  at  300  lb.  per  sq.  iu.  is 

28,100       „^ 

^00"  =  ^^  ''^-  '"■ 

For  the  column,  the  area  required  is 

28,100        _ 
lOOO"    =  2^  sq.  in. 
Size  of  beam: 

M  =  ^MK45|00)(11)^  3^000  ft.-lb. 

Assume  an  8  X  16-in.  timber,  S4S.     The  section  modulus,  from  Table  6,  p.  108,  is  300.31.      The  maximum 
.    (31.000)  (12) 
unit  fiber  stress  is •in?r^ ~  1240  lb.  per  sq.  in. 

Since  the  area  of  section  is  11G.25,  the  direct  stress  is 

46,500 
116.25 

The  maximum  unit  stress  on  the  extreme  fibers  is  therefore 

1240  +  400  =  1640  lb.  per  sq.  in. 
End  washer: 

Angle  between  the  plane  of  the  washer  and  direction  of  the  fibers  of  wood  is 

cot-i  ^— -  =  3.30  =  73  deg. 

Allowable  unit  pressure  by  Diagram  3,  p.  249  =  1200  lb.  per  sq.  in. 
Area  required  is 

48,600       ^„ 

1200"  =  ^^  '^-  '"• 

Add  area  hole,  or  40  +  5.4  =  45.4  sq.  in.  =  total  gross  area  required. 

Side  of  square  washer  =   \/45.4  =  6.75  in. 

The  short  diameter  of  a  square  nut  for  a  23^2-in.  rod  is  Sj-i  in. 

The  maximum  bending  moment  is  along  the  edge  of  nut  when  sides  of  nut  and  washer  are  at  45  degrees,  and 
is  in  amount  9100  in. -lb.  The  full  width  of  plate  along  line  of  edge  of  nut  is  5.67  in.  and,  with  this 
width  and  a  flexural  stress  of  24,000  lb.  per  sq.  in.,  the  required  thickness  of  plate  is  0.64  in. 

Washer  wiU  be  made  6%  X  6?i  X  ^Me  in. 

An  8  X  12-in.  timber  will  be  used  for  the  strut,  and  top  and  bottom  castings  used  as  detailed  in  Fig.  67. 

486.  Deflection. — The  exact  method  for  finding  the  deflection  of  a  trussed  girder  is 
Bi  problem  in  least  work.  An  approximate  solution  will  be  illustrated  below.  In  the  example  of 
Pig.  67,  assume  the  average  depth  between  center  line  of  the  8  X  16-in.  beam  and  the  center 
line  of  rod  as  ^^th  total  depth,  or  25  in.  This  dimension  is  the  depth  at  the  third  point  of  the 
length  of  girder.     Compute  the  equivalent  moment  of  inertia  of  the  girder  at  this  point. 

Area  8  X  16-in.  timber  =  (7>2)(15>2)  =   116  sq.  in. 

Equivalent  area  in  steel  =  (^^S)  (^g^^OoW))   ^  '*'^^  ^^'  *"' 

Area  lJ4-in.  square  bar  =  3.06  sq.  in. 

These  equivalent  areas  are  25  in.  on  centers.     Then  center  of  gravity  of  combined  sections  ia 

25  -^P=  9.7  in. 

jelow  center  line  of  the  8  X  16-in.  beam. 
Moment  of  inertia  of  combined  section: 

(4.81)(9.7)2  =     452.5 
(3.06)(25  -  9.7)2  =     716.0 


1168.5 


T.   „     ,.  5Wl'  (5)  (45.000)  (18,.399,744)  . 

Deflection   =    g^j^^    =  (384)  (29,000,000)  (1168.5)  =  ^'^^^  '"  '  ^^^  ^^^  "^• 

It  must  be  realized  that  this  method  is  appro.\imate  only,  the  principal  indeterminate  fac- 
■or  being  the  assumed  average  depth.  For  the  case  of  the  reversed  Queen  Post  type,  the  depth 
ihould  be  taken  as  the  distance  between  the  center  line  of  beam  and  the  center  line  of  the  hori- 
lontal  rods. 


184  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec.  2-41 

PLATE  AND  BOX  GIRDERS 

By  Alfred  Wheeler  Roberts 

For  long  spans  and  heavy  loads,  which  are  excessive  for  the  rolled  sections  of  beams  anc 

girders,  plate  or  box  girders,  built  up  of  plates  and  angles,  are  used.     The  most  simple  form  o 

plate  girder  is  composed  of  one  web  plate  and  four  angles,  as  shown  in  Fig.  68.     Another  form  o 

the  plate  girder  is  one  with  flange  plates,  as  shown  in  Fig.  69. 

For  methods  of  determining  reactions,  moments,  shears,  and  moment  of  inertia  of  sections 

see  chapters  in  Sect.  1.     See  also  the  chapter  on  "Steel   Shapes  and  Properties  of  Sections' 

in  Sect.  2.     Steel  beams  and  beam  girders  are  treated  in  a  preceding  chapter.     Riveting  i 

treated  in  the  chapter  on  "Connections  Between  Steel  Members." 

49.  Determination  of  Resisting  Moment. — There  are  two  general  methods  use< 

11  in  determining  the  resisting  moment  of  plate  and  box  girders.     The  accurate  methoi 

which  is  much  to  be  preferred  in  all  cases  for  heavy  shallow  girders,  is  called  th 

moment  of  inertia  method.     In  this  method  the  procedure  is  the  same  as  for  determin 

_IL.      iiig  the  resisting  moment  of  a  simple  rolled  beam.     The  moment  of  inertia  is  figure 

„  for  the  total  net  section  of  the  member  and,  from  that,  the  moment  of  resistance  c 

Fig.  68.  . 

section  modulus. 

The  approximate  or  chord  stress  method  assumes  that  the  tensile  and  compressive  stresst 
are  distributed  uniformly  over  the  entire  area  of  the  tensile  and  compressive  flanges  respectiveh 
The  moment  arm  of  the  couple,  or  "effective  depth, "  then,  is  the  distance  between  the  centei 
of  gravity  of  the  flange  sections. 

There  is  absolutely  no  doubt  but  that  the  web  takes  some  of  the  bending  and  relieves  tl: 
flanges.  Consequently,  most  specifications  permit  j^  of  the  gross  area  of  the  web  to  be  counte 
at  the  center  of  gravity  of  each  flange  section.  For  shallow  girders,  it  is  customarj^  to  desig 
by  the  approximate  method  and  then  check  the  design  by  the  moment  of  inertia  method. 

50.  The  "Web. — The  depth  of  a  girder  is  governed  by  the  width  of  the  web  plate  and  to  pr< 
duce  the  minimum  deflection  should  not  be  less  than  JI2  of  the  span.  Some  authorities,  hov 
ever,  permit  Hs  to  J-^o  of  the  span  for  depth.  If  these  ratios  are  used,  care  should  be  take 
that  there  is  sufficient  metal  in  the  flanges  to  reduce  the  deflection.  The  web  should  have  sufl 
cient  sectional  area  to  take  all  the  vertical  shear,  which  is  maximum  at  the  supports,  and 
generally  figured  at  10,000  lb.  per  sq.  in.  on  the  gross  area  of  web.  Many  specifications  give 
value  for  shear  based  on  the  net  section.  The  net  area,  which  takes  into  account  the  hol« 
caused  by  rivets  in  the  end  stiffcners,  is  sometimes  assumed  as  ^^  the  gross  area.  In  the  illu: 
trative  problems  of  this  chapter,  a  shear  of  10,000  lb.  per  sq.  in.  is  allowed  on  the  exact  net  sectioi 

The  thickness  of  web  plates  should  be  not  less  than  }ieo  of  the  unsupported  distance  b< 
tween  flange  angles  and  not  less  than  ^{q  in.  thick. 

Since  edges  of  the  web  plates  are  not  likely  to  be  straight  unless  planed,  the  back 
of  the  flange  angles  are  usually  set  J-^  in.  beyond  the  edge  of  the  plate. 

51.  The  Flanges. — The  tension  flange  should  be  designed  to  have  sufficient  net 
section  to  take  the  tensile  stress,  allowing  from  14,000  to  16,000  lb.  per  sq.  in.  in  the 
extreme  fiber.     An  allowable  stress  of  16,000  lb.  is  quite  generally  used  in  designing   p^^   gg 
by  both  the  moment  of  inertia  and  chord  stress  methods. 

The  compression  flange  for  ordinary  cases  should  not  have  less  gross  area  than  the  tensio 
flange  and  should  not  have  an  unsupported  lateral  length  of  more  than  30  times  its  widt 
(see  Art.  16e). 

If  the  A.R.E.A.  column  formula  (see  Sect.  1,  Art.  97)  is  taken  as  a  basis,  and  allowanc 
made  for  the  bracing  effect  of  the  web  in  a  horizontal  direction  (see  also  Art.  16<?),  the  maximui 

stress  in  compression  flange  should  not  be  more  than  16,000  —  2OO7-  and  not  to  exceed  14,00 

lb.  per  sq.  in.  for  girders  with  angles  only  or  with  angles  and  flange  plates.     In  the  formul 
L  =  unsupported  length  and  b  =  width  of  flange.   . 

If  the  flange  has  a  channel  in  place  of  a  flange  plate,  or  if  it  has  reinforcing  angles  rivete 
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Bearing  p/a*i 


Fia,  70. 


to  the  general  flange  angles,  thus  congregating  a  mass  of  metal  on  the  extreme  edges  of  the 

section,  it  is  permissible  to  stress  it  up  to  16,000  —  150,-  but  not  to  exceed  14,000  lb.  per  sq.  in. 

In  proportioning  members  to  make  up  flange  sections,  it  is  desirable,  if  possible,  to  put  at 
least  one-half  the  total  flange  area  required  in  the  chord  angles.  A  flange  should  never  be 
proportioned  so  that  the  center  of  gravity  is  outside  the  backs  of  the  chord  angles.  As  the  re- 
quired flange  area  varies  with  the  bending  moment,  flange  plates  when  required  may  be  built 
up  of  several  plates  of  different  lengths,  each  one  of  which  needs  be  only  as  long  us,  theoretically 
needed  plus  a  length  at  each  end  which  will  accommodate  sufficient  rivets  to  develop  the 
stress  carried  by  the  plate. 

If  there  is  more  than  one  cover  plate  in  a  flange  section,  it  is  good  practice  to  run  the  plate 
next  to  the  chord  angles  the  full   length,   especially  if  the  girder 
carries  a  wall  or  is  used  as  a   grillage  girder  to  distribute  the  load 
over  a  foundation. 

52.  Stiffener  Angles. — Stiffener  angles  should  be  placed  at  the 
ends  of  girders  and  at  the  inner  edges  of  bearing  plates  and  should 
be  of  suflScient  section  to  take  the  end  buckling  (see  Fig.  70).  They 
should  be  riveted  to  the  girder  with  a  sufficient  number  of  rivets  to 
take  the  vertical  shear. 

To  prevent  buckling  of  the  web  between  supports,  stifTeners 
should  also  be  placed  at  points  of  concentrated  loads  and  at  inter- 
mediate points  when  the  thickness  of  the  web  is  less  than  Y^c,  of  the 
unsupported  distance  between  flange  angles  (see  Fig.  71).  They  should  not,  however,  be 
spaced  farther  apart  than  the  depth  of  the  full  web  plate,  with  a  maximum  spacing  of  5  ft. 
(In  this  connection,  see  Art.  16c.) 

Stiffener  angles  at  ends  of  girders  and  at  points  of  concentrated  loads  should  be  designed  as 
columns  taking  the  shear  or  load  as  the  case  may  be  through  sufficient  rivets  to  transmit  it  to 
or  from  the  web.  In  calculating  these  as  columns,  their  length  is  to  be  considered  as  one-half 
the  depth  of  the  girder.  In  proportioning  the  sizes  of  these  main  stiffeners,  the  outstanding  leg 
should  not  be  less  than  J-ao  of  the  depth  of  the  girder  plus  2  in.  It  is  considered  good  practice 
and  good  construction  to  make  the  outstanding  legs  of  stiffener  angles  1  in.  less  than  the  out- 
standing leg  of  the  chord  angles. 

In  proportioning  the  size  of  intermediate  stiffener 
angles,  which  are  simply  to  prevent  buckling,  there  is  no 
q-co>^rphie  J|f_J  accurate  way  to  determine  their  size,  but  in  common  prac- 
tice they  are  generally  made  the  same  size  as  the  end 
stiffeners  only  of  thinner  metal,  and  the  rivets  are  spaced 
twice  as  far  apart  as  in  the  end  stiffener  angles.  All 
stiffener  angles  should  be  milled  to  bear  top  and  bottom 
against  the  chord  angles  and  although  they  are  sometimes 
crimped  to  avoid  the  use  of  fillers  under  them,  it  is  con- 
sidered by  most  authorities  to  be  better  construction  to 
provide  fillers  under  the  stiffeners  and  avoid  crimping. 
Pjq   7j  53.  Web  and  Flange  Splices. — ^It  sometimes  becomes 

necessary  to  splice  the  web  of  a  girder,  either  on  account  of 
the  excessive  shipping  length  of  the  member  or  owing  to  the  web  plate  being  unobtainable  in 
one  piece.  The  maximum  lengths  at  which  wide  plates  are  obtainable  are  given  in  the  various 
steel  manufacturers'  handbooks.  For  design  of  web  splices,  see  Art.  127.  For  design  of  flange 
splices,  see  Art.  128. 

54.  Web  Riveting. — When  a  girder  is  loaded  there  is  a  tendency  for  the  flange  angles  and 
plates  to  slide  horizontally  past  the  web,  due  to  the  horizontal  shear.  The  horizontal  shear  at 
any  point  along  the  connection  between  flange  and  web  per  linear  inch  of  girder  is  given  by  the 
general  formula  (see  Sect.  1,  Art.  63) 


u( "  V 


8    "    o 
->  o 


j 

J 

1 

I, 

J 

1 

'i 

Vi    = 


VQ 
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in  which  Vi  —  horizontal  shear  per  linear  inch  of  girder. 

V  =  total  vertical  shear  at  section  through  point  under  consideration. 

Q  =  statical  moment  of  the  two  flanges  about  the  neutral  axis  of  girder  at  the  section 

considered. 
/    =  moment  of  inertia  of  entire  cross  section  of  girder  about  neutral  axis  of  girder  at 

the  section  considered. 

The  above  formula  gives  the  horizontal  shear  per  linear  inch.  If  a  load  is  applied  directly  to 
the  top  flange  at  the  section  considered,  under  which  no  stiffener  angles  are  used,  the  rivets 
at  this  point  in  the  top  flange  would  evidently  have  a  vertical  component  of  stress  as  well  as  a 
horizontal  component.  The  vertical  component  to  consider  would  be  the  load  per  inch  of 
girder.  The  stress  to  use  in  determining  the  rivet  pitch  in  such  a  case  would  be  the  resultant 
of  these  two  components. 

In  especially  heavy  and  shallow  girders,  where  the  girder  is  designed  by  the  moment-of- 
inertia  method,  the  rivet  pitch  in  the  web-legs  of  the  flange  angles  should  be  determined  as 
suggested  above.  For  ordinary  conditions,  however,  where  the  chord-stress  or  approximate 
method  is  used,  the  horizontal  shear  per  linear  inch  is  found  by  dividing  the  shear  at  the  section 
considered  by  the  effective  depth  at  that  section.  The  following  simple  formula  may  be  em- 
ployed for  figuring  rivet  spacing  at  any  point: 


_,.          .    ,         effective  depth  X  rivet  value 
Kivet  pitch  =  y 

The  rivet  pitch  at  the  end  of  a  girder  is  usually  assumed  constant  for  a  distance 

equal  to  the  effective  depth  of  the  girder. 

Fig   72  ^^^  number  of  rivets  required  in  the  end  stiffener   angles   and   the   number   of 

rivets  required  for  a  distance  equal  to  the  effective  depth  adjacent  to  the  end  is  identical. 

Rivets  should  not  be  spaced  closer  than  3  diameters  of  the  rivets  apart  or  a  greater  distance 

than  16  times  the  least  metal  thickness,  with  a  maximum  of  6  in.  on  centers. 

In  designing  plate  or  box  girders,  the  spacing  of  rivets  should  be  investigated  to  make  sure 
that  the  section  can  be  developed  for  the  shear,  as  in  many  cases  girders  are  designed  which 
-cannot  be  properly  riveted. 

55.  Flange  Riveting. — Cover  plates  should  be  riveted  at  their  ends  with  rivets  spaced  from 

2}i  to  3  in.  on  centers  to  develop  the  stress  which  the  plate  is  taking.     Some  speci-    . 

fications  call  for  the  member  to  be  fully  developed  in  rivets.     The  rivets  in  the  re-        ' 
mainder  of  the  plate  should  be  spaced  not  over  16  times  the  least  metal  thickness 
and  not  over  6  in.  on  centers  in  a  direction  parallel  with  the  line  of  stress.     The 
maximum  edge  distance  for  any  rivet  should  not  be  greater  than  8  times  the  least        ■ 
thickness  of  metal  and  not  over  6  in.     The  maximum  distance  apart  in  a  direction  at    -™^ 
right  angles  to  the  line  of  stress,  should  not  exceed  32  times  the  least  metal  thickness. 

56.  Web  Reinforcement. — Web  plates  are  reinforced  against  buckling  with  stiffener  angles, 
as  explained  in  Art.  52.  If  a  girder  has  a  heavy  load  concentrated  near  a  support,  thus  produc- 
ing a  large  amount  of  shear  at  the  support,  it  is  not  economical  to  provide  a  web  the  entire 
length  of  the  girder  capable  of  withstanding  the  maximum  shear.     This  can  be  overcome  by 

reinforcing  the  web  plate  by  the  addition  of  reinforcing  web  plates,  as  shown  in  Fig. 

~l  "in  r~  '72  and  only  extending  this  plate  far  enough  beyond  the  point  where  it  is  needed 
to  develop  it  with  rivets. 

57.  Box  Girders. — For  a  girder  requiring  a  large  amount  of  resistance  to 

shear,  or  a  wide  flange  for  lateral  stiffness  and  for  distributing  of  loads  either  to 

— ^1^  ^   or  from  the  girder,  the  box  girder  is  verj^  effective.     Two  common  types  are  shown 


r 


L 


Fig.  74.  in  Figs.  73  and  74. 
58.  Combined  Stresses. — Probably  the  best  example  of  combined  stresses  due  to  com- 
pression and  lateral  bending  is  the  top  flange  of  a  crane  runway  girder,  which  is  taking  com- 
pression due  to  the  vertical  load  and  is  taking  lateral  bending  due  to  the  cross  travel  of  a  load 
on  the  crane.  The  extreme  fibers  should  be  designed  to  take  the  combined  stress  due  to  direct 
compression  and  compression  produced  by  bending. 
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59.  Information  Regarding  Illustrative  Problems. — Following  are  illustrative  problems 
in  the  design  of  plate  and  box  girders  for  ordinary  conditions.  The  working  stresses  used  are 
taken  for  illustrative  purposes  only.     Other  working  stresses  may  be  substituted. 

Illustrative  Problem.  A  Simple  Plate  Girder  Analyzed  by  the  Two  Methods. — What  is  the  moment  of  resist- 
ance of  a  plate  girder  composed  of  1  web  plate  48  X  J'-i  in.  and  4  angles  6  X  6  X  ?^8  in.,  as  shown  in  Fig.  75? 

Moment  of  Inertia  Method. — The  first  step  is  to  determine  the  moment  of  inertia  of  the  entire  aection  about  the 
axis  x-x,  which  is  taken  through  the  center  of  gravity  of  the  gross  section  (see  Art.  2b). 

Then 

f  4(15.4) 
/  of  4  angles  6  X  G  X  H 

[  4(4.36)(22.61)2  = 
(0.5)(48)3 


7  of  1  plate  48  X  3-2  = 


/  of  2  holes 


(1.25)(0.87)3(2) 
12 

(1.25)(0.87)(2)(22)2 
Total'net  I 


12 
Total  gross  I 

0.137  ]  = 
=  1053.7 


61.0 

8,911.18 

4,608.0 

13,580.78 

1,053.837 


^- 


l^'^ 
^!5 


Then 


Chord  Stress   Method.- 
section. 


=  12,526.95 


8,265,204  in.-lb. 


?i-. 


JiL 


Fig.  75. 


>2(48.5) 
-One-eighth  of  the  gross  area  of  the  web  will  be  considered  available  for  each  flange 


S5,000/b  60.000 /b  Jl5,000lb    70,0001b 

1       I       I       ■ 


\/5-0' \^  /5-0\\^  /5-0"^^/S'-0\\^  /S'-O"^' 


ff,' 

m,ooo 


2  angles  6  X  6  X  ?^   =   (2)  (4.36)   =  8.72 

y^  of  the  area  of  web  plate  =  3.00 

Area  in  compression  flange  =  11.72 

Area  of  hole  in  flange  angles  =  (2)  (0.87)  (0.375)   =  0.65 


116.000 


Fig.  76. 


Then 


M 


Net  area  in  tension  flange  =  11  .07  sq.  in. 
(11.07)  (16,000)  (45.22)   =  8,009,000  in.-lb. 


Illustrative  Problem.  Plate  Girder  with  Flange  Plates. — Make  a  general  design  of  a  plate  girder  to  span  75  ft- 
and  to  support  the  concentrated  loads  shown  in  Fig.  76,  with  a  depth  limited  to  a  6-ft.  web  plate.  Consider  }^ 
of  the  gross  area  of  the  web  plate  as  flange  section  and  assume  that  allowance  has  been  made  in  the  loads  given,  to 
take  care  of  the  dead  weight  of  the  girder  itself.     Reactions  are  shown. 

As  mentioned  in  Art.  50,  the  web  should  not  be  less  in  thickness  than  J-^eo  of  the  clear  distance  between  flange 
angles.     Therefore,  assuming  that  the  flange  angles  will  have  6-in.  legs  against  the  webs,  the  least  thickness  that 

the  web  should  be  made  is  ^r^  =  0  .377  in. — say  ^s  in.  A  72  X  ?^-in.  web  will  be  investigated  for  shear.  Assum- 
ing that  the  girder  will  frame  into  a  column  at  the  supports  by  means  of  the  end  stiffener  angles,  the  number  of  ?i- 
in.  rivets  (5630,  bearing  value  on  %-in.  web)  required  at  the  end  to  take  the  maximum  shear  is 


118,000 
5630 


=  21  rivets. 


The  net  web  area  (allowing  J^-in.  hole  for  a  ?4-in.  rivet)  is 

(72)  (0.375)  =  27.0  sq.  in. 

minus  (21)  (0.375)  (0.875)      =     6.89  sq.  in. 

20.11  sq.  in.  net. 

Then  the  web  will  be  good  for  (20.11)  (10,000)   =  201,100  lb.,  and  is  therefore  good  for  the  shear. 

As  the  point  of  maximum  bending  moment  is  at  the  point  where  the  shear  changes  sign,  M  occurs  at  the  60,- 
000-lb.  load  and  equals  2,535,000  ft. -lb.     Assuming  the  effective  depth  to  be  5  ft.  9  in.,  the  flange  stress  will  be 
'  '     '         =  440,869  lb.     Then  the  flange  area  required  will  be  -7,^7^7,    =  27.55  sq.  in.  net,  and  the  flange  can  be 


5  75 
composed  as  follows: 


16,000 

(H)  (72)  (0.375)  =     3.375 

2  angles  6  X  6  X  K  (minus  2  holes  in  each)   =  16  .400 
1  PI.  14  X  ^Hi  (minus  2  holes)  =     8.421 


28.196  sq.  in. 
The  length  of  the  cover  plate  can  be  determined  either  analytically  or  graphically.  It  can  be  found  analyt- 
ically by  determining  the  point  at  each  side  of  the  section  of  maximum  moment  where  the  chord  angles  and  portion 
of  the  web  considered  as  flange  area  is  sufficient  to  take  the  flange  stress.  The  graphical  method  is  commonly  used 
however,  where  there  are  a  number  of  concentrations.  This  method  is  also  very  convenient  for  a  girder  with  a 
uniform  load  in  which  the  bending  moment  varies  in  the  form  of  a  parabolic  curve. 
For  the  case  in  hand  a  diagram    should  be  plotted,  as  in  Fig.  77. 
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Lay  off  a  line  A-B  to  any  convenient  scale  equivalent  to  the  span  of  the  girder.  Lay  off  points  to  scale  where 
the  different  concentrated  loads  occur,  as  C,  D,  E  and  F.  Calculate  the  bending  moments  at  each  of  these  points 
and  lay  them  off  to  some  convenient  scale  at  right  angles  to  line  AB,  such  as  CG,  DH,  EK  and  FL.  Draw  a  line 
connecting  A,  G,  H,  K,  L,  and  B  which  will  give  the  bending  moment  diagram. 

At  the  maximum  moment  point  D  divide  line  DH  into  as  many  equal  parts  as  there  are  square  inches  in  the 
total  flange  area  and  lay  off  on  this  line  the  proportional  part  of  the  area  contained  in  each  portion  of  the  flange 
section,  such  as  DM  =  area  of  }i  gross  area  of  web  plate,  MN  =  net  area  of  2  angles  6  X  6  X  J^,  and  NH  =  net 
area  of  the  14  X  ^Ke-in.  cover  plate. 

Where  the  horizontal  line  passing  through  point  A^  intersects  the  bending  moment  line  each  side,  will  be  the 
extreme  length  for  whi^h  cover  plate  is  required.  However,  the  plate  should  be  extended  each  side  a  sufficient 
distance  beyond  these  points  to  permit  the  plate  to  be  developed  with  sufficient  rivets  before  it  is  actually  needed 
as  a  part  of  the  girder.  At  each  point  where  the  concentrated  loads  occur  there  should  be  stiffener  angles  of  suffi- 
cient size  and  with  enough  rivets  to  transmit  into  the  web  the  loads  applied. 

The  end  stiffeners  should  be  capable  of  taking  the  end  web  buckling  and  be  riveted  to  the  web  with  sufficient 
rivets  to  take  the  end  shear. 

Since  the  web  is  less  in  thickness  than  Ho  of  the  unsupported  distance  between  flange  angles,  the  girder  must 
be  provided  with  intermediate  stiffener  angles  at  a  distance  not  over  5  ft.  apart  to  prevent  the  buckling  of  the  web. 

Illustrative  Problem.  Box  Girder. — Design  a  box  girder  supporting  two  10-in.  H-columns,  each  carrying  a 
load  of  176,000  lb.  as  shown  in  Fig.  78,  assuming  that  an  allowance  is  made  in  the  loads  given  to  include  the  dead 
weight  of  the  girder.     Ri  =  Ri  -=  176,000  lb.     Af  (max.)   =  3,520,000  ft.-lb. 

As  Hz  of  the  span  is  a  good  proportion  for  the  depth  of  the  web  plate,  assume  that  a  60-in.  web  plate  will  be 
used.  On  account  of  the  manner  in  which  the  loads  are  delivered  to  the  girder  a  double  web  or  box  girder  will  make 
the  best  section  to  use,  placing  the  webs  under  the  flanges  of  the  column. 

Consider  the  design  of  the  web  for  shear.      As  the  reaction  is  176,000  lb.  and  the  allowable  shearing  stress  10,000 

,  176.000         ,  ^         .  .„  , 

lb.  per  sq.  in.,  a  net  area  of  ""7777^  =  1' -o  sq.  in.,  wiU  be 

needed.  The  number  of  rivets  required  in  the  end  stiff- 
ener angles,  to  take  the  end  reaction,  assuming  Ji-in. 
rivets  in  single   shear   (4420  lb.,   shearing  value  of  each 

rivet)  will  be  /o')  f4420^  ^  ^^  rivets  in  each  web.  There- 
fore the  net  width  of  the  web  plate,  allowing  H-in.  hole 
for  a  H-'m.  rivet,  will  be  60  -  (20)  (0.875)  =  42.5  in. 
Then  the  combined  thickness  of  the  two  webs  required 

will  be 

17.6 


'^.20'-0'\ 


176,0001b.  176,0001b. 

_J L_ 


^o'-o" . 


60-0" 


20-0" 


176,000 /b. 


176,000/b. 


42.5 


=  0.41  in. 


Fig.  78. 


4.75        -  7*l-0^2 
Considering  J^  of  the  gross 


As  each  web  should  not  be  of  less  thickness  than  Ms  in., 
each  web  will  be  made  60  X  ?^6  in. 

„  ^     3,520,000 
Assuming  the  effective  depth  to  be  57  in.  =  4.75  ft.,  the  maximum  flange  stress  will  be 

lb.     Then  the  flange  area  required  at  this  point  will  be    .^. '„„„  =  46.31  sq.  in.  net. 

area  of  the  web  plate  as  flange  area  and  assuming  the  cover  plates  to  be  24  in.  the  flange  may  be  composed  of  the 

following : 

(H)  (2)  (60)  (Me)  =     4.68 

2  angles  6X6X^^6  (minus  2  holes  in  each)     =  15.34 
1  PI.  24  X  %  (minus  2  holes)  =  13.90 

1  PI.  24  X  H6  (minus  2  holes)  =  12.46 


46.38  sq.  in. 
As  the  maximum  flange  section  is  only  needed  for  a  part  of  the  length  of  the  girder,  there  is  a  point  where  the  24  X 
K6-in.  cover  plate  can  be  omitted,  but  the  24  X  ^-in.  plate  should  be  continued  the  full  length  of  the  girder  in  order 
to  hold  the  two  webs  together.     It  is  not  necessary  to  make  the  thickest  plate  the  one  to  be  extended,  but  it  is  con- 
sidered good  practice  to  place  the  thickest  plate  immediately  on  the  chord  angles. 

In  order  to  determine  how  long  the  upper  cover  should  be,  it  can  be  determined  graphically  as  explained  in 
the  preceding  problem.  The  length,  however,  can  be  determined  analytically  as  follows:  The  area  of  the  members 
in  the  flange,  excluding  the  24  X  M  e-in.  plate,  is  33.92  sq.  in.  net.  This  amount  of  area  will  develop  a  flange  stress 
of  (33.92)  (16,000)  =  542,720  1b.,  and  a  bending  moment  of  (542,720)  (4.75)  =  2,577,920  ft.-lb.  Then  the  point  on 
the  girder  at  each  end  where  this  flange  area  will  be  used  to  its  limit,  will  be  the  point  where  the  bending  moment 
will  be  2,577,920  ft.-lb.  or  a  distance  from  the  end  of 

Therefore  the  length  of  the  cover  plate  will  be  30  ft.  8>2  »«•  plus  the  distance  at  each  end  necessary  to  develop  with 
rivets  the  stress  carried  by  the  plate. 

The   maximum   pitch   of   the  rivets  connecting  the  web  to  the  chord  angles  should  be  as  follows 
tance  between  the  support  and  the  nearest  concentrated  load  the  pitch  should  not  exceed 

(57)(8840). 
176,000 


In  the  dis- 


2.86  in. 
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In  the  distance  between  the  concentrated  loads,  where  the  shear  is  theoretically  zero,  the  rivet  pitch  is  theoretic- 
ally indeterminate,  but  as  the  rivet  pitch  of  any  rivet  in  the  girder  should  not  exceed  16  times  the  least  metal  thick- 
ness in  a  line  parallel  to  the  line  of  stress,  the  maximum  pitch  in  this  case  should  not  exceed  5  in. 

The  end  stiffeners  should  be  designed  to  take  the  end  shearing  stress  and,  assuming  that  the  ends  of  the  girder 
will  frame  into  a  supporting  member,  only  two  stiffener  angles  can  be  used,  one  on  the  outside  of  each  web  on 
account  of  stiffener  angles  on  the  inside  of  webs  being  inaccessible  for  field  riveting. 

As  the  -  for  the  ordinary  girder  stiffener  is  usually  small,  and  since  according  to  the  A. R.E.  A.  column  formula 

(see  Sect.  1,  Art.  97)  the  maximum  allowable  stress  per  sq.  in.  should  not  exceed  14,000  lb.,  it  will  be  found  (except 
in  special  cases)  that  it  is  safe  to  figure  stiffener  angles  at  14,000  lb.  per  sq.  in.  Therefore  the  end  stiffener  angles 
should  have  an  area  of 

176,000       ,„  „ 

-14:00-0  =  12-"^  '''■  '"■ 

Two  5X5  X^Me-in.  angles  will  be  satisfactory. 

At  the  two  points  of  concentrated  loads,  there  should  be  eight  stiffener  angles,  two  on  each  side  of  each  web, 
and  the  four  on  the  inside  of  the  girder  should  be  connected  with  a  web  plate,  forming  a  diaphragm  or  separator 
between  the  two  webs,  all  being  milled  to  bear  top  and  bottom  and  with  sufficient  rivets  to  take  the  load  into  the 
web. 

As  the  concentrated  load  is  the  same  as  the  end  reaction,  there  will  be  needed  in  the  eight  stiffener  angles  a 
combined  area  of  12.57  sq.  in.,  or  8  —  3J-2  X  3  X  Hs-in.  angles  will  suffice. 

As  the  thickness  of  the  webs  is  less  than  >^o  of  the  distance  between  the  flange  angles,  the  girder  should  be  pro- 
vided with  intermediate  stiffener  angles  on  both  sides  of  both  webs,  not  over  the  effective  depth  of  the  girder  apart. 

Illustrative  Problem.  Distributing  Grillage  Girder. — Design  a  girder  distributing  the  load  of  two  columns  over 
a  foundation,  as  shown  in  Fig.  79,  assuming  the  bearing  pressure  on  the  foundation  at  30,000  lb.  per  sq.  ft.  and  the 
distance  "A"  limited  to  2  ft.  by  local  conditions. 

The    center    of    gravity    or    point    e.g.    of    the    loads    must    first    be 
determined. 

(800,000)(16.0) 


Distance  B  = 


Distance  C 


1,440,000 

(640.000)(16.0) 

1,440^000 


=  8.89  ft. 


=  7.11  ft. 


64qoooitx 


eoo.oooib. 


J'oo', 


In  order  for  the  girder  to  equally  distribute  the  loads  over  the  foundation, 
the  girder  must  be  made  symmetrical  in  length  about  the  center  of  gravity 
of  the  loads.  Knowing  distance  A  to  be  2  ft.,  the  distance  D  is  readily 
determined,  making  a  total  length  of  21.78  ft.  for  the  girder. 

Since  the  total  load  =  1,440,000  lb.,  then  the  load  per  linear  foot  will  be 


B 


.339' . 


7.11' 


/6.00 


.3.76' 


1,440,000 
21.78 


FiQ.  79. 


66,1151b. 


If  the  allow- 
able bearing  capacity  of  the  foundation  is  30,000  lb.  per  sq.  ft.,  then  the  width  of  the  girder  must  be       '     _  = 

oU,UUU 
2.2038  ft.,  say  27  in.     On  account  of  the  required  width  of  the  girder  flange,  a  box  girder  as  shown  in  Fig.  80  will  be 
most  adaptable.     The  center  web  will  be  figured  to  take  one-half,  and  the  side  webs  one-quarter  each  of  the  total 
load. 

The  next  thing  to  consider  is  the  number  and  the  size  of  the  stiffener  angles  required  under  each  of  the  column 
loads,  and  also  the  number  of  rivets  required  in  each  stiffener  angle,  so  that  the  net  width  of  the  web  plates  can  be 
determined.  At  the  point  of  the  800,000-lb.  concentration,  a  combined  area  will  be  needed  in  the  stiffener  angles  of 
800,000 

57.15  sq.  in.     Assuming  16  stiffener  angles  at  this  point,  16  angles  5  X  3J-2   X  3-2  will  give  sufficient 


14,000 


JU 


area.    Assuming  the  rivets  to  be  in  single  shear  on  the  outer  webs  and  in  double  shear  for  the  middle  web, 

800.000 
(161(44201  ~  12  rivets  will  be  needed  in  each  stiffener.     As  the  maximum  shear  =   (8)  (66.115)   =  528,920 

528  920 
lb.,  a  total  net  web  area  will  be  needed  of    -in  csnn  ~  52.89  sq.  in. 

52  89 
width  will  be  48  -  (12)  (0.875)    =  37.5  in.      The  total  web  thickness  required  will  be  ^y^  =  1.40  in. 

1.40  1.40 

Then  the  center  web  should  be  — s~  =  0.7in.  thick,  or  say  Ji  in.      The  side  webs  should  be- 


Assuming  a  web  48  in.  deep,  the  net 


Fig.  80.  _ 

^     _„ „.  „„^,,„..      .._„ —  ...„„.. .  ^ 

in.  thick,  or  say  y%  in.      The  girder  will  be  made  483'2  in.  back  to  back  of  angles. 

At  the  point  of  the  640,000-lb.  concentration  a  combined  area  will  be  needed  in  the  stiffener  angles  of 

640,000 


0.35 


14,000 


=  45.72  sq.  in. 


Assuming  16  stiffener  angles  at  this  point,   16  angles  5  X  SJi  X 

values  as  before  ,,„..  ,' .  .„„^   =  10  rivets  will  be  needed  in  each  stiffener  angle 


will  give  sufficient  area.      Taking  the  rivet 
As  the  number  of  rivet  holes  to  be 


(16)  (4420) 

deducted  from  the  web  plate  at  this  point  is  less  than  at  the  other  point  and  the  maximum  shear  is  the  same,  the 
webs  selected  are  more  than  sufficient. 

The  maximum  bending  moment  will  occur  midway  between  the  concentrated  loads  and  will  equal '- ,5 


=  2,115,680  ft. -lb.     Assurhing  an  effective  depth  of  45  in.,   the  maximum  flange  stress  will  equal 


2,115,680 
3.75 
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564,181  lb.     The  net  flange  area  required  will  be    ,„  '     „    =  35.26    sq.    in.     By    proportioning   the    flange  area 

with  one-half   for   the  center  portion  and  one-quarter  each   for  the  side  members,  the  flange   may  be  composed 
as  follows: 

Web  -  H  X  48  X  1>2  =     9.00 

4  angles  6X6X3-2  (minus  2  holes  each  angle)  =  19  .48 

1  cover  plate  27  X  H  (minus  4  holes)  =     8.81 


37,29  sq.  in. 

The  cover  plate  both  top  and  bottom  should  be  extended  the  full  length  of  the  girder  although  it  is  not  needed  for 
strength.  The  rivet  heads  on  the  under  side  of  the  bottom  cover  plate  should  either  be  countersunk  and  chipped 
or  the  girder  should  be  thoroughly  grouted  with  a  thin  grout,  to  insure  the  girder  bearing  properly  throughout 
its  entire  length  and  width. 

As  the  side  webs  are  less  in  thickness  than  \io  of  the  clear  distance  between  the  chord  angles,  these  webs  should 
be  provided  with  intermediate  stiffener  angles  to  prevent  buckling,  at  the  ends  and  at  a  distance  not  greater  than  the 
effective  depth  of  the  girder  apart. 

Although  there  are  no  intermediate  stiffeners  required  for  the  center  web,  the  ends  of  these  webs  should  have 
stifFeners.  In  designing  the  base  of  the  columns  resting  on  this  girder,  it  should  be  seen  that  the  load  is  distributed 
in  a  proper  manner  to  the  girder,  so  as  to  make  each  elementary  portion  of  the  girder  take  that  portion  of  the  load 
for  which  it  is  designed.  This  can  be  done  by  means  of  stiffener  angles  and  by  getting  as  much  of  the  column  in 
direct  bearing  over  the  girder  stiffener  angles  as  possible. 

As  the  shear  of  this  girder  varies  from  zero,  at  the  point  between  the  two 
46,000!b.   46j000/A.  concentrations  and   at  the  extreme  ends,  to   maximum  at  the  points  of  concen- 

trations, the  web  rivet  spacing  should  be  figured  as  explained  in  Art.  54,  by 
dividing  the  girder  into  sections  equal  to  the  effective  depth  and  using  the 
maximum  shear  occurring  in  that  division  as  a  basis. 

Rivets  along  the  bottom  flange  will  be  subjected  to  vertical  stress  in  addi- 
tion to  the  horizontal  stress    due  to  longitudinal  shear.     The  vertical  stress  is 


.22-0'' 


IB'-O" 


^'-O" 


16-0" 


fj>  =  D  -       caused  by  the  uniform  load  applied  in  distributing  the  load    over  the  founda- 

40,4801b.  51 5^  Ib.^^'^^-     The  rivets  alonf  this  flange  should  be  figured  to  take  the  resultant  of  the 

horizontal  and  vertical  forces. 

Fig.  81.  On  very  heavy  work  of  this  type,  the  web  plates  are  chipped  to   bear 

directly  against  the  cover  plate  which  is  good  construction,  but  unless  the  shop 

work  is  exceptionally  good  it  is  apt  to  overstress  the  web  rivets  due  to  the  web  not  bearing  properly. 

The  above  type  of  girder  is  also  used  to  distribute  the  loads  to  a  lower  layer  of  grillage  beams,  where  it  would! 
be  impractical  to  make  the  girder  wide  enough  to  get  sufficient  bearing  over  the  foundation. 

Illustrative  Problem.  Girder  with  Moving  Loads. — Design  a  crane  runway  girder  of  50-ft.  span,  to  support  a> 
10-ton  crane  having  two  wheels  on  the  truck  12-ft.  on  centers,  with  a  load  on  each  wheel  including  impact  of  46,000 
lb.  as  shown  in  Fig.  81.  It  will  be  assumed  that  an  allowance  is  made  in  the  loads  given  for  the  dead  weight  of  the 
girder. 

On  a  girder  carrying  moving  loads,  the  bending  moment  throughout  the  girder  varies  for  every  different  posi- 
tion of  the  loads.  On  a  girder  with  two  equal  moving  loads,  the  maximum  moment  will  occur  under  one  of  the 
loads  when  the  quarter  point  distance  between  the  two  loads  is  coincident  with  *he  center  of  the  span  of  the  girder 
(see  Sect.  1,  Art.  58e).     The  maximum  moment  is  found  to  be  890,500  ft.-lb. 

Assuming  the  web  plate  of  the  girder  to  be  48  in.  deep  and  the  chord  angles  48J^  in.  back  to  back,  the  effective 
depth  will  be  about  45  in.,  or  3.75  ft.     Then  the  maximum  flange  stress  due  /.><jr* 

890,560  „  K      A — *l.a*»«» 

to  vertical  loads  will  be •  =   237,482  1b.  and  the  required  flange  area  will  I       ^    J>\_f^_*9  ^ 


3.75 


237,482  ,  rjr4'Ai"l--       ~j 

be  =  14.84  sq.  in.     The  flange  area  required  is  correct  for  the  bottom  2l?-6'i'6x4' 

16,000  ^ 


flange  only.     Assuming  a  web  plate  48  X  5-^6  and  taking  J^  of  the  web-plate  .on  r*uA,i.-  qj 

area  as  flange  section,  the  bottom  flange  may  be  composed  as  follows:  ■*  ^ 

£-ls-6'i6if-.^  |_ 


Web  H  X  48  X  ^6  =1  .87 

2  angles  6   X  6   X  ?^   (minus  one  hole  in  each)    =   13.  14 


r"i 


A 


15.01  sq.  in.  Fig.  82. 

The  top  flange  will  get  the  same  stress  as  the  bottom  flange  due  to  the  vertical  loads  and  in  addition  will  get  a  lateral 
stress  due  to  bending  caused  by  the  cross  travel  or  acceleration  of  the  crane  trolley,  from  which  the  load  is  sus- 
pended. The  amount  of  this  force  is  usually  taken  as  ?io  of  the  capacity  of  the  crane,  or  2  tons  in  this  case,  caus- 
ing a  force  of  2000  lb.  acting  on  each  wheel.  The  position  of  the  wheels  causing  the  greatest  lateral  bending  moment 
on  the  girder  is  the  same  position  which  causes  the  greatest  vertical  bending  moment.     Therefore  the  greatest  lateral 

2000 

bending  moment  will  be  directly  proportional  to  the  maximum  vertical  bending  moment,  or (,890,500)1,12) 

46,000 

=  464,640  in. -lb.     Then  the  top  flange  must  be  designed  to  take  a  direct  stress  in  compression  of  237,482  lb.  plus 

a  cross-bending  stress  of  404,640  in. -lb. 
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Assuming   a  top  flange  section  as  shown  in  Fig.  82,  the  top  flange  should  be  designed  within  the  following 
limitations    (see    Art.    51):  The    maximum    combined    compressive   stress    should    not    exceed    16,000   —    150 
length 

■ '  with  a  maximum  stress  of  14,000  lb.  per  sq.  in.,  figured  about  axis  A-A. 

flange  width 

By  the  method  explained  in  Art.  21  the  bending  moment  should  be  transposed  to  an  equivalent  direct  compres- 
sive stress  and  added  to  the  direct  maximum  compressive  stress  due  to  the  vertical  loads.  The  flange  should 
then  be  designed  for  the  sum  of  the  two  stresses.  It  will  be  found  that  a  top  flange  composed  of  the  following 
members  will  be  of  sufficient  size: 

1    plate— 24  XJ^ 
2  angles— 6  X  6  X  ?S 
2  angles — 1  X  4  X  ?^ 

The  next  step  in  the  design  is  to  determine  the  maximum  end  shear  so  that  the  end  stifTener  angles  and  the  web 
can  be  designed.  The  position  of  the  loads  which  will  give  the  greatest  shear  is  when  one  wheel  is  at  the  end  and 
the  other  12  ft.  away  from  the  end.     The  maximum  shear  is  found  to  be  80,960  lb. 

80,960 

The  total  area  required  in  the  end  stiff ener  angles  is =  5.78  sq.  in.     Assuming  2  stiffener  angles,  it  is 

14.000 
found  that  2  angles  5  X  3>^  X  ^  will  be  sufficient.      Assuming  rivets  as  bearing  on  a  ?f  e-in.  web  plate  at  46901b. 

80,960 

each,   =  18  rivets  are  required  in  the  stiffener  angles. 

4690 

The  net  area  required  in  the  web  plate  for  shear  will  be 

80,960 

=   8.09  sq.  in. 

10,000 

The  net  width  of  the  web  plate  will  be  48  —  (18)  (0.875)  =  32.25  in.     Since  8.09  sq.  in.  are  needed  in  the  web,  then  the 

8.09 
thickness  should  be =  0.25  in.  of  J-i  in.     As  the  web  of  a  girder  should  not  be  less  than  He  in.  thick,  a  48 

32.25 

X  ^{e-in.  web  will  be  used. 

Since  the  web  is  less  in  thickness  than  J-^o  of  the  unsupported  distance  between  flange  angles,  intermediate 
stiffener  angles  should  be  provided  to  prevent  web  buckling  at  a  distance  apart  not  greater  than  the  effective  depth 
of  the  girder.  The  web  rivet  spacing  for  the  first  12  ft.,  from  each  end  should  be  the  same,  as  the  maximum  shear 
will  not  change  until  the  second  wheel  position  is  reached.  As  the  top  cover  plate  with  its  outside  angles  is  acting 
as  a  flat  girder  taking  lateral  thrust,  the  rivets  connecting  the  web  and  outer  angles  should  be  spaced  the  same  as 
any  girder  using  the  shears  produced  by  the  horizontal  forces. 


DESIGN  OF  PURLINS  FOR  SLOPING  ROOFS 

By  W.  S.  Kinne 

60.  Purlins  Subjected  to  Unsymmetrical  Bending. — A  purlin  is  a  member,  generally  a 
simple  beam,  which  supports  the  roofing  between  adjacent  trusses.  Fig.  83  shows  the  position 
of  a  purlin  with  respect  to  the  other  parts  of  a  roof.  A  complete  discussion  of  choice  of  purlin 
sections,  details  of  connections  of  purlins  to  trusses,  and 

methods  of  fastening    roof  covering  to  purlins  will  be    Rbofcorer/nct-.^ 
found  in  Sect.  3. 

Fir 
As  shown  in  Fig.  147,  p.  466,  for  steel  roof  trusses, 

and  in  Fig.  146,  p.  465,  for  wooden  roof  trusses,  purlins 

consisting  of  rolled  shapes,  or  wooden  beams,  are  usually 

placed  with  the  webs,  or  sides,  perpendicular  to  the  top 

chord  of  the  truss.     Since  in  most  cases  the  applied  loads 

are  vertical,  or  nearly  so,  it  follows  that  the  plane  of  loading  and  the  principal  axes  of  the  section 

do  not,  in  most  cases,  lie  in  the  same  plane.     Problems  in  design  and  stress  determination  for 

such  conditions  can  not  be  solved  by  the  methods  described  in  the  chapter  on  "Simple  and 

Cantilever  Beams,"  Sect.  1,  but  require  more  general  formulas  which  take  into  account  the  fact 

that  the  plane  of  bending  and  the  principal  axes  of  the  section  are  not  coincident.     Bending  of 

this  nature  is  known  as  unsymmelrical  bending,  the  formulas  for  which  are  given  in  the  last 

chapter  of  Sect.  1. 

61.  Load  Carried  By  a  Purlin. — The  amount  and  character  of  the  load  to  be  carried  by  a 
roof  purlin  depends  to  some  extent  upon  the  kind  of  roof  covering,  the  slope  of  the  roof,  and  the 
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location  of  the  structure.  These  points  are  considered  in  detail  in  Sect.  3,  Arts.  133  to  136 
inch,  where  tables  of  values  are  given  for  the  different  loads. 

The  load  which  a  purlin  must  be  designed  to  carry  is  a  combination  of  the  weight  of  the 
purlin  and  roof  covering,  the  snow  load,  and  the  wind  load.  These  loadings  are  to  be  combined 
so  as  to  give  the  maximum  possible  stress  on  the  beam  section.  In  general  three  combinations 
of  loading  are  used.     They  are: 

(1)  Dead  load  and  snow  load. 

(2)  Dead  load  and  wind  load. 

(3)  Dead  load,  wind  load,  and  one-half  snow  load. 

Under  Case  3  only  one-half  of  the  snow  load  is  considered.  This  is  due  to  the  fact  that  maxi- 
mum wind  and  snow  loadings  are  not  likely  to  occur  at  the  same  time.  If  a  high  wind  is  blowing 
at  the  time  snow  is  falling,  the  snow  will  be  blown  from  the  roof  as  fast  as  it  falls.  In  the  case 
of  a  wet  snow  or  sleet,  part  of  the  snow  will  stay  on  the  roof  in  spite  of  the  wind.  An  allow- 
ance of  one-half  the  maximum  snow  load  seems  to  be  reasonable  for  this  condition. 

The  dead  and  snow  loads  are  vertical  forces,  while  the  usual  assumption  regarding  the  wine 
load  is  that  it  acts  perpendicular  to  the  surface  of  the  roof.  For  the  combinations  given  above 
(1)  represents  a  vertical  load,  while  (2)  and  (3)  are  inclined  at  an  angle  to  the  vertical. 

62.  Conditions  of  Design. — The  conditions  of  the  design  are  governed  to  some  exteni 
by  the  roof  covering.  Where  the  covering  is  very  rigid,  as  in  the  case  of  wooden  sheathing  or 
common  rafters,  the  loads  can  be  resolved  into  components  parallel  and  perpendicular  to  tht 
roof.  The  component  parallel  to  the  roof  is  assumed  as  carried  by  the  sheathing,  and  the  com- 
ponent perpendicular  to  the  roof  is  assumed  as  carried  by  the  purlin.  This  is  equivalent  tc 
assuming  that  the  beam  section  is  free  to  bend  only  in  a  plane  perpendicular  to  the  roof. 

Where  the  roof  covering  consists  of  a  material  such  as  corrugated  steel,  which  proA-ides 
little  or  no  lateral  support  for  the  purlin,  the  assumptions  made  above  can  not  be  used.  It  is 
then  necessary  to  design  the  purlin  as  a  beam  which  is  free  to  bend  in  am^  direction,  making  use 
of  the  methods  of  unsymmetrical  bending  set  forth  in  the  last  chapter  of  Sect.  1. 

Purlins  designed  under  this  assumption  are  likely  to  require  excessivelj'  large  sections.  Ti 
avoid  this,  the  purlins  are  often  partially  supported  laterally  by  means  of  tie  rods.  Smalle: 
-sections  can  then  be  used  for  the  purlins. 

The  methods  of  design  to  be  used  in  the  cases  mentioned  above  will  be  followed  out  fo; 
typical  cases  which  will  illustrate  the  methods  to  be  used. 

63.  Design  of  Purlins  for  a  Rigid  Roof  Covering. — Let  it  be  required  to  design  the  sheath 
ing,  rafters,  and  purlins  for  a  roof  capable  of  withstanding  the  maximum  combination  of  the 
dead  load  of  its  members  and  the  wind  and  snow  loads  given  in  Sect.  3,  Art.  137.  The  materia 
is  to  be  pine  with  a  working  stress  of  1000  lb.  per  sq.  in.  Assume  that  the  roof  is  covered  wit! 
shingles;  that  the  span  of  the  rafters  is  9  ft.  (measured  along  the  line  of  the  roof  surface,  whici 
makes  an  angle  of  30  deg.  with  the  horizontal),  and  that  the  trusses  are  12  ft.  apart.  Fig.  8- 
(a)  shows  the  general  arrangement  of  members. 

In  making  up  the  combinations  of  loads  carried  by  the  members  it  will  be  found  convenient  to  determine  th« 
resultant  load  carried  by  a  single  square  foot  of  roof.  The  resultants  for  the  several  combinations  given  above 
are  as  follows: 

Case  1. — ^From  the  tables  given  in  Sect.  3,  Art.  133,  shingles  weigh  about  3.0  lb.  per  sq.  ft.  of  roof,  and  1-in 
sheathing  weighs  about  4.0  lb.  per  foot  board  measure.  The  dead  load  is  then  7.0  lb.  per  sq.  ft.  of  roof,  a  vertica 
load.  From  Table  8,  p.  467,  the  snow  load  for  a  roof  at  an  angle  of  30  deg.  to  the  horizontal  is  15.0  lb.  per  sq 
ft.  of  roof.  The  total  vertical  load  is  then  22.0  lb.  per  sq.  ft.  of  roof,  and  the  component  perpendicular  to  the  roo: 
is  19.0  lb.  per  sq.  ft.,  as  determined  by  the  force  diagram  of  Fig.  84(c). 

Cases  2  and  3. — It  is  quite  evident  that  the  resultant  for  Case  3  has  a  greater  component  perpendicular  to  tht 
roof  than  Case  2.  As  the  direction  of  bending  is  not  in  question  under  the  assumed  conditions,  we  can  pass  at  onc( 
to  Case  3. 

The  dead  load  for  Case  3  is  the  same  as  for  Case  1,  and  the  snow  load  is  one-half  as  large  as  for  Case  1.  Tht 
vertical  component  of  loading  is  then,  4  -h  3  -f-  7.5  =  14.5  lb.  per  sq.  ft.  of  roof.  From  Table  7,  p.  467,  the  wino 
pressure  normal  to  the  roof  is  24.0  lb.  per  sq.  ft.  of  roof.  As  these  loads  are  not  in  the  same  direction,  the  resultant 
can  be  obtained  by  means  of  a  force  diagram.  The  component  of  load  perpendicular  to  the  roof  can  be  determinec 
by  resolving  forces  parallel  and  perpendicular  to  the  roof  surface.  The  force  diagram  of  Fig.  84(e)  shows  that  the 
component  perpendicular  to  the  roof  is  36.9  lb.  per  sq.  ft.  of  roof.  Similar  calculations  have  been  made  for  Case  2; 
the  force  diagram  is  shown  in  Fig.  84(d). 
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Design  of  Sheathing. — The  sheathing  is  not  usually  designed,  except  where  unusual  conditions  are  encountered, 
such  as  heavy  loads  or  rafter  spacing  greater  than  the  normal,  which  is  from  16  to  24  in.  Under  normal  conditions, 
1-in.  sheathing  will  be  found  to  provide  sufficient  strength. 

In  the  case  under  consideration,  assume  that  1-in.  sheathing  is  used  and  that  the  spacing  of  rafters  is  24  in. 
The  moment  due  to  *he  normal  component  of  Case  3  for  a  section  of  sheathing  1  ft.  wide  is,  M  =  j'iwl^  =  J^ 
(36.9)(2)-(12)  =  221.4  in. -lb.  This  moment  is  resisted  by  a  1  X  12-in.  section  of  sheathing,  for  which  the  sec- 
tion modulus  is  I/c  =  Hbd^  =  H  (12)  X  (1)2  =  2.0  in.'  The  resulting  fiber  stress  is  then  /  =  Mc/I  =  221.4/2.0 
=  110.7  lb.  per  sq.  in.  This  stress  is  very  low,  indicating  that  for  ordinary  conditions  the  design  need  not  be 
carried  out. 

Design  of  Common  Rafters. — A  2  X  6-in.  rafter  will  be  assumed.  At  4  lb.  per  ft.  board  measure,  the  dead  weight 
per  foot  of  rafter  is  (2  X  ?i2)4  =  4  lb.  The  roof  area  per  foot  of  rafter  is  2.0  sq.  ft.,  and  the  normal  load  to  be 
carried  for  Case  3  is  2  X  36.9  =  73.8  lb.  per  ft.  of  rafter.  Adding  the  weight  of  the  rafter,  the  total  load  to  be 
carried  by  the  rafter  is  a  uniform  load  of  77.8  lb.  per  ft.  The  moment  is  M  =  yiwP  =  H  (77.8)  (9)2(12)  =  9460 
in.-lb. 

The  section  modulus  of  a  2  X  6-in.  rectangle  is  Mbd'^  =  M(2)(6)2  =  12  in.',  and  the  fiber  stress  is/  =  Mc/I 
=  9,460/12  =  788.0  lb.  per  sq.  in.  As  the  allowable  fiber  stress  is  1,000  lb.  per  sq.  in.,  the  assumed  section  is 
sufficient.  Rafter  sections  come  in  commercial  sizes,  which  are  2  X  4,  2  X  6,  2  X  8,  etc.  It  is  therefore  not  pos- 
sible to  meet  exactly  the  allowable  fiber  stress  conditions  with  the  available  sections. 


Common  raff'ers-.   v  >  «• 


\ 


Fbrlin- 


12-0' 


c.  to.  c.  brasses 


««f 


Fig.   84. 


Design  of  Purlins. — As  shown  in  Fig.  84(a),  the  purlin  section  is  set  at  right  angles  to  the  rafter.  It  is  then  sub- 
jected to  a  normal  load  due  to  the  rafters  from  adjacent  panels.  In  some  cases  the  applied  loads  are  considered  to 
be  uniformly  distributed  along  the  purlin,  and  in  other  cases  the  loads  are  assumed  as  concentrated  at  each  rafter. 
This  latter  assumption  more  nearly  approximates  the  actual  conditions;  it  will  be  used  in  this  design. 

As  shown  in  Fig.  84(a),  eaoh  purlin  carries  the  ends  of  two  rafters.  Each  rafter  load  is  then  due  to  the  normal 
load  on  9  ft.  of  rafter.  Including  the  weight  of  the  rafter,  each  load  is  9  X  77.8  =  700  lb.  Fig.  84(6)  shows  the 
position  of  the  loads.  It  will  be  found  that  the  maximum  moment  for  the  position  shown  is  slightly  less  than  for  an 
arrangement  which  places  a  load  directly  at  the  center  of  the  purlin.  From  Fig.  84(b),  the  moment  at  the  beam 
center  is,  M  =  l(2100)(6)  -  700(1  -f-  3  +  5)]  12  =  75,600  in.-lb.  Assuming  a  6  X  10-in.  purlin,  whose  weight 
is  (6  X  10/12)4  =  20  1b.  per  ft.,  the  moment  due  to  its  weight  is  M  =  l^iwP  =  >i  (20)  (12)2(12)  =  4,320  in.-lb. 
The  total  moment  is  then  75,600  +  4320  =  79,920  in.-lb. 

For  allowable  /  =  1000  lb.  per  sq.  in.,  I/c  =  M/f  =  79,920/1,000  =  79.92  in'.  The  section  modulus  of  the 
assumed  6  X  10-in.  purlin  is  I/c  =  )-ih<P  =  }-g(6)(10)2  =  100  in.'  which  is  sufficient.  This  is  as  close  an  agree- 
ment between  assumed  and  adopted  sections  as  is  possible,  using  commercial  size. 

64.  Design  of  Purlins  for  a  Roof  with  a  Flexible  Roof  Covering. — In  the  preceding  article 
the  design  is  given  for  a  purlin  section  for  a  roof  which  is  so  rigid  that  it  is  possible  to  assume 
that  the  purlin  is  supported  laterally  so  that  it  is  necessary  to  provide  only  for  bending  in  a  plane 
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perpendicular  to  the  roof  surface.  A  case  will  now  be  considered  where  the  roof  covering  is  not 
rigid  enough  to  provide  this  support.  The  purlin  will  have  to  be  designed  as  if  it  were  free  to 
bend  in  any  direction.  This  is  a  case  of  unsymmetrical  bending.  Two  cases  will  be  considered, 
one  in  which  the  purlin  is  free  to  bend  in  any  direction,  the  other  in  which  the  purlin  is  partially 
supported  by  tie  rods. 

64a.  Purlin  Free  to  Bend  in  any  Direction. — A  purlin  is  to  be  designed  to  .support 
a  corrugated  steel  roof.  The  purlins  are  to  be  spaced  3  ft.  apart,  and  the  roof  surface  is  inclined 
at  an  angle  of  30  deg.  to  the  horizontal;  trusses  are  spaced  16  ft.  apart. 

The  working  loads  will  be  taken  the  same  as  for  the  preceding  design,  and  the  working  stress  in  the  steel  will 
be  taken  as  16,000  lb.  per  sq.  in.  Combinations  of  loading  similar  to  those  for  the  wooden  purlin  will  be  made,  and 
a  purlin  section  determined  by  the  methods  used  in  the  illustrative  problem,  p.  88. 

From  Table  3,  p.  459,  24-gage  corrugated  steel,  weighing  1.3  lb.  per  sq.  ft.,  can  be  used  to  span  3  ft.  As 
stated  in  Sect.  3,  Art.  185b,  an  anti-condensation  lining,  weighing  1.3  lb.  persq.  ft.  is  to  be  used  in  connection  with 
the  corrugated  steel.  The  total  weight  of  covering  is  then  2.6  lb.  per  sq.  ft.  To  this  must  be  added  the  weight  of 
the  purlin.  In  the  preliminary  design,  the  purlin  was  assumed  to  weigh  4.0  lb.  per  sq.  ft.  of  roof.  After  the  pur- 
lin section  was  determined,  its  true  weight  was  found  and  the  calculations  revised  as  given  below. 

Caie.  1.  Dead  Load  and  Snow 
Load. — As  given  above,  the  weight 
of  the  roof  covering  is  2.6  lb.  per 
sq.  ft.  of  roof.  The  revised  purlin 
weight  is  4.1  lb.  persq.  ft.  of  roof. 
As  in  the  preceding  design,  the 
snow  load  is  15  lb.  per  sq.  ft.  of 
roof.  The  total  vertical  load  is 
then,  2.6  +  4.1  +  15.0  =  21.7  lb. 
per  sq.  ft.  As  the  purlins  are  3  ft. 
apart,  the  load  per  ft.  of  purlin  is 
3  X  21.7  =  65.1  lb.  Considering 
the  purlin  as  a  simple  beam  of 
span  equal  to  the  distance  between 
trusses,  16  ft.,  the  moment  to  be 
carried  is,  M  =  %  uP  =  3^(65.1) 
(16)=(12)  =  25,100  in.-lb.  For  an 
allowable  working  stress  of  16,000 
lb.  per  sq.  in.,  the  required  section 
modulus  is  S  =  M//=  25, 100/16. 
000  =  1.57  in.'  This  value  iai 
shown  in  the  proper  position  ini 
Fig.  85(6),  and  is  the  S  value  de- 
noted by  1. 

Case  2.  Dead  Load  and  Wind 
Load. — The  dead  load  is  the  same 
as  for  Case  1,  and  the  wind  load, 
is  a  normal  load  of  24  lb.  per  sq. 
ft.  of  roof,  as  in  the  preceding  de- 
sign. In  Fig.  85(a),  the  resultant  of  the  dead  and  wind  loads  as  determined  graphically,  is  29.9  lb.  per  sq.  ft.  The 
load  per  ft.  of  purlin  is  3  X  29.9  =  89.7  lb.;  the  moment  to  be  carried  is  M  =  14  wP  =  J^(89.7)(16)H12)  = 
34,500  in.-lb.;  and  the  required  S  =  M//  =  34,500/16,000  =  2.16  in.3  This  is  shown  in  Fig.  85(6)  in  the  direc- 
tion determined  by  the  force  diagram  of  Fig.  85(a). 

Case  3.  Dead  Load,  Wind  Load,  and  One-half  Snou)  Load.— The  dead  load  is  the  same  as  for  Case  1,  and  the 
wind  load  is  the  same  as  for  Case  2.  One-half  the  snow  load,  as  given  by  Case  1,  is  7.5  lb.  per  sq.  ft.  of  roof.  The 
total  vertical  load  is  then  14.2  lb.  per  sq.  ft.  of  roof,  and  the  normal  load  is  24  lb.  per  sq.  ft.  The  resultant  of  the 
loads,  which  is  37.1  lb.  per  sq.  ft.,  is  shown  in  amount  and  direction  on  Fig.  85(o). 

The  load  per  foot  of  purlin  is  3  X  37.1  =  111.3  lb.;  the  moment  to  be  carried  is  M  =  HuV-  =  >^(111.3)(16)» 
(12)  =  42  800  in  -lb  •  and  S  =  M/f  =  42,800/16,000  =  2.67  in.3     This  is  shown  in  position  in  Fig.  85(6). 

Determination  of  Beam  Section.— A  purlin  will  be  selected  from  I-beam  and  channel  sections  with  the  intention 
of  keeping  the  weight  as  low  as  possible.  It  is  usually  specified  that  the  depth  of  beam  section  shall  be  not  less  than 
y^o  of  the  span.     This  is  done  to  avoid  the  use  of  sections  for  which  the  deflection  would  be  excessive. 

In  Fig,  85(6),  the  S-polygon  for  a  6-in.  12K-lb.  I-beam  is  shown.  This  section  is  slightly  larger  than  necessary, 
but  it  provides  a  closer  fit  than  any  other  section  of  its  weight.  The  true  weight  of  the  section  is  12.25/3  -  4.1  lb., 
the  value  used  in  the  revised  calculations.  .j         a:  ■     * 

Fig.  85(6)  also  shows  the  S-Polygon  for  an  8-in.  llJi-lb.  channel.  This  section  does  not  provide  sufficient 
strength,  since  S>  projects  beyond  the  S-Line.  As  other  channels  are  heavier  than  the  adopted  I-beam,  there  18 
nothing  to  be  gained  by  further  trials. 


Fig.  85. 
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646.  Purlin  Supported  Laterally  by  Tie  Rods. — Lateral  support  for  purlins  is 
generally  provided  by  means  of  tie  rods  where  the  roof  covering,  such  as  corrugated  steel,  ia 
not  rigid  enough  to  provide  the  proper  support.  These  tie  rods  consist  of  round  rods  fastened 
to  the  web  of  the  purlin  section  in  the  manner  shown  in  Fig.  88.  The  ties  should  extend 
over  the  ridge,  forming  a  continuous  line  between  the  eaves.  This  must  be  done  to  avoid 
an  excessive  side  pull  on  the  ridge  purlin.  If  the  arrangement  of  purlins  at  the  ridge  is  such 
that  a  continuous  line  can  not  be  used,  then  the  upper  ties  should  be  run  diagonally  to  the 
truss. 

The  number  of  ties  required  for  each  purlin  will  depend  upon  the  length  of  purlin  to  be 
supported  and  the  load  to  be  carried.  Generally  a  single  line  of  ties  at  the  center  of  the  purlin 
will  be  found  sufficient.  Tie  rods  will  not  be  found  necessary  for  lateral  support  in  the  case  of 
roofs  where  the  slope  is  less  than  about  3  in.  to  1  ft.  It  is  considered  good  practice  to  use  tie 
rods  in  roofs  with  a  rigid  covering  because  of  the  lateral  support  provided  for  the  purlins  during 
the  erection  of  the  structure.  The  purlins  are  held  in  line  without  additional  falsework  until 
the  roof  covering  is  applied. 

When  a  purlin  is  supported  laterally  by  tie  rods,  the  span  of  the  beam,  for  components 
of  load  parallel  to  the  roof 

surface,    is  equal  to  the       M=^c<j-^f   M=s<v{f 
distance  between  the  tie 
rods,  or  between  the  tie 
rods  and  the  truss.     As  | 
far  as  these  loads  are  con-  '^ 


M^uifM'^u/f  Mj^ioj^^ 


Vcir/a+ion  in  Momenf' 
Rsrpendicuteir  to  Roof  Surface 
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cerned,  the  purlin  is  a  con- 
tinuous beam  supported 
at  its  ends  by  the  trusses 
and  at  intermediate 
points  by  the  tie  rods. 
For  components  of  load 
perpendicular  to  the  roof 
surface,  the  span  of  the 
purlin  is  equal  to  the  dis-  ^ 
tance  between  th  el*; 
trusses,  as  in  the  preced- 
ing design. 

The  applied  loads 
are  uniform  per  foot  for 
both  components  of  load- 
ing. They  are  deter- 
mined by  resolving  the 
resultant  forces,  determined  as  for  the  preceding  design,  into  components  parallel  and  perpen- 
dicular to  the  roof  surface.  Moments  at  critical  points  can  be  determined  by  the  methods 
given  in  Sect.  1  for  simple  and  continuous  beams. 

In  calculating  the  moments  to  be  carried  by  a  purlin,  it  will  probably  be  best  to  assume  that 
the  purlins  are  only  long  enough  to  span  the  distance  between  adjacent  trusses.  The  moment 
due  to  the  component  of  loads  perpendicular  to  the  roof  surface  will  then  be  given  by  the  for- 
mula M  =  }iwl^.  It  will  be  found  that  if  a  purlin  be  assumed  to  span  several  trusses,  and  the 
moments  calculated  by  continuous  girder  methods,  the  moment  to  be  provided  for  will  be 
only  slightly  less  than  for  a  simple  beam. 

For  components  of  load  parallel  to  the  roof  surface,  the  purlin  can  be  considered  as  a  con- 
tinuous beam  supported  at  its  ends  by  the  trusses,  and  at  other  points  by  the  tie  rods.  The 
supports  provided  by  the  tie  rods  are  not  as  rigid  as  those  provided  by  the  truss,  so  that  the  con- 
tinuous girder  coefficients  given  in  Sect.  1,  Art.  72(d),  should  be  modified  somewhat.  Fig.  86(a) 
shows  the  values  proposed  for  cases  in  which  the  purlin  is  assumed  as  divided  into  two  parts 
by  the  tie  rod,  and  Fig.  86(6)  shows  the  values  where  the  tie  rods  divide  the  purlin  into  three 


Fig.  86. 
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parts.     It  is  assumed  that  the  coefficient  is  Ko  instead  of  %,  and  that  the  span  is  equal  to  the 
distance  from  truss  to  tie  rod. 

In  making  use  of  the  S- Polygon  methods  in  the  design  of  purlins  for  the  assumed  conditions, 
it  will  be  necessary  to  determine  the  resultant  moment  at  the  tie  rod  and  also  at  a  point  half  way 
between  the  tie  rod  and  the  truss.  These  resultant  moments  are  equal  to  the  vector  sum  of  the 
component  moments  parallel  and  perpendicular  to  the  roof  surface.  The  values  of  the  flexura' 
modulus,  S,  are  determined  from  these  resultant  moments,  and  the  required  and  provided  .5 
compared  by  the  methods  used  in  the  preceding  design. 

A  purlin  will  now  be  designed  supported  by  tie  rods.  The  conditions  will  be  taken  the  same  as  for  the  preceding 
design,  with  the  futher  condition  that  the  purlin  is  to  be  supported  by  a  line  of  tie  rods  placed  at  the  center  of  th< 
purlin. 

As  the  depth  of  the  purlin  is  usually  limited  to  }-io  of  the  span,  a  6-in.  section  must  be  used.  The  6-in.  sectioi 
of  least  weight  is  a  6-in.  8-lb.  channel,  which  will  be  taken  as  the  trial  section.  The  weight  of  the  assumed  sectioi 
per  square  foot  of  roof  surface  is  f^  =  2.7  lb.  Using  other  values  as  in  the  preceding  design,  the  several  combi- 
nations are  as  follows: 

Case  1.     Dead  Load  and  Snow  Load. — As  before,  the  dead  load  due  to  corrugated  steel  and  lining  is  2.6  lb 

per  sq.  ft.  of  roof,  and  the  snov 
load  is  15.0  lb.  per  sq.  ft.  Th. 
weight  of  the  assumed  purlin  sec 
tion  as  given  above  is  2.7  lb.  pe 
sq.  ft.  of  roof.  The  total  vertica 
load  is  then  20.3  lb.  per  sq.  ft.  o 
roof.  From  the  force  diagram 
Fig.  87(a)  the  component  of  thi 
load  parallel  to  the  roof  surface  i 
10.2  lb.  per  sq.  ft.,  and  the  com 
ponent  perpendicular  to  the  roc 
is  17.6  lb.  per  sq.  ft. 

Using  the  oecfficients  show 
on  Fig.  86(a),  the  component  c 
moment  parallel  to  the  roof  i 
+  Viowr-  =  >io(  +  10.2)  (3)  (12 
(16)2  =  -i_  2350  in.-lb.  at  th 
quarter  point,  and  —2350  in.-lt 
at  the  tie  rod.  The  componen 
of  moment  perpendicular  to  th 
roof  is  +  %2wl^  =  +%2  (17.6)  (3 
(12)  (16)2  =  +15,200  in.-lb.  at  th 
quarter  point,  and  +Hf'-  = 
H  (17.6)  (3)  (12)  (16)2  =  +20,30 
-lb.  at  the  tie  rod. 

The  resultants  of  thes 
moments,  which  are  determine^ 
graphically  by  means  of  the  fore 
diagrams  of  Figs.  87  (c)  and  (d),  are  15,350  in.-lb.  at  the  quarter  point,  and  20,450  in.-lb.  at  the  tie  rod.  It  is  to  b 
noted  that  at  the  tie  rod  the  component  moment  parallel  to  the  roof  surface  is  negative.  In  determining  th 
resultant  moment  Fig.  87(d),  this  component  is  plotted  to  the  left  of  the  origin.  The  component  of  momen 
perpendicular  to  the  roof  surface  is  positive,  and  is  plotted  above  the  OX  axis,  as  in  the  preceding  cases. 

With  allowable  /  =  16,000  lb.  per  sq.  in.,  S  =  M/f  =  15,350/16,000  =  0.96  in.'  at  the  quarter  point,  an. 
20,450/16,000  =  1.28  in.^  at  the  tie  rod.  These  values  of  S  are  shown  in  position  on  the  S-Folygon  of  Fig.  87(el 
The  values  of  S  for  the  section  at  the  tie  rod  are  plotted  below  the  OX  axis,  for,  as  shown  by  the  complete  S-Polygon 
the  values  of  S  for  the  given  plane  of  bending  are  determined  by  the  fourth  quadrant  S-Line. 

Cose  2.  Dead  Load  and  Wind  Load. — The  dead  load  due  to  the  roof  covering  and  the  purlin  is  a  vertical  load  o 
5.3  lb.  per  sq.  ft.,  as  determined  for  Case  1,  and  the  wind  load  is  a  normal  load  of  24  lb.  per  sq.  ft.,  as  determine< 
for  Case  2  of  the  preceding  design.  From  the  force  diagram  of  Fig.  87(6),  the  component  perpendicular  to  th 
roof  is  28.6  lb.  per  sq.  ft.,  and  that  parallel  to  the  roof  is  2.7  lb.  per  sq.  ft.  By  the  methods  of  Case  1,  it  will  b 
found  that  at  the  quarter  point  the  component  of  moment  perpendicular  to  the  roof  is  +24,700  in.-lb.,  and  tha 
parallel  to  the  roof  is  +625  in.-lb.;  the  resultant  moment,  as  determined  graphically  by  Fig.  87(c),  is  24,800  in.-lb. 
and  the  required  S  =  24,800/16,000  =  1.55  in.' 

At   the  center  point,  the  moment  perpendicular  to  the  roof  is  32,900  in.-lb.,  and  that  parallel  to  the  roof  i 
—  625  in.-lb. ;  the  resultant  moment,  as  determined  by  Fig.  87 (rf),  is  33,000  in.-lb. ;  and  the  required  S  =  33,000/lC,00i^:^ 
=  2.06  in. ^.     These  values  are  shown  on  Fig.  87(e). 

Case  3.  Dead  Load,  Wind  Load,  and  One-half  Snow  Load. — With  the  half  snow  load  as  7.5  lb.  per  sq.  ft.,  th. 
total  vertical  load  is  12.8  lb.  per  sq.  ft.  As  in  the  preceding  cases,  the  normal  wind  load  is  24.0  lb.  per  sq.  ft 
From  Fig.   87(6),  the  component  perpendicular  to  the  roof  is  35.1  lb.  per  sq.  ft.,  and  that  parallel  to  the  roof  i; 
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6. -4  lb.  per  sq.  ft.  At  the  quarter  point,  the  moment  perpendicular  to  the  roof  is  30,300  in. -lb.,  and  that  parallel  to 
the  roof  is  +1480  in. -lb.;  at  the  tie  rod  the  corresponding  values  are:  moment  perpendicular  to  the  roof  =  40,500 
in.-lb.;  moment  parallel  to  the  roof  =  —  1480  in. -lb.  From  Fig.  87(c),  the  resultant  moment  at  the  quarter  point 
is  30,350  in.-lb.;  the  required  S  =  30,350/16,000  =  1.90  in.s  From  Fig.  S7(d),  the  resultant  moment  at  the 
tierod=  40,600in.-lb.;  the  required  S  =  40,600/16,000  =  2.54  in.3 

Determination  of  Purlin  Section. — Fig.  87(c)  shows  the  S-Polygon  of  the  assumed  6-in.  channel  section.  It 
will  be  found  that  all  of  the  plotted  values  of  S  lie  inside  of  the  polygon.  The  assumed  section  is  therefore  ample, 
and  will  be  adopted. 

The  results  of  this  design  show  that  the  use  of  tie  rods  makes  it  possible  to  use  smaller  sections  for  purlins  than 
for  the  conditions  assumed  in  the  preceding  design,  where  the  purlins  were  assumed  to  be  free  to  bend  in  any  direc- 
tion. Where  the  purlin  was  assumed  to  be  free  to  bend  in  any  direction,  a  6-in.  12H-lb.  I-beam  was  required. 
Where  tie  rods  were  used,  a  6-in.  8-lb.  channel  was  found  to  answer.  This  represents  a  saving  of  4^  lb.  per  ft. 
of  purlin. 


Connecfing  he 
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From  an  inspection  of 
the  S-Polygon  of  Fig. 
87(e),  it  can  be  seen  that 

the   values   of   required    S 

ie   close  to   the    OY  axis. 

For  all  cases,  except  where 

the  roof  slope  is  very  steep, 

t  will  probably  be  correct 
o  assume  that  the  tie  rods 

]ffer  complete  lateral  sup- 

Dort  for  the  purlin.     The 

lesign  can  then  be  carried 

)ut  by  the  methods  used 

n  the  design  of  the  pur- 
ins    for    rigid  roof  cover- 

ng,   as    given  in  the  first 

)art  of  this  article. 

Design   of  Tie  Rods. — 

Tie  rods  usually  consist  of 
ound  rods  threaded  at  the 
nds   to  provide  a  means 

)f  fastening  the  tie  to  the 

Jurlin  section.     Fig.  88(a)  shows  the  type  of  connection  usually  used. 

As  the  tie  rods  form  a  continuous  line  from  the  eaves  to  the  ridge,  the  stress  in  the  rods  increases  to  a  maximum 

it  the  ridge.     The  area  of  the  tie  rod  at  the  root  of  thread  must  be  sufficient  to  carry  a  load  caused  by  the  compo- 

lent  of  loads  parallel  to  the  roof  acting  over  the  area  tributary  to  the  tie  rod  of  ma.ximum  stress. 

To  illustrate  the  methods  of  design,  assume  that  the  slant  height  of  the  roof  considered  in  the  preceding  design 

s  36  ft.  As  the  trusses  are  16  ft.  apart,  and  there  is  a  single  line  of  tie  rods  at  the  center  of  the  purlin,  the  area 
ributary  to  the  tie  rod  of  maximum  stress  is  36  X  8  =  288  sq.  ft.  From  the  force  diagrams  of  Fig.  87,  it  will  be 
ound  that  the  greatest  component  of  load  parallel  to  the  roof  is  caused  by  the  loading  of  Case  1,  and  that  this 
omponent  is  10.2  lb.  per  sq.  ft.  of  roof.  The  load  to  be  carried  by  the  tie  rod  is  then  288  X  10.2  =  2940  lb. 
Vith  an  allowable  working  stress  of  16,000  lb.  per  sq.  in.,  the  area  at  the  root  of  thread  is  2940/16,000  =  0.184 
q.  in.  From  the  table  of  screw  threads  on  p.  238,  also  given  in  the  steel  handbooks,  it  will  be  found  that  a  %- 
a.  round  rod  will  answer.  If  the  load  to  be  carried  is  too  large  for  a  single  line  of  ^g  or  Ji-in.  tie  rods,  the  load 
an  be  reduced  by  adding  another  line  of  ties. 

The  method  of  attachment  of  tie  rods  at  the  ridge  requires  some  consideration.  Two  methods  of  making 
he  ridge  connection  are  shown  in  Fig.  88.  In  Fig.  88(a),  two  purlins  are  provided  at  the  ridge.  The  line  of  tie 
ods  on  either  side  of  the  ridge  is  joined  by  means  of  a  short  connecting  tie.  Fig.  88(6)  shows  the  force  diagram 
or  the  determination  of  the  stresses  in  the  rods  and  the  load  to  be  carried  by  the  purlin  due  to  the  tie  rods.  It  is 
irobable  that  a  larger  section  will  have  to  be  provided  at  the  ridge  in  order  to  carry  the  heavy  concentration  brought 
o  this  point  by  the  tie  rod.      Fig.  88(c)  shows  an  arrangement  in  which  a  single  I-beam  forms  the  ridge  support. 


Fig.  88. 


The  diagram  of  forces  is  shown  in  Fig.  88(d). 


WOODEN  COLUMNS 
By  Henry  D.  Dewell 


Interior  columns  of  buildings,  supporting  floors  only,  are  normally  square  in  cross  section, 

li/hile  columns  supporting  roof  trusses  are  usually  made  rectangular  in  order  to  attain  greater 

tiffness  in  the  plane  of  the  roof  truss  than  in  the  plane  of  the  building  wall.     Columns  sup- 

orting  roof  trusses  may  take  bending  stresses,  due  to  wind,  far  in  excess  of  the  unit  stresses 

reduced  by  the  weight  of  the  roof  and  wall  constructions. 
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Intorior  columns,  when  exposed,  are  usually  surfaced  four  sides,  and  the  corners  champ- 
fcred.  Sonietinios  the  columns  are  bored  from  end  to  end  with  a  li^^-in.  hole,  and  with  M-in. 
holes  at  top  and  bottom  extending  from  the  face  of  column  to  the  core  hole.  This  is  done  in 
order  to  prevent  dry  rot,  and  to  reUeve  the  usual  condition  of  rapid  drj'ing  out  of  the  exterior  of 
the  column,  and  slow  seasoning  of  the  interior  timber. 

Wooden  columns  with  a  ratio  of  -7  greater  than  20  will  fail  by  lateral  buckling.     No  wooden 

column  should  be  designed  with  a  greater  -r  than  60,  and  good  practice  will  lower  this  limiting 

slenderness  ratio  to  40. 

A  general  treatment  pertaining  to  columns  and  column  loads  is  given  in  the  chapter  on 

"Columns"  in  Sect.  1.     For  splicing  wooden  columns  and  for  column  connections,  see  Arts. 

121  and  123.     Bending  and  direct  stress  in  columns  is  treated  in  Sect.  1. 

65.  Formulas  for  Wooden  Columns. — All  modern  formulas  for  wooden  columns  assume 

the  case  of  square-ended  columns,  and  this  con- 
dition of  ends  is  the  only  condition  recognized 
in  practice.  Practically  all  of  the  tests  on  wooden 
columns  have  been  made  with  flat  ends. 

A  number  of  formulas  have  been  proposed  and 
are  in  use  for  determining  the  safe  working  strength 
of  wooden  columns.  With  few  exceptions  these 
formulas  are  of  the  experimental  type — that  is,  they 
are  based  on  the  results  of  tests.  The  stiaight-line 
formula  is  the  type  most  favored  by  engineers.  The 
two  formulas  of  this  type  most  generalh^  used  are 
(see  also  Sect.  1,  Art.  99):  (1)  the  formula  of  the 
American  Railway  Engineering  Association 
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and  (2),  the  Winslow  formula 


\         80  d  J 


10      20      30     40     50     60 


Values  of  -^ 


The  second  class  of  column  formulas  gives  a 
curved  graph.  Of  this  type,  the  following  formula 
of  the  U.  S.  Department  of  Agriculture  is  extensively 


FlQ. 


-Curves  of  column   formulas. 
1600). 


(C  =       employed 


p  =  c( 


700  +  15c 
700  +  15c  +  c 


0 


In  the  above  formulas,  p  =  average  unit  compression  fib.  per  sq.  in.). 

C  =  compressive  strength  for  short  columns  (lb.  per  sq.  in.). 

L 
'  ^  d 

L  =  length  of  column  in  inches. 
d  =  least  cross-sectional  dimension  of  column  in  inches. 

For  the  range  of  values  of  ,  occurring  in  ordinary  building  construction,  the  three  preceding 
formulas  will  give  approximately  the  same  results.  Fig.  89  shows  the  graphs  of  these  formulas 
for  working  conditions,  with  C  =  1600.     For  columns  with  a  slenderness  ratio  f   r  j  less  than 

15,  the  unit  stress  to  be  used  is  that  for  -j  =  15. 

a 
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^^'--m 


The  latest  cohiinii  fonmila  in  goncral  use  is  that  of  the  Forest  Products  I.aborator.v, 
Madison,  Wis. 

P 

where  ^  =  allowable  column  stress,  in  pounds  per  square  inch. 

C  =  safe  stress  for  the  material  in  compression  parallel  to  grain,  in  pounds  per  square 

inch,  for  short  columns. 
L  =  unsupported  length  of  column,  in  inches. 
d  =  least  dimension  of  cohmin,  in  inches. 

K  =  a  constant  dependent  on  the  modulus  of  elasticity  and  the  maximum  crushing 
strength  parallel  to  grain,  which  in  turn  vary  with  the  species  and  grade. 
See  tables  in  tiie  appendices  at  the  end  of  Vol.  II  for  values  of  K  and  other  information 
relating  to  timber  strength. 

Table  1,  p.  201,  gives  the  unit  stress  for  timber  columns  for  various  ratios  of  -r,  and  values 

a' 
of  C  from  1000  to  1600  inclusive,  corresponding  to  the  formula  of  the  U.  S.  Department  of 
Agriculture.     Table  2  gives  similar  quantities  using  the  American  Railway  Engineering  Asso- 
ciation formula.     Table  3  gives  the  safe  loads  in  thousands  of  pounds  for  surfaced  square  timber 
columns,  by  the  American  Railway  Engineering  Association  formula. 

66.  Ultimate  Loads  for  Columns.— It  is  sometimes  necessary  to  investigate  the  ultimate 
strength   of  wooden   columns.     Unfortunately,   the   ultimate  strength   of  a   timber   column, 

especially  of  a  long  column,  or  a  column  with  an  t  of  from  40  to  60,  is  indeterminate.  The 
tests  which  have  been  made  on  long  columns  of  sections  commensurate  with  those  used  in 
building  construction  are  not  sufficient  in  number  to  justify  confidence  in  the  values  given  by 
formulas. 

From  the  results  of  tests  made  by  the  Watertown  Arsenal,  J.  B.  Johnson  proposed  for  tim^ 
her  columns  the  following  formulas: 

Ultimate  strength  for  partially  seasoned  yellow  pine  columns 

/;  =  4500  -  l-o(^)' 
Ultimate  strength  for  partially  seasoned  white  pine  column 

p  =  2500  -  0.5(^^y 
Ultimate  strength  for  dry  long  leaf  i)ine  column 

p  =  6000  -  1-5(7)^ 
Ultimate  strength  for  dry  white  pine  column 

p  =  3600  -  0.72  (^^y 

W.  H.  Burr,  from  a  study  of  the  same  tests,  recommends  the  formulas: 
For  yellow  pine 

p  =  5800  -  7O3 
a 

For  white  pine 

p  =  3800  -  47^ 

One  other  column  formula  needs  to  be  mentioned,  since  it  has  been  used  quite  extensively 
In  the  past.  This  is  the  formula  of  C.  Shaler  Smith  who  made  some  1200  tests  on  full-sized 
specimens  of  square  and  rectangular  yellow  pine  columns  for  the  Ordnance  Department  of 
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the  Confederate  Government, 
tlae  formula  of  Smith  is 


For  green,  half-seasoned  sticks  of  good  merchantal)le  liinilxT 
6400 


P 


^  250  d* 


Sfe3 


(o) 


Fig.  90. — S  e  c  t  i  o  n  s   of 
built-up  columns. 


This  formula  gives  much  lower  strength  values  for  wooden  columns  than  any  of  the  preceding 
formulas. 

All  of  the  above  formulas  for  ultimate  strengths  are  based  on  short-time  loadings.  J.  B. 
Johnson,  in  some  75  tests  made  to  investigate  the  effect  of  time  on  continued  uniform  loading 
of  timber  in  end  compression,  found  that  but  little  more  than  one-half  the  short-time  ultimate 
load  will  cause  a  column  to  fail,  if  left  on  permanently.  In  other  words,  the  ultimate  strength 
of  a  timber  column  under  permanent  loads  is  approximately  one-half  the  ultimate  strength  of 
the  same  column,  as  determined  from  the  results  of  an  actual  test  in  a 
testing  machine. 

67.  Built-up  Columns. — The  preceding  discussion  apphes  only  to 
columns  consisting  of  single  sticks  of  timber.  Built-up  columns  may 
be  divided  into  two  types;  (1)  those  of  soUd  section  made  up  of  thin 
planking  and  nailed,  or  nailed  and  bolted;  and  (2)  columns  of  solid 
section  bolted  and  keyed  together,  also  latticed  or  trussed  columns. 

Type  (1). — Columns  of  the  first  class  are  often  used  in  cheap  construction  and,  unfortu- 
nately, in  situations  where  there  is  no  excuse  for  not  using  a  soUd  section.  Carpenters,  in  order 
to  make  use  of  material  available  or  handy,  will  often  build  up  posts  spiked  together  instead 
of  using  a  soUd  section,  in  the  belief  that  they  are  furnishing  a  stronger  column  than  the  larger 
timber  of  one  piece.  Tests  have  conclusively  shown  that  a  column  of  two  or  three  pieces  of 
timber  blocked  apart  and  bolted  together  at  the  ends  and  middle  has  no  greater  strength  than 
the  sum  of  the  strengths  of  the  component  sticks,  each  acting  as  a  single  column,  entirely 
independent  of  the  other  sticks. 

The  strength  of  a  built-up  column  of  this  class  depends 
wholly  upon  the  ability  of  the  fastenings  to  resist  initial 
deflection  under  loading.  Such  columns  are  u.sually  designed 
with  one  of  two  typical  sections:  a  column  composed  of  a 
number  of  planks  laid  face  to  face  and  bolted  or  spiked 
together,  as  shown  in  Fig.  90(a);  or  a  column  composed  of 
planks  face  to  face  with  their  edges  tied  together  by  cover- 
plates,  as  in  Fig.  90(6).  Of  the  two  details,  that  of  Fig.  90(6) 
is  far  superior  to  Fig.  90(a).  When  a  column  of  the  type 
shown  in  Fig.  90(6)  is  thoroughly  spiked,  in  addition  to  being 
bolted,  the  strength  of  column  is  undoubtedly  greater  than 
the  sum  of  the  strengths  of  the  component  planks  acting  as 
individual  sticks.  From  tests  made  bj^  the  writer,  it  is 
recommended  that  the  strength  of  a  built-up  column  of  the 
type  of  Fig.  90(a)  be  taken  at  80%  of  the  mean  of  the  strength 
computed,  (1)  as  a  solid  stick,  and  (2)  as  a  summation  of  the 
strength  of  the  individual  sticks  considered  as  individual 
columns.  For  columns  of  the  type  of  Fig.  90(6),  it  is  recommended  that  the  strength  be  taken 
as  80%  of  that  of  a  solid  stick  of  equal  cross  section  and  length. 

The  preceding  recommendations  are  for  built-up  columns  taking  no  appreciable  bending 
stresses;  in  other  words,  for  columns  whose  loads  are  balanced  about  the  gravity  center  of  the 
column  section.  Obviously,  the  resistance  to  bending  of  a  built-up  column  of  this  class  is  low, 
as  has  been  pointed  out  in  the  case  of  built-up  girders  (see  Art.  45). 

Type  (2). — In  framing  for  large  timber  buildings,  as  for  expositions,  wooden  columns  arc 
sometimes  constructed  of  two  posts  bolted  and  keyed  together  (Fig.  91a),  two  posts  laced  with 
diagonal  sheathing  (Fig.  916),  or  four  posts  laced  together  (Fig.  91c).     Such  a  construction  may 


(c) 


Fig.  91. — Heavy  built-up  columns. 
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Table  1. — Working  Unit  Stresses  in  Pounds  per  Square  Inch  for  Timber  Columns 
WITH  Square  Ends,  Symmetrically  Loaded   ■ 

(Formula  of  U.  S.  Department  of  Agriculture) 


Working  unit  stresses  in  pounds  per  square  inch  for  values  of  "C"  as  indicated 

L/d 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

15 

804 

884 

965 

1046 

1127 

1206 

1284 

16 

785 

864 

943 

1022 

1100 

1179 

1255 

17 

767 

844 

921 

998 

1075 

1150 

1226 

18 

749 

823 

899 

974 

1050 

1124 

1199 

19 

730 

805 

878 

950 

1025 

1097 

1170 

20 

712 

786 

857 

928 

1000 

1071 

1143 

21 

695 

768 

837 

905 

975 

1046 

1117 

22 

679 

750 

817 

883 

951 

1020 

1090 

23 

663 

731 

796 

861 

929 

996 

1063 

24 

647 

714 

778 

841 

906 

971 

1039 

25 

631 

697 

759 

821 

884 

949 

1013 

26 

617 

681 

741 

802 

864 

927 

989 

27 

601 

664 

724 

784 

844 

905 

965 

28 

587 

648 

707 

766 

824 

883 

942 

29 

573 

632 

690 

748 

805 

862 

920 

30 

559 

617 

674 

730 

787 

841 

899 

31 

547 

601 

659 

713 

768 

821 

878  , 
856 

32 

534 

587 

643 

696 

750 

801 

Table  2. — ^ Working  Unit  Stresses  in  Pounds  per  Square  Inch  for  Timber  Columns 
WITH  Square  Ends,  Symmetrically  Loaded 

(Formula  of  American  Railway  Engineering  Association) 


Working  unit  stresses  in  pounc 

s  per  square  inch  for  values 

of  "C"  as  indicated 

L/d 

1000 

1100 

1200 

1300        1400 

1500    1      1600 

1 

15 

749 

824 

000 

974 

1049 

1125 

1200 

16 

732 

806 

879 

952 

1025 

1100 

1182 

17 

716 

787 

860 

930 

1002 

1075 

1145 

18 

700 

769 

840 

909 

979 

1050 

1119 

19 

683 

750 

819 

887 

955 

1025 

1092 

1       20 

666 

732 

800 

866 

932 

1000 

1065 

21 

649 

714 

779 

843 

909 

975 

1039 

22 

632 

696 

760 

822 

885 

950 

1012 

23 

616 

677 

739 

801 

862 

925 

985 

24 

600 

659 

720 

779 

839 

900 

959 

25 

582 

640 

699 

757 

815 

875 

932 

26 

566 

622 

680 

735 

792 

850 

906 

27 

549 

604 

659 

714 

769 

825 

879 

28 

533 

585 

639 

692 

746 

800 

852 

29 

516 

567 

620 

670 

722 

775 

825 

30 

500 

548 

599 

649 

699 

750 

799 

31 

483 

530 

580 

627 

675 

725 

772 

32 

466 

512 

559 

606 

651 

700 

745 
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be  necessary  for  the  long  story  heights  encountered 
in  such  buildings.  The  lacing  shown  in  the  detail  of 
Fig.  91(c)  may  be  spiked,  bolted,  or  attached  by 
means  of  lag  screws,  as  determined  usually  by  con- 
sideration of  the  stresses  in  the  lacing  due  to  wind 
shear.  For  dead  loads,  it  is  well  to  assume  that  the 
individual  timbers  act  as  separate  columns,  not  held 
together  by  the  fastenings.  The  lacing  may  be  at  60 
or  at  45  deg.  with  the  axis  of  the  column,  depending 
on  the  judgment  of  the  designer.  In  general,  the 
writer  prefers  the  60-deg.  lacing. 

68.  Column  Bases. — Except  for  temporary  con- 
struction, building  footings  at  the  present  time  are 
constructed  of  concrete,  reinforced  concrete,  or  steel 
grillages  incased  in  concrete.     The  statement  maj^ 


Fig.  92. 


Fia.  93. — Duplex  steel 
post  base. 


Fia.  94. — Typical  details  of  construction  with  "Falls"  post  caps 
and  bases. 
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be  made,  therefore,  that  the  first-story  column  of  any 
building  will  rest  on  a  concrete  footing.  A  base  plate 
between  the  bottom  of  post  and  top  of  footing  is  a 
necessity  for  two  reasons:  (1)  to  distribute  the  column 
pressure  over  the  footing  without  exceeding  the  safe 
unit  bearing  pressure  for  concrete;  and  (2)  to  prevent 
moisture  from  entering  the  bottom  of  the  column  and 
causing  rot.  For  this  purpose  a  wooden  plate, 
preferably  of  redwood  or  cedar,  a  standard  metal 
column  base,  a  cast-iron  base,  a  cast-steel  base,  or  a 
2m  plain  steel  plate  or  a  rolled  steel  slab  may  be  used.  A 
plain  or  rolled  steel  plate  is  often  found  to  be  as 
satisfactory  and  more  economical  than  the  standard 
metal  post  base.  If  a  single  plate  is  used,  the  thick- 
ness must  be  sufficient  to  give  strength  to  the  plate,  in  flexure,  to  distribute  the  load  uniformly 
over  the  footing,  with  a  uniform  distribution  of  pressure  on  the  footing. 
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Illustrative  Problem. — Given  a  12  X  12-in.  column  carrying  a  load  of  130,000  lb.  Using  a  working  value  o 
400  lb.  per  sq.  in.  for  bearing  on  the  concrete,  a  base  of  130,000/400  =  326  sq.  in.  is  reqmred,  or  18  in.  square.  Th 
plate  will  then  project  3H  in.  from  each  face  of  column.  The  bending  moment  on  the  plate  may  be  taken  a 
/ 130  000'^  /^^-^  ^y^  _  ^130^000-^  ^y^-^  ^^^^  ^   (32.500)  (2.17)   =  70,500  in.-lb.     This  moment  is  resisted  by  th 

full  width  of  base.  As  the  plate  is  in  effect  a  short,  thick  beam,  a  maximum  flexural  fiber  stress  of  20,000  lb.  per  sq.  ir 
for  structural  steel  may  be  used,  giving  a  required  section  modulus  of  3.53.  Therefore  S  =  (H)(18)(d2)  =  3.53,  o 
d  =  -v/l.l8  =  1.08,  or  a  li-ie-in.  plate. 

In  detailing  the  base  of  column,  it  is  well  to  set  a  dowel  into  the  concrete  and  let  the  sam 
project  into  the  bottom  of  post.  The  size  of  dowel  is  a  matter  of  judgment.  For  a  12  X  12-in 
post,  the  dowel  should  be  not  less  than  IJ^  X  6  in. 

If  the  use  of  a  standard  column  base  is  contemplated,  the  particular  base  should  b 
examined  to  make  sure  its  composition  is  sufficiently  strong  to  distribute  its  load  equally  ove 
the  foundation. 

It  remains  to  be  stated  that  all  metal  bases  should  be  well  painted.  The  bottoms  of  col 
umns  should  be  given  two  coats  of  a  good  wood  preservative.  The  top  of  the  concrete  footin 
should  be  set  a  few  inches  above  the  floor  to  prevent  moisture  standing  around  the  bottom  of  th 
column. 

Figs.  92,  93  and  94  show  standard  post  bases,  taken  from  manufacturers'  catalogs. 

CAST-IRON  COLUMNS 
By  H.  S.  Rogers 

69.  Use  of  Cast-iron  Columns. — Cast-iron  columns  are  suitable  only  for  small  building 
of  non-fireproof  construction.  They  ofTer  somewhat  greater  resistance  to  fire  than  unprotecte 
steel  columns  and  occupy  a  minimum  of  space  in  the  building,  but  cast  iron  is  by  no  means  s 
reliable  as  steel  and  the  bolted  connections  of  cast-iron  columns  allow  more  or  less  later; 
movement  which  is  serious  in  high  buildings. 

Columns  of  this  material  should  not  be  used  with  fabricated  steel  in  skeleton  constructio 
or  under  conditions  which  produce  flexural  stresses  of  any  magnitude,  other  than  those  due  t 
concentrically  loaded  column  action.  The  unreliability  of  cast-iron  columns  is  due  to  tb 
variation  in  quality  of  the  material,  defects  Hkely  to  occur  in  casting,  and  the  difficulty  t 
thorough  inspection. 

70.  Properties  of  Cast  Iron. — Cast  iron  has  a  very  high  unit  compressive  strength — usuall 
considered  to  be  about  80,000  lb.  per  sq.  in.  This  material,  however,  is  not  strong  in  shear  c 
tension,  the  average  ultimate  shearing  stress  being  18,000  lb.  per  sq.  in.,  and  the  average  ult 
mate  tensile  stress  15,000  lb.  per  sq.  in.  The  ultimate  intensitj^  of  stress  which  can  be  develope 
in  a  piece  of  cast  iron  varies  with  its  fineness  of  grain,  and  depends  largely  upon  its  thicknes 
and  the  rate  of  cooling,  as  well  as  its  composition.  The  high  compressive  stresses  make  it 
very  desirable  material  to  use  in  compression,  but  because  of  the  somewhat  treacherous  natur 
of  cast  iron,  the  high  compressive  stresses  found  are  often  misleading.  Also,  the  low  shearin 
and  tensile  values  prechide  its  use  under  any  condition  other  than  that  of  direct  compressior 
It  does  not  rust  so  quickly  as  steel  and  resists  fire  somewhat  better,  but  may,  however,  be  sub 
jected  to  serious  strains  because  of  sudden  cooUng  with  water  from  a  fire  stream.  It  is  very  har 
and  brittle,  and  fractures  suddenly  without  warning.  No  riveted  connections  should  be  mad 
to  cast  iron.  All  connections  of  girders  to  columns,  or  column  to  column,  must  therefore  b 
made  by  bolts  which  impair  the  rigidity  of  a  structure  by  the  allowance  for  clearance. 

71.  Manufacture  of  Cast-iron  Columns. — Cast-iron  columns  may  be  cast  in  sand  mold  ^ 
either  upon  the  side  or  on  end.  In  either  case  a  baked  core  molded  to  the  dimensions  of  th 
inside  of  the  column  must  be  made  of  sand,  flour,  and  water,  and  supported  within  the  sam 
mold.  There  are  practical  conditions  surrounding  every  part  of  the  work  which  will  determin 
the  quality  of  the  column  produced.  Many  pronounced  defects  found  in  columns  are  due  t« 
the  method  of  pouring  used  in  their  manufacture. 
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If  the  column  is  cast  on  its  side,  the  core  will  he  Inioyed  up  within  the  mold  because  of  thc^ 
en  ;it  difference  in  density  between  it  and  the  molten  metal.  Provision  must,  therefore,  be; 
made  to  prevent  the  core  from  rising  toward  the  top  side  of  the  mold,  or  from  being  sprung  from 
liiir  so  that  the  mid-portion  of  the  top  side  of  the  casting  will  be  thinner  than  the  desired  thick- 
ness. This  defect  produced  by  "floating  cores"  is  one  which  is  frequently  found  in  cast-iron 
olunms.  The  molten  metal  rising  in  the  mold  carries  dirt  and  air  above,  in  which  will  form 
honeycomb"  and  "blowholes"  along  the  top  side  of  the  column,  unless  provision  is  made  by 
•  iits  for  the  escape  of  the  air.  This  provision  can  be  made  by  forcing  a  wire  rod  through  the 
Id  at  intervals.  When  these  difficulties  have  been  overcome,  there  are  still  others  which  may 
^e  due  to  unequal  cooling  produced  by  the  manner  or  speed  of  pouring,  by  the  condition  of 
)art  of  the  mold,  or  by  the  unequal  radiation  in  the  molds.  The  last  may  be  due  to  an  unequal 
inrovering  of  the  mold.  Unequal  cooling  may  produce  stresses  which  will  crack  the  column 
jeture  any  load  is  placed  upon  it. 

The  end  method  of  casting  avoids  some  of  these  difficulties  if  the  molten  metal  is  introduced 
It  the  bottom  of  the  mold.  The  dirt,  sand,  and  air  that  collect  will  thus  be  borne  to  the  top 
)f  the  mold  so  that  they  can  be  removed,  but  the  pressure  produced  by  the  head  of  molten 
netal  will  often  be  greater  than  the  mold  can  withstand,  if  the  column  is  of  any  considerable 
ength.  The  defects  found  in  columns  cast  on  end  will  not,  however,  be  so  numerous  as  those 
ound  in  columns  cast  on  the  side.  These  defects  can  be  eliminated  to  some  extent  by  careful 
oundry  work.     If  not  eliminated,  they  should  be  caught  at  the  time  of  inspection. 

72.  Inspection  of  Cast-iron  Columns.— Cast-iron  columns  may  have  defects  either  in  the 
urface,  or  within  the  metal,  or  may  have  insufficient  strength  due  to  variation  in  the  section 
f  the  metal  due  to  displacement  of  the  core.  Defects  in  the  surface  can  be  found  by  a  careful 
xamination  of  the  column.  Defects  within  the  metal  can  be  discovered  by  a  careful  tapping 
f  the  column  with  a  hammer,  as  the  honeycomb  or  sand  spots  will  sound  dead.  In  hollow  square 
r  round  columns,  variation  in  thickness  of  the  metal  can  be  determined  by  drilling  two  or 
hree  M-in.  holes  through  the  column.  If  this  variation  is  more  than  }i  in.,  the  column  should 
e  rejected.  The  H-section  affords  easy  access  to  the  surface  for  inspection  and  painting,  and 
pportunity  to  measure  the  section.  Columns  with  brackets  should  be  carefully  inspected 
t  these  details,  especially  if  the  column  has  been  poured  on  its  side  through  the  bracket. 

73.  Tests  of  Cast-iron  Columns.— The  Department  of  Buildings  of  New  York  City  made 
series  of  tests  upon  cast-iron  columns  some  years  ago  at  the  works  of  the  Phoenix  Bridge  Co. 

fine  columns  were  tested  to  destruction  and  a  tenth  to  the  capacity  of  the  testing  machine. 
IX  of  the  ten  columns  had  a  diameter  of  15  in.,  a  length  of  15  ft.  10  in.,  and  a  thickness  of  shell 
f  1  m.;  two  had  a  diameter  of  8  in.,  a  ratio  of  L/d  equal  to  20,  and  a  shell  thickness  of  1  in.; 
ivo  had  a  diameter  of  6  in.,  a  ratio  of  L/d  equal  to  20,  and  a  shell  thickness  of  1  in. 

The  columns  broke  at  loads  varying  from  22,700  lb.  per  sq.  in.  to  over  40,400  lb.  per  sq.  in., 
3e  latter  being  the  intensity  of  stress  in  one  of  the  15-in.  columns  which  withstood  the  total 
ipacity  of  the  machine.  The  other  five  15-in.  cohimns  all  exhibited 
mndry  dirt,  honeycomb,  cinder  pockets,  or  blowholes. 

74.  Design  of  Cast-iron   Columns. — The  sections  of  cast-iron 
iDlumns  in  general  use  are  shown  in  Fig.  95.     The  hollow  cylindrical 
l;ction  gives  the  best  distribution  of  metal  in  a  column,  but  the  con-     ^^^-  95.— Cast-iron  column 
ection  details  do  not  work  so  nicely  as  those  for  the  hollow  square 

action,  which  is  almost  as  efl^cient  in  distribution  of  material.  The  hollow  square  section,  on 
le  other  hand,  has  disadvantages  which  are  not  found  in  the  hollow  cyhndrical  section.  The 
Drners  of  the  square  section  are  very  Hable  to  crack,  due  to  the  coohng  of  the  column;  but  this 
m  be  obviated  by  an  outside  curved  corner  and  an  inside  fillet.  The  H-section,  though  not 
=fording  a  distribution  of  material  so  eflficient  as  the  hollow  cylindrical  or  hollow  square  column, 
IS  the  advantages  of  being  open  to  inspection,  of  being  cast  without  a  core,  and  of  being 
isdy  budt  into  a  brick  wall.     It  meets  with  the  greatest  favor  as  a  wall  column. 

The  allowable  unit  stresses  in  the  sections  of  cast-iron  columns  are  determined  as  discussed 
Sect.  1,  Art.  98.  The  type  of  column  is  first  selected  and  then  tested  for  its  total  strength 
the  application  of  one  of  the  column  formulas  for  unit  stresses.     There  are  two  tvpes  of 
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formulas  in  general  use  for  determining  the  unit  stresses  in  cast-iron  columns:  the  Gordon  and 
tlie  straight  line.  The  Gordon  type  is  specified  by  the  building  code  of  Philadelphia  and  the 
straight-line  type  by  the  codes  of  New  ^'ork,  Boston,  Chicago,  and  Seattle.  In  the  Gordon 
type  the  radius  of  gyration  has  been  replaced  by  the  value  d,  which  is  the  outside  diameter  of 
cylindrical  section,  or  the  outside  dimension  of  the  square.     This  can  be  done  by  changing  the 

L2      . 
constant  in  the  denominator  of  the  factor  a— ^ ,  since  the  radius  of  gyration  for  any  particular 

value  of  thickness  of  the  shell  bears  a  direct  relation  to  the  outside  dimension,  and  since  the 
radii  of  gyration  for  any  outside  dimension  are  practically  the  same  for  all  the  standard  thick- 
nesses of  shell.     The  formulas  adopted  in  several  codes  are  given  in  Sect.  1,  Art.  98. 

The  following  specifications  should  be  observed  in  the  design  of  the  shafts  of  cast-iron 
columns; 

The  minimum  thickness  of  the  shell  should  not  be  less  than  J4  in.;  the  maximum  thickness  should  not  be 
greater  than  IJ4  to  23.^  in. 

The  maximum  diameter  should  not  be  greater  than  16  in. ;  the  minimum  diameter  should  not  be  less  than  5  or  6 
in. 

The  slenderness  ratio,  L/t,  should  not  exceed  70;  the  unsupported  length  of  the  column  should  not  exceed 
20  times  the  least  diameter. 

All  corners  should  be  filleted  with  a  radius  of  J-^  or  9^  in. 

No  inside  offset  nor  any  sudden  change  in  the  thickness  of  shaft  should  be  made. 

75.  Column  Caps  and  Bases. — Hollow  cylindrical  and  square  cast-iron  columns  are  gener- 
ally fastened  together  by  a  simple  flanged  base  and  cap  as  shown  in  Fig.  96  (a)  and  96  (6). 


If^ 


Fia.   9G. — Cast-iron  column  details. 

The  flanges  should  not  be  thinner  than  the  shaft  of  the  column  and  should  be  at  least  3  in.  wide 
which  width  will  be  sufficient  for  hexagonal  nuts  on  ^^-in.  bolts.  These  flanges  should  be  facec 
at  right  angles  to  the  axis  of  the  column.  The  bolt  holes  in  the  flanges  should  be  drilled  to  t 
templet  so  that  the  columns  can  be  fitted  together  in  proper  alignment  and  the  flanges  should  b( 
spot-faced  at  bolt  holes  so  that  they  will  give  a  square  firm  bearing  to  bolts  and  nuts.  If  tht 
ends  of  cast-iron  columns  must  be  left  rough,  sheets  of  lead  or  copper  should  be  placed  betweer  "^^ 
flanges  of  columns  bolted  together,  so  that  an  even  bearing  will  be  obtained  by  the  soft  meta^ 
taking  up  the  inequalities  of  the  surface.  In  no  case  should  shims  be  used  to  wedge  up  ont  ~" 
side  of  a  column. 

.  If  it  IS  desired  to  give  any  architectural  pretentions  to  the  caps  or  bases  of  cast-iron  columns, 
the  design  of  such  should  be  made  so  as  not  to  weaken  the  shaft  section  of  the  column  by  change 
of  dimensions  or  offsets  that  will  throw  transverse  stresses  into  the  column.     Ornamental  caps  k.. 
or  bases  of  large  size  should  be  cast  separate  from  the  column. 

76.  Bracket  Connections. — The  usual  forms  for  the  connections  of  beams  and  girders  ol  ^  . 
cast-iron  columns  are  shown  in  Fig.  96(c),  96(d),  and  96(e)  and  in  the  table  of  "Manufacturers  l 
Standard  Cast-iron  Column  Connections."     The  beam  rests  upon  the  bracket  shelf  and  is  boltec  ..^^ 


i 
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to  the  lug  on  the  cohimn  through  the  web.     The  holes  in  the  web  of  the  beam  for  bolting  to 
the  lugs  should  be  drilled  in  the  field  in  order  to  match  the  cored  holes  of  the  lug. 

Connections  should  be  designed  with  a  bracket  directly  below  the  web  of  a  single  girder  or 
below  each  web  of  a  box  girder  so  that  no  transverse  bending  strains  will  be  thrown  into  the 
bracket  shelf.  The  bracket  shelf  should  be  given  a  slop  of  }i  in.  to  the  foot  away  from  the 
column  so  that  the  load  cannot  be  applied  at  the  end  of  the  shelf.  A  bracket  will  bear  only 
about  one-half  as  great  a  load  applied  eccentrically  at  the  edge  of  the  shelf  as  one  distributed 
over  the  shelf.  A  bracket  shelf  may  fail  in  one  of  three  ways,  (1)  by  shearing  through  shelf  and 
bracket  next  to  the  column,  (2)  by  transverse  bending,  or  (3)  by  tearing  out  a  section  of  the 
column  as  shown  in  Fig.  96(/). 

Manufacturers'  Standard  Cast-iron  Column  Connections 

(Dimensions  in  Inches) 


Depth  of 

A 

B 

C 

D 

E 

F 

G 

II 

K 

Thickness 

beam 

of  lugs 

Holes 

20 

5 

5 

6 

10>2' 

IH 

IH 

2 

l>i 

2 

1 

cored  for 
?4-in.  bolts 

18 

■1 

5 

6 

10>2' 

m 

m 

2 

1>2 

2 

1 

15 

.t 

3>i 

5>^ 

9H 

m 

IK 

2 

IH 

m 

1 

12 

3 

3 

4>^ 

7H 

l>i 

m 

' 

IK 

IK 

1 

0>-N_«' 


Depth  of 
beam 

A 

3 

C 

D 

E 

F 

G 

II 

K 

Thickness 
of  lugs 

Holes 

!      10 

1       ^ 

3>i 
3 

3H 
3 

4 
4 

7 
7 

l>i 
1 

1 
1 

2 
2 

IK 

IK 

IK 

1 
1 

cored    for 
Ji-in.  bolts 

8 

2>i 

3 

4 

7 

1 

1 

2 

IK 

IK 

?i 

7  . 

2>i 

2>^ 

4 

7 

1 

1 

2 

IK 

IK 


?i 

Tests  by  the  Building  Department  of  New  York  City  have  shown  that  brackets  will  not 
ail  by  shear  or  transverse  bending  on  columns  of  more  than  6-in.  diameter  if  designed  according 
o  standard  practice.  Of  22  brackets  tested,  those  on  8  or  15-in.  columns  failed  by  tearing  holes 
Q  the  body  of  the  column,  and  4  on  6-in.  columns  failed  by  shearing  or  transverse  stress. 
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The  design  of  bracket  shelves  b>-  any  ligorous  analytical  method  is  impossible.  Some  of  the 
factors  which  complicate  it  are  the  rate  of  cooling,  variations  in  the  thickness  of  metal,  and 
imperfections.  The  design  should,  however,  be  checked  against  failure  due  to  shear  or  trans- 
verse bending. 

STEEL  COLUMNS 
By  Clyde  T.   Morris 

77.  Steel  Column  Formulas. — Practical  column  formulas  that  are  in  use  in  this  country 
are  of  three  types,  the  Rankine  or  Gordon  type  (Formula  1),  the  straight  line  (Formula  2), 
and  the  parabolic  type  (Formula  3). 

/ 
V  =  jT— Rankine  or  Gordon  formula (1  ^ 

7>  =  /  —  m- Straight  lino  formula {2) 

p  =  f  —  n— Parabolic  formula (3' 

in  which  p  =  allowable  intensity  of  stress  over  the  column  section. 
/  =  maximum  allowable  intensity  of  stress  in  short  blocks. 
L  =  length. 

—  is  called  the  slenderness  ratio. 
r 

a,  m,  and  n  are  constants. 

The  constants  in  these  formulas  are  determined  from  experiments.  Many  authorities 
give  three  values  for  the  constant  "a"  in  Formula  (1),  corresponding  to  two  fixed  ends,  om 
fixed  and  one  pin  end,  and  two  pin  ends. 

-  A  general  treatment  pertaining  to  columns  and  column  loads  is  given  in  the  chapter  or 
"Columns"  in  Sect.  1.  Bending  and  direct  stress  in  columns  is  treated  in  the  chapter  or 
"Bending  and  Direct  Stress — Wood  and  Steel "  in  Sect.  1.  For  column  connections,  see  Sect.  3 
Art.  726. 

78.  Slenderness  Ratio. — The  unsupported  length  of  a  compression  member  should  nevei 
exceed  200  times  its  least  radius  of  gyration.     The  following  are  usually  recognized  as  the  uppei 

limits  of  the  value  of  -  for  the  various  classes  of  structures: 
r 

For  lateral  struts  carrying  wind  stresses  only,  in  buildings 150  to  200 

For  lateral  struts  carrying  wind  stresses  only,  in  bridges 120  to  150 

For  columns  in  buildings  with  quiescent  loads 120  to  150 

For  compression  members  in  bridges 100  to  120 

79.  Forms  of  Cross  Section. — For  economy,  the  radius  of  gyration  of  the  section  should  be 
as  large  as  possible.  This  makes  it  desirable  to  place  as  much  of  the  material  as  possible  as  fai 
from  the  axis  of  the  column  as  is  consistent  with  good  design.  The  hollow  cylinder  is  theoret- 
ically the  most  economical  form  of  column  cross  section,  for  in  this  form  all  of  the  material  is  a1 
a  maximum  distance  from  the  axis. 

Steel  pipe  columns  are  frequently  used  for  light  loads  where  the  loads  are  quiescent  and 
there  is  no  probability  of  a  lateral  component  to  the  forces  acting  on  the  column.  The  caps  and 
bases  of  these  are  usually  cast  iron  and  the  use  of  this  form  of  column  has  the  same  Umitations 
as  that  of  cast-iron  columns. 

Fig.  97  shows  the  more  common  forms  of  cross  section  for  steel  columns  and  struts. 

Struts  of  two  angles  (Fig.  97a)  are  commonly  used  for  light  lateral  bracing.  The  section 
is  unsymmetrical  and  for  this  reason  is  undesirable  for  main  compression  members.     Columns 
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T 

Co) 

2  angles 


=Tjr 

4  angles 
laced 


I  plafe  & 
4  angles 


composed  of  two  channels  laced  (Fig.  97^,  A,  and  k)  or  of  two  pairs  of  angles  laced  (Fig.  976)  are  not 
so  rigid  in  the  plane  of  the  lacing  as  those  in  which  the  parts  are  connected  by  plates.  Care 
should  be  used  in  proportioning  the  lacing  in  such  columns.  Types  i  and  /  are  forms  which  are 
commonly  used  for  top  chords  and  end  posts  of  bridges.  The  lattice  on  the  lower  side  permits 
access  for  cleaning  and  painting.  The  Bethlehem  H-section  (Fig.  97  e  and  /)  is  a  form  much 
used  in  building  work.  Type  (e)  without  cover  plates  is  very  economical  on  account  of  the 
small  amount  of  fabrication  necessary.  Type  (/)  is  much  more  expensive  as  it  is  necessary  to 
drill  the  holes  in  the  heavy  flanges  of  the  H-section  for  riveting  on  the  cover  plates.  These 
flanges  are  too  thick  to  punch.  Z-bar  columns 
(Fig.  97  q  and  r)  are  seldom  used  in  modern 
structures.  The  Gray  column  (Fig.  97s)  and 
the  four-angle  column  (Fig.  970  are  fre- 
quently used  in  combined  steel  and  concrete 
cohimns. 

80.  Steel  Column  Details. — The  component 
parts,  of  a  column  must  be  so  rigidly  connected 
together  that  they  cannot  deform  independently. 
The  entire  section  must  act  as  a  unit.  In  the 
types  of  columns  which  do  not  have  lacing,  the 
riveting  necessary  to  hold  the  parts  in  contact 
and  make  tight  joints  will  be  sufficient  to  trans- 
mit the  transverse  shear  and  ensure  the  action 
of  the  column  as  a  unit. 

80a.  Lattice  or  Lacing.— When  .^^^'^^if^on 
lattice  or  lacing  is  used  to  connect  the  parts  of 
a  column,  it  must  be  proportioned  to  take  the 
transverse  shear  caused  by  the  bending  of  the 
column.  Professors  Talbot  and  Moore,  in  the 
Trans.  Am.  Soc.  C.  E.,  Vol.  LXV,  p.  202,  give 
an  account  of  experiments  performed  at  the 
University  of  Illinois  to  determine  the  stresses 
in  lace  bars.  The  following  is  quoted  from  this 
report: 


3  plates  8c 

4  angles 


2  channels 
laced 


Channel 
ixix  sedion 


Bull'  channels 
laced 


Bui  If  ^ 
chond  secTi'on 


A 


JL  L 


(n) 

Box 
column 


(o) 

^channels 
/  I-Beam 

ir 


(p) 

^channels 
/  I-Beam 


(r) 

Z-Bar  column 
with  coi'ers 


Gray 
column 


4  angles 
laced 


iX>A 


The  measurements  indicate  stresses  in  the  lattice  bars 
which   would   be  produced  by  a  transverse  shear  equal  in  Fig.  97. 

amount  to  1  to  3  %  of  the  applied  compression  load,  or  to 

that   produced   by  a  concentrated  transverse  load  at  the  middle  of  the  column  length  equal  to  2  to  6  %  of  the  com- 
pression load. 


Two  methods  of  proportioning  lace  bars  are  in  common  use:  First  Method. — Column 
formulas  used  in  design  give  a  reduced  allowed  unit  stress  which  is  the  average  over  the  section. 
The  maximum  allowed  fiber  stress  on  the  cross  section  is  usually  included  as  a  factor  in  the 
formula,  and  the  difference  between  the  maximum  and  the  average  is  the  fiber  stress  caused  by 
the  bending  due  to  column  action.  This  difference  in  fiber  stress  is  assumed  to  be  due  to  a 
uniform  transverse  load  applied  to  the  column,  and  from  this  the  equivalent  transverse  shear 
may  be  calculated  as  follows: 

In  Formulas  (2),  (3),  or  (4) 

/  =  the  maximum  allowed  fiber  stress. 
p  =  the  average  unit  stress. 


f  -v  = 

from  which 


Mc 
I 


Mc 

Ar^ 

8(/ 


and  M  = 


(/  -  p)Ar-' 


—  p)Ar^       ,    ,  w'L 

-r-„- and  shear  =  — - 

L^c  2 


4(/  —  p)Ar- 
Lc 


(4) 
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Second  Method.^ — A  column  under  stress  will  deform  into  a  curve  with  a  point  of  contra- 
flexure  near  each  end,  the  distance  from  the  end  depending  upon  the  degree  of  fixity  of  the  end 
(see  Fig.  103,  Sect.  1,  p.  59).  At  these  points  of  contra-flexure  the  bending  moment  is  zero 
and  consequently  the  stress  on  the  column  cross  section  is  uniform.  Midway  between  the.se 
points  the  maximum  bending  moment  occurs,  and  the  maximum  unit  stress  in  compression  occurs 
on  the  concave  side.  Therefore  in  a  distance  equal  to  one-half  the  length  between  the  points  of 
contra-flexure,  the  unit  stress  in  the  concave  side  of  the  column  must  change  from  the  average 
to  the  maximum  allowed. 

Suppose  a  column  to  be  made  up  of  two  leaves  connected  by  lacing. 

As  before,  /  =  the  maximum  allowed  fiber  stress. 
p  =  the  average  unit  stress. 
Let  F  =  the  total  change  in  stress  in  one  leaf  of  the  column  in  a  distance  I. 

F 

s  =  the  total  change  in  stress  in  one  leaf  per  unit  of  length  =  y 

I  =  the  least  distance  from  a  point  of  contra-flexure  to  a  point  of  maximum  bending 

moment. 
L  =  the  total  length  of  the  column. 
Ai  —  the  area  of  cross  section  of  one  leaf. 
Then 

A,(f-p) 


F  =  Ai(f  —  p)  and  s  = 


I 


For  a  pivoted  end  column,  L  =  21,  and  for  a  fixed  end  column,  L  =  41.  Any  column  ir 
liractice  will  lie  somewhere  between  these  two  limits.  This  theory  assumes  that  the  rate  oi 
change  of  stress  in  the  leaf  is  uniform,  which  is  not  true,  but  in  any  case  eccentricities  of  manu- 
facture and  loading  may  make  I  different  than  theory  would  indicate.  Therefore,  to  be  on  thf 
safe  side,  take  L  =  41  in  all  cases;  then 

-  Formula  (.5)  gives  the  longitudinal  increment  of  stress  in  one  leaf  per  unit  of  length  oi 
column,  and  sufficient  connection  must  be  provided  between  the  leaves  to  transmit  this  stress 

In  either  the  first  or  second  method,  if  the  column  is  subject  to  an  external  bending  momeni 
in  the  plane  of  the  lacing,  this  must  be  included  in  getting  the  value  of  (/  —  p).  In  all  cases  the 
lace  bars  must  be  proportioned  to  carry  the  calculated  stress  in  either  tension  or  compression. 

The  inclination  of  lace  bars  with  the  axis  of  the  member  should  never  be  less  than  45  deg.. 
and  their  thickness  should  not  be  less  than  J^o  of  the  distance  between  rivets  for  single  lattice 
and  J  GO  for  double  lattice. 

The  following  minimum  widths  for  lace  bars  are  sanctioned  by  good  practice. 

For  members  15  in.  and  over  in  depth 2J^  in. 

For  members  9  to  12  in.  in  depth 2^  in. 

For  members  7  to  9  in.  in  depth 2      in. 

For  members  under  7  in.  in  depth 1^^  in. 

Illustrative  Problem. — A  column  14  ft.  long  is  composed  of  four  angles  3>^  X  S  X  He  laced,  12  in.  back  to  back 

(see  Fig.  976).     The  straight  hne  formula,  p  =  16,000  -  70    ,  will  be  used. 

r 

A  =  7.76  sq.  in. 

r  =  5.27  in.  in  the  plane  of  the  lacing. 
/  =   10,000  lb.  per  sq.  in. 
p  =  13,770  lb.  per  sq.  in. 
S  -p  =  2230. 
First  Method: 

„,               (4)(2230)(7.76)(5.27)^        ions  ik 
^^"'^^  =  04^27(6) =  ^^0^  1^- 

1  From  "Steel  Structures"  by  Clyde  T.  Morris,  p.  120. 
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If  the  lacing  makes  an  angle  of  45  dcg.  with  the  axis  of  the  member, 

Stress  in  lace  bar  =  (1905H1-414)   =  2690  lb. 
Distance  between  gage  lines  in  the  angles  =  12  —  (2)(1?4)   =  8.5  in. 
Distance  betv/een  end  rivets  in  lace  bar  =  (8.5)  (1.414)   =  12  in. 

12 


Try  lace  bars  2  X  He-     A  =  0.62  sq.  in. 
Allowed  unit  stress  for  lace  bar  =  16,000  — 


=  0.09  in. 

(70)(12) 


Second  Method: 


0.09 
Required   area  = 

(4)  (3.88)  (2230) 
(14)(12) 


6670  lb.  per  sq.  in. 


2690        „ ^„ 

6670  =  ^-^^  '"■   '"• 


=  206  lb.  per  lin.  in. 


If  the  lacing  inakes  an  angle  of  45  deg.  with  the  axis  of  the  member,  the  length  of  the  column  which  will  be  served 
by  one  lace  bar  will  be  8.5  in.     Longitudinal  increment  of  stress  in  one  leaf  per  lace  bar  =  (8.6)  (206)  =  1750  lb. 

Stress  in  lace  bar  =  1.414  X  1750  =  2475  lb. 


Required  area 


2475 
6670 


=  0.37  sq.   in. 


At  the  ends  of  latticed  compression  members,  stay  plates  must  be  provided  to  equalize  the 
distribution  of  stress  to  the  end  connections.  These  stay  plates  should  be  not  less  in  width  than 
the  width  of  the  member,  and  preferably  not  less  in  length  than  13^  times  the  width,  and  not 
less  in  thickness  than  3^o  of  the  unsupported  width.  At  the  ends  of  large  compression  members 
(say  over  24  in.  in  width)  a  diaphragm  is  desirable  between  the  webs,  with  a  length  of  about 
13'2  times  the  width  of  the  member. 

806.  Splices. — At  all  intermediate  joints  in  columns,  splice  plates  should  be 
provided  connecting  the  two  sections  (see  Fig.  268,  p.  317).  If  the  ends  of  the  sections  are 
not  faced  so  as  to  secure  a  good  bearing  of  one  section  on  the  other,  sufficient  splicing  material 
and  rivets  must  be  provided  to  take  the  entire 
stress  at  the  point.  If  the  joint  is  properly 
faced  and  a  good  bearing  is  ensured,  only 
sufficient  splice  need  be  provided  to  take  care 
of  the  bending  moment  at  the  point  and  to 
hold  the  parts  in  position.  In  case  of  a  con- 
centrically loaded  column,  the  moment  due 
to  column  action  used  in  the  derivation  of 
Formula  (4)  should  be  provided  for.  If 
there  is  an  external  bending  moment  due  to 
eccentric  loads  or  to  transverse  forces,  it 
should  be  added  to  the  moment  due  to 
column  action. 

1  80c.  Caps    and  Bases. — The 

use  of  column  caps  should  be  avoided.  If 
columns  composed  of  rolled  shapes  are  used,  such  as  are  shown  in  Fig.  97,  the  beams  or  trusses 
connecting  to  them  should  generally  be  riveted  to  the  webs  or  flanges  with  connection  angles, 
and  not  be  set  on  top  of  a  cap  plate.  At  intermediate  floors  the  column  shaft  should  never  be 
interrupted,  but  the  lower  story  column  section  should  be  run  through  the  floor  and  be  spliced 
to  the  upper  section  just  above  the  floor  line.  In  columns  of  one-story  length,  column  caps 
may  be  used  provided  the  beams  or  trusses  resting  on  them  are  properly  stayed. 

It  is  necessary  to  put  a  base  on  a  column  large  enough  to  distribute  the  loads  to  the  masonry 
footings  so  that  the  allowed  unit  bearing  stress  will  not  be  exceeded.  This  may  be  built  up  entirely 
of  rolled  plates  and  shapes  (Fig.  98a)  or  a  cast-iron,  a  cast-steel,  or  a  rolled-steel  slab  subbase 
may  be  interposed  between  the  column  base  proper  and  the  masonry  (see  Fig.  986).  In  case  a 
cast-iron  subbase  is  used,  the  anchor  bolts  should  run  through  it  and  connect  directly  to  the 
column  base  proper.  Gusset  plates  connecting  the  base  to  the  column  shaft  should  be  large 
enough  to  distribute  properly  their  proportion  of  the  stress  to  the  base. 


Boilfup 

column  base 

(a) 


Fig.  98. 
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81.  Combined  Steel  and  Concrete  Columns. — In  reinforced  concrete  buildings  it  is  some- 
times desirable  to  reduce  the  size  of  the  columns  below  that  which  would  be  required  for  a 
reinforced  concrete  column  of  the  usual  type.  This  may  be  done  by  using  a  steel  column  filled 
in  and  cased  in  concrete. 

Tests  made  by  Professors  Talbot  and  Lord  at  the  University  of  Illinois,  and  published  in 
the  University  of  Illinois  Bulletin  No.  56,  show  that  the  strength  of  the  combined  column  may 
be  calculat;d  on  the  assumption  that  the  steel  column  and  the  concrete  core  inside  the  steel 
act  independently. 

The  Gray  column  (Fig.  97s)  or  some  form  of  latticed  angle  column  (Fig.  97i)  is  best  adapted 
to  this  style  of  reinforcement.  The  steel  column  should  be  designed  and  detailed  in  all  respects 
similar  to  a  steel  column  without  concrete  casing.  The  concrete  core  enclosed  within  Unes 
joining  the  toes  of  the  angles  may  be  figured  as  a  concrete  column  reinforced  with  vertical  steel 
only.  The  steel  column  should  be  enclosed  with  light  hooping  to  prevent  the  concrete  ca.sing 
from  cleaving  loose  from  the  smooth  faces  of  the  steel. 


CONCRETE  COLUMNS* 
By  Arthur  R.  Lord 

82.  General. — A  wide  diversity  in  design  standards  for  reinforced  concrete  columns  exists 
through  the  country.  Most  city  building  codes  give  formulas  based  on  individual  interpreta- 
tions of  the  data  of  tests  in  which  the  load  was  applied  within  a  brief  space  of  time.  The  tests 
of  McMillan  and  LaGaard^  and  the  design  formulas  based  on  these  tests,  which  evaluate  the 
well-known  elements  of  initial  shrinkage  and  of  time  yield,  were  given  added  importance  by  theii 
adoption  by  the  national  Joint  Committee,  as  tentative  standards  by  the  American  Concrete 
Institute  and  by  the  Building  Code  Committee  of  the  Department  of  Commerce.  This  desigr 
standard  is  coming  into  use  increasingly,  although  the  older  standards  still  remain  in  the  slowlj 
changing  building  codes,  which  largely  govern  practice.     Both  types  of  formula  will  be  treated 

Jiere. 

83.  Column  Types.^Columns  made  of  concrete  or  modified  by  the  presence  of  concrete 
are  of  five  types: 

1.  Plain  concrete  columns  or  piers. 

2.  Concrete  columns  reinforced  by  vertical  bars  stayed  laterally  by  hoops  or  ties  at  con- 
siderable intervals. 

3.  Concrete  columns  reinforced  by  vertical  bars  placed  within  closely  spaced  wire  spirals. 

4.  Concrete  columns  as  in  3  but  with  an  additional  reinforcement  consisting  of  a  cast-iron 
core  along  the  longitudinal  axis  where  bending  stresses  are  low. 

5.  Structural  steel  columns,  incased  in  concrete  laterally  restrained  by  the  steel  or  by  an 
auxiliary  spiral  reinforcement. 

These  five  types  are  commonly  designated  (1)  plain,  (2)  tied,  (3)  spiral,  (4)  Emperger,  and 
(5)  steel-core  columns.     The  fourth  is  patented. 

84.  Nomenclature. — The  symbols  used  in  the  column  design  formulas  and  discussion  are 
P  =  total  safe  axial  load  on  column  whose  hjR  is  less  than  40. 

P'  =  total  safe  axial  load  on  column  of  greater  slenderness. 

A  =  area  of  concrete  core  within  the  fireproofing  or  spiral. 
Ac    =  net  area  of  core  concrete  after  deducting  longitudinal  reinforcing. 
As  =  effective  cross  sectional  area  of  longitudinal  reinforcing. 

p  =  ratio  of  area  of  longitudinal  steel  to  core  area. 

p'  =  ratio  of  area  of  cylinder  equivalent  to  spiral  reinforcing  to  core  area. 

/c  =  permissible  compressive  stress  in  core  concrete. 
jc    =  ultimate  compressive  strength  of  core  concrete. 

h  =  unsupported  column  height.  f 

1  See  also  Appendices  J  and  K.  T 

2  Proc.  Am.  Concrete  Inst..  Vol.  XVII,  p.  150,  1921.  J 
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R  =  radius  of  gyration  of  transformed  core  section  or  of  metal  core  as  indicated  by 

formula  in  which  used. 
Pr  =  total  safe  axial  load  on  metal  core. 
At  =  effective  cross  sectional  area  of  metal  core. 
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Fia.  99. — Arrangement  of  ties  in  square  and  rectangular  columns. 


Diagram  1 

Tied    Column    Design   by    Four 

Specifications 

Vff/ues  of  p 
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85.  Plain  Concrete  Piers. — The  height  of  this  type  of  column  is  commonly  limited  to  from 
3  to  6  times  its  least  cross  sectional  dimension.  The  Joint  Committee  and  A.  C.  I.  regulations 
set  the  lower  value.  The  compressive  stress  is  gen- 
erally stated  as  0.25  jc  or  500  lb.  per  sq.  in.  for 
2000-lb.  concrete. 

86.  Tied  Concrete  Columns. — These  columns 
are  commonly  square  or  rectangular  in  section,  less 
often  round.  The  Joint  Committee  report  permits 
the  entire  area  of  the  column  to  be  used  in  load 
carrying,  but  good  practice  commonly  limits  the 
load-bearing  area  to  a  core  surrounded  by  from  1  to 
2  in .  of  concrete  considered  only  as  fireproofing.  The 
spacing  of  the  ^-in.  round  ties,  which  must  be 
arranged  so  as  to  support  each  vertical  bar  in  at 
least  two  directions,  as  shown  in  Fig.  99,  is  commonly 
made  not  over  12  times  the  diameter  of  the  vertical 
bars.  The  Joint  Committee  limits  this  spacing  to  8 
in.  maximum.  The  cross  sectional  area  of  vertical 
bars  shall  be  not  less  than  K%  or  more  than  3%  of 
the  core  area. 

The  usual  design  formula  to  determine  the  safe 
axial  load  is 

P  =  (A/  +  A.n)  0.20/.' 

87.  Spiral  Columns.  J oint  Committee  and  A.  C. 
I.  Standards. — The  Joint  Committee  and  A.  C.  I. 
reports  provide  that  the  safe  axial  load  shall  not  be 
greater  than  that  determined  by  the  formula 

P  =  A[l  +  (n  -  l)p]  [300  +  (0.10  +  4p)//] 

in  columns  in  which  the  unsupported  length  divided 
by  the  radius  of  gyration  does  not  exceed  40.  The 
radius  of  gyration  is  computed  from  the  transformed 
section,  in  which  the  vertical  steel  area  is  multiplied 
by  n.  From  Diagram  2  the  value  of  R  for  circular 
cores  with  vertical  reinforcing,  not  in  excess  of  6%, 
may  be  direct  in  terms  of  d,  the  core  diameter,  pro- 
N^ided  the  vertical  steel  is  arranged  as  a  single  circle 
Df  bars  wired  to  the  spiral.  The  percentage  of  spiral 
reinforcement  is  made  not  less  than  one-fourth  of  the  percentage  of  vertical  steel.     The  spiral 

pacing  may  not  exceed  one-sixth  of  the  core  diameter  or  in  any  case  3  in.     Three  spacers 

ire  required. 


J32 
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The  vertical  bars  shall  consist  of  at  least  six  )-^-in.  round  bars.  The  cross  sectional  area 
of  the  vertical  bars  shall  be  not  less  than  1%  and  not  more  than  6%  of  the  core  area. 

Chicago  Standard. — This  is  the  most  widely  used  of  the  city  code  standards.  The  safe  axial 
load  shall  not  exceed  that  determined  from  the  formula 

P  =  0.25A/e'(l  +  2.5np')[l  +  (n  -  l)p] 

in  columns  in  which  the  unsupported  length  divided  by  the  least  diameter  does  not  exceed  12. 
The  equivalent  area  of  spiral  hooping  shall  be  not  less  than  0.5%  or  more  than  1.5%  of  the 
core  area.  The  pitch  of  the  spiral  shall  not  exceed  one-tenth  of  the  least  column  diameter  nor 
3  in.  in  any  case.  The  cross  sectional  area  of  vertical  reinforcement  shall  be  not  less  than 
that  of  the  spiral  hooping  and  shall  not  exceed  8%  of  the  core  area. 

Diagram  2 
Ratio  of  Radius  op  Gyration,  R,  op  Reinforced  Column  Core  to  Core  Diameter  d. 
Note. — Based  on  approximation  that  effective  diameter  of  ring  of  bars  will  be  0.9  of  core 
diameter.     This  will  not  apply  if  bars  are  arranged  in  two  rings,  and  the  value  of  the  radius 
of  gyration  should  be  computed  for  this  case  and  also  for  very  small  or  very  large  columns. 
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88.  Economy. — In  general,  the  greatest  economy  will  result  in  using  (1)  more  concrete  and 
less  longitudinal  reinforcing  steel  and  (2)  stronger  concrete.  The  maximum  economy  wil 
therefore  result  in  using  concrete  of  the  greatest  strength  in  combination  with  the  minimurr 
percentages  of  vertical  reinforcement.  Comparing  the  Joint  Committee  and  Chicago  types 
of  column  formulas,  the  Chicago  tj'pe  is  somewhat  more  economical  for  low  values  of  F j A 
while  the  Joint  Committee  type  is  more  economical  for  high  values  oiF  I  A.  The  cost  of  the  variou: 
types  as  worked  out  in  the  designing  problems  is  given  later.  It  should  be  borne  in  mind  thai 
the  use  of  low  percentages  of  longitudinal  steel  (where  economy  is  greatest)  with  the  Chicago 
type  of  formula  involves  very  high  final  stresses  in  that  steel  due  to  initial  shrinkage  and  long- 
time flow  of  the  concrete.  It  is  this  fact,  that  economy  leads  to  the  poorest  design  with  the 
Chicago  type  of  formula,  which  has  led  many  engineers  to  adopt  the  Joint  Committee  type  ol 
formula  wherever  possible. 

89.  Reinforcement  Details. — It  is  obvious  that  longitudinal  bars  which  have  been  benl 
accidentally  before  placing  and  are  not  true  will  throw  tensile  stresses  into  the  concrete  which 
will  be  especially  serious  in  the  tied  tj'pe.  Bar  sizes  should  not  be  made  small,  but  a  smallei 
number  of  larger  bars  should  be  selected  to  lessen  the  danger  of  bent  bars  being  placed  in  th( 
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work.  With  the  spiral  cokimn  it  is  desirable,  however,  to  have  a  network  of  fairly  fine  mesh, 
composed  of  the  spiral  wires  and  the  longitudinal  bars,  to  provide  the  best  restraint  of  the  core 
concrete.  A  mesh  of  from  2  to  2>2  in.  is  ideal,  permitting  the  concrete  to  pass  readily  through 
the  mesh  during  the  placing  operation  and  still  offering  complete  lateral  restraint  after  the  con- 
crete is  hard.  Spirals  should  have  an  extra  turn  of  wire  at  top  and  bottom  and  at  any  point 
where  the  wire  is  spliced.  Unless  this  is  provided,  the  spiral  will  bulge  locally  at  these  points 
and  reduce  the  fire-protective  cover  to  a  dangerous  degree. 

Diagram  3 
1924  Joint  Committee  and  1927  American  Concrete  Institute  Spiral  Column  Design 
.060 


Values  of  Jon  Core  Area ,  lb.  per  sq.  in. 


90.  Standard  Bar  Sizes. — Ten  bar  sizes  have  been  standardized  by  the  bar  manufacturers 
following  the  lead  of  the  Joint  Committee.  The  tables  and  diagrams  given  here  eliminate 
non-standard  sizes. 

91.  Long  Columns. — The  ratio  of  the  safe  axial  load  P'  on  columns  exceeding  the  slender- 
ness  permitted  above,  to  the  safe  axial  load  P  on  columns  within  the  Umits,  shall  be  taken  as 

A_ 
120/g 

This  applies  to  all  types  of  columns  treated  here,  except  that  it  does  not  apply  to  the  load 
parried  by  metal  cores. 

92.  Limiting  Column  Sizes. — The  least  dimension  of  the  cross-section  of  principal  columns 
n  a  building  must  not  be  less  than  12  in.  Posts  occurring  in  a  single  story,  such  as  stair  supports, 
nay  be  6  in.  square  as  a  minimum. 

93.  Bending  in  Columns. — Where  loading  conditions  or  relative  rigidities  of  column  and 
|ioor  construction  require,  the  columns  must  be  figured  for  a  bending  moment  in  addition  to  the 
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Diagram  4 

Chicago  Spiral  Column  Design^^1:6  Concrete 

Note. — Set  straight  edge  on  any  two  known  quantities  and  read  concurrent  value  of  third  quantity 
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direct  load.     Diagrams  for  the  solution  of  combined  flexure  and  direct  stress  are  given  elsewhere 
See  Arts.  103,  104,  and  105,  Sect.  1,  pp.  68  to  78  inclusive. 

In  flat  slab  construction  it  is  customary  to  design  wall  columns  for  a  moment  of  not  les 

than   ,^    divided  between  the  columns  alwve  and  below  in  accordance  with  their  rigiditie,' 
40 

'Prepared  by  Gardner  and  Lindberg,  Industrial  Engineers,  Chicago.    Wallace  Berger,  Structural  Engineer 
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Diagram  5 

Chicago  Spiral  Column  Design' — 1:4J'^  Concrete. 

Mote. — Set  straight  edge  on  any  two  known  quantities  and  read  concurrent  value  of  third  quantity. 
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For  the  increase  in  stresses  permitted  in 


ombined   bending   and   direct  stress,    the   various   regulations   should   be   consulted.     Wind 
onsiderations  require  more  space  for  treatment  than  is  permitted  here. 

1  Prepared  by  Gardner  and  I.indbcrg,  Industrial  Engineers,  Chicago.     Wallace  Berger,  Structural  Engineer. 
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DiAGHAM    6 

Chicago  Spiral  Column  Design' — 1:3  Concrete. 
Note. — Set  straight  edge  on  any  two  known  quantities  and  read  concurrent  value  of  third  quantity 
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94.   Emperger  Columns. — No  design  standards  for  this  patented  type  of  column  will  be 

given  here,  since,  as  with  most  patented  processes,  the  promoters  are  forced  to  adopt  whatever 

regulation  the  different  building  departments  will  allow  them,  and  a  wide  variation  in  design 

standards  occurs.     The  total  safe  axial  load  on  the  column  is  made  up  of  the  safe  load  on  the 

1  Prepared  by  Gardner  and  Lindberg,  Industrial  Engineers,   Chicago.     Wallace  Berger,  Structural  Engineer. 
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Diagram  7 

New  York  Spiral  Column  Design — fc  =  500. 

Note. — Set  straight  edge  on  any  two  known  quantities  and  read  concurrent  value  of  third  quantity. 
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Diagram  8 

New  York  Spiral  Column  Design — jc  =  600. 

Note. —  Set  straight  edge  on  any  two  known  quantities  and  read  concurrent  value  of  third  quantity. 
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C.  I.  core  phis  an  allowance  for  the  spiral  type  of  column  which  encases  the  core.     The  various 
city  rulings  for  this  type  of  column  should  he  consulted. 

Special  attention  must  be  paid  to  adequate  means  for  transferring  the  load  from  the  floor 
to  the  metal  core,  from  section  to  section  of  the  core,  vertically,  and  from  the  core  to  the  founda- 
tion, when  cast-iron  or  steel  cores  are  used. 

95.  Steel-core  Columns. — Where  the  concrete  is  restrained  by  a  spiral  or  by  an  equivalent 
restraint  from  the  shape  of  the  structural  steel  core  itself,  the  safe  axial  load  for  this  type  of 
column  is  determined  by  the  summation  of  the  safe  load  on  the  net  area  of  core  within  the  spiral 
or  core  at  a  stress  of  0.25/c'  and  of  the  safe  load  on  the  steel  core  determined  by  the  formula 

Pr  =  Ar(18,000  -  70h/R) 

96.  Alignment  Charts  for  Column  Design. — Means  for  simple  and  rapid  design  of  reinforced 
concrete  columns  are  afforded  by  the  alignment  charts  of  Diagrams  3  to  8  inclusive.  In 
these  charts  a  straight  line,  such  as  the  edge  of  a  triangle,  connecting  the  values  of  any  two  of 
the  three  variables  (as,  for  example,  percentage  of  vertical  steel,  percentage  of  spiral  steel,  and 
safe  axial  unit  load)  will  indicate  the  concurrent  value  of  the  third.  Diagram  1  gives  an 
ordinary  graph  of  values  of  P/A  for  tied  columns. 

97.  Selecting  Reinforcement. — The  percentages  of  vertical  and  spiral  reinforcement  may 
be  readily  transformed  into  number  and  size  of  bars  or  into  size  and  spacing  of  spiral  wire  by 
using  Tables  2,  3,  4,  and  5.  Column  vertical  bars  are  commonly  extended  into  the  story  above 
to  lap  the  verticals  in  that  tier  sufficiently  to  transfer  the  stress  by  bond.  A  lap  of  30  bar 
diameters  (but  not  less  than  2  ft.  0  in.)  is  commonly  used,  although  the  proper  amount  wiU 
vary  with  the  load  in  the  story  above.  At  the  base  of  a  stack  of  columns  a  severe  condition 
occurs  where  the  entire  column  load,  which  has  been  received  in  successive  increments  from  the 

Table  1. — Core  Areas,  Perimeters,  and  Concrete  Volumes  for  Columns 


Diameter 


Col. 
(in.) 


Core 

(in.) 


Core 

area 

(sq.  in.) 


<i>  col.  perimeter 


Ft.  In. 


Volume  (cu.  ft.  per  ft.) 


Round        Octagonal 


Square 


14 
16 
18 
20 
22 
24 
26 
28 
30 
82 
34 
36 
38 
40 
42 


10 

78.5 

11 

95.0 

12 

113.1 

13 

132.7 

14 

153.9 

15 

176.7 

16 

201.0 

17 

226.9 

18 

254.4 

19 

283.5 

20 

314.1 

21 

346.3 

22 

380.1 

23 

415.4 

24 

452.3 

25 

490.8 

26 

530.9 

27 

572.5 

28 

615.7 

29 

660.5 

30 

706.8 

31 

754.7 

32 

804.2 

33 

855.3 

34 

907.9 

35 

962.1 

36 

1,017.8 

37 

1,075.2 

38 

1,134.1 

3—8 
4—2 
4—8 
5—2 
5—9 
0—3 
0—9 
7—4 
7—10 
8—4 
8—11 
9—5 
10—0 
10—6 
11-0 


1.07 

1.12 

1.40 

1.47 

1.77 

1.86 

2.18 

2.30 

2.64 

2.78 

3.14 

3.31 

3.69 

3.  89 

4.28 

4.51 

4.91 

5.17 

5.58 

5.89 

6.30 

6.64 

7.07 

7.45 

7.88 

8.30 

8.73 

9.20 

9.62 

10.  15 

1.36 


2.25 


2.78 


3.36 


4.00 


4.70 


5.45 


6.25 


8.03 


9.00 


10.02 


11.  10 


12.25 
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Table  3 


[Sec.  2-97 


1  % 

1-4 "0                                                                          Spiral  Tables                                                                         H"<l> 

Pitch 

II     3"     1   2W'  1   2^i"  1   2^A"  1   2H"  1   2J^"  1   2H"  I   2^8"  |     2"     \  lU"  \  IH"  \  \^A"  \   IH" 

s 

o 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 
Vl 
22 
23 
24 

25 
26 
27 
28 
29 

0.66 

1.75 

0.69 
1.83 

0.72 
1.91 

0.75 
2.00 

0.79 
2.10 

0.83 
2.21 

0.87 
2.33 

0.92 
2.47 

0.981 
2.62 

1.03 
2.80 

1.12 
3.00 

1.21 
3.23 

1.31 
3.50 

0.60 
1.92 

0.62 
2.01 

0.65 
2.10 

0.68 
2.20 

0.71 
2.31 

0.75 
2.43 

0.79 
2.56 

0.84 
2.72 

0.89 
2.88 

0"95 
3.08 

1.02 
3.30 

1.10 
3.55 

1.19 
3.85 

0.55 
2.10 

0.57 
2.19 

0.59 
2.29 

0.62 
2.40 

0.65 
2.52 

0.69 
2.65 

0.73 
2.80 

0.77 
2.96 

0.82 
3.15 

0.87 
3 .  36 

0.93 
3.60 

1.01 
3.88 

1.09 
4.19 

0.51 
2.27 

.0.53 
2.38 

0.55 

2.48 

0.58 
2.60 

0.61 
2.73 

0.64 

2.88 

0.67 
3.03 

0.71 
3.21 

0.75 
3.41 

0.81 
3.64 

0.87 
3.90 

0.93 
4.20 

1.00 
4.54 

~"0.47 
2.45 

0.49 
2.56 

0.51 
2.67 

0.53 
2.80 

0.56 
2.94 

0.59 
3.10 

0.63 
3.26 

0.66 
3.46 

0.70 
3.67 

0.75 
3.92 

0.80 
4.20 

0.86 
4.52 

0.93 
4.90 

0.44 
2.62 

0.46 
2.74 

0.48 
2.87 

0.50 
3.00 

0.52 
3.15 

0.55 
3.32 

0.58 
3.50 

0.62 
3.71 

0.66 
3.94 

0.70 
4.20 

0.75 
4.50 

0.81 
4.85 

0.87 
5.24 

0.41 
2.80 

0.43 
2.92 

0.45 
3.05 

0.47 
3.20 

0.49 
3.36 

0.52 
3.54 

0.55 
3.    73 

0.58 
3.95 

0.61 
4.20 

0.65 

4.48 

0.70 
4.80 

0.76 
5.17 

0.82 
5.60 

0.38 
2.97 

0.40 
3.10 

0.42 
3.24 

0.44 
3.40 

0.46 
3.56 

0.49 
3.75 

0.52 
3.96 

0.55 
4.19 

0.58 
4.46 

0.62 
4.76 

0.66 
5.10 

0.71 
5.49 

0.77 
5.94 

0.36 
3.15 

0.38 
3.29 

0.40 
3.44 

0.42 
3.60 

0.44 

3.78 

0.46 
3.98 

0.49 
4.20 

0.52 
4.45 

0.55 
4.73 

0.58 
5.05 

0.62 
5.40 

0.67 
5.82 

0.73 
6.28 

0.34 
3.32 

0.36 
3.47 

0.38 
3.62 

0.40 
3.80 

0.42 
3.98 

0.44 
4.20 

0.46 
4.43 

0.49 
4.69 

0.52 
4.98 

0.55 
5.32 

0.59 
5.70 

0.64 
6.14 

0.69 
6.64 

0.33 
3.50 

0.34 
3.65 

0.36 

3.82 

0.38 
4.00 

0.40 
4.20 

0.42 
4.42 

0.44 
4.66 

0.46 
4.93 

0.49 
5.25 

0.52 
5.60 

0.56 
6.00 

0.60 
6.46 

0.65 
7.00 

0.31 
3.67 

0.32 
3.84 

0.34 
4.01 

0.36 
4.20 

0.38 
4.40 

0.40 
4.64 

0.42 
4.90 

0.44 
5.18 

0.47 
5.51 

0.50 

5.88 

0.53 
6.30 

0.57 
6.78 

0.62 
7.34 

0.30 
3.85 

0.31 
4.02 

0.32 
4.20 

0.34 
4.40 

0.36 
4.62 

0.38 
4.86 

0.40 
5.13 

0.42 
5.43 

0.45 

5.77 

0.48 
6.16 

0,51 
6.60 

0.55 
7.11 

0.60 
7.70 

0.29 
4.02 

0.30 
4.20 

0.31 
4.38 

0.32 
4.60 

0.34 
4.83 

0.36 
5.08 

0.38 
5.36 

0.40 
5.67 

0.43 
6.03 

0.46 
6.44 

0.49 
6.90 

0.53 
7.43 

0.57 
8.05 

0.28 
4.20 

0.29 
4.38 

0.30 
4.57 

0.31 

4.80 

0.33 
5.04 

0.35 
5.30 

0.37 
5.60 

0.39 
5.92 

0.41 
6.30 

0.44 
6.72 

0.47 
7.20 

0.51 
7.75 

0.55 
8  40 

0.26 
4.37 

0.27 
4.57 

0.28 

4.78 

0.29 
5.00 

0.31 
5.25 

0.33 
5.53 

0.35 
5.83 

0.37 
6.17 

0.39 
6.56 

0.42 
7.09 

0.45 
7.50 

0.48 
8.07 

0.52 

8.75 

0.25 
4.55 

0.26 
4.75 

0.27 
4.96 

0.28 
5.20 

0.30 
5.46 

0.32 
5.75 

0.34 
6.06 

0.36 
6.42 

0.38 
6.82 

0.40 

7.28 

0.43 
7.80 

0.46 
8.39 

0.50 
9.10 

0.24 
4.72 

0.25 
4.94 

0.26 
5.15 

0.27 
5.40 

0.28 
5.67 

0.30 
5.96 

0.32 
6.30 

0.34 
6.66 

0.36 
7.08 

0.38 
7 .  56 

0.41 
8.10 

0.44 

8.72 

0.48 
9.45 

0.23 
4.90 

0.24 
5.11 

0.25 
5.34 

0.26 
5.60 

0.27 

5.88 

0.29 
6.19 

0.31 
6.53 

0.33 
6.91 

0.35 
7.34 

0.37 

7.84 

0.40 
8.40 

0.43 
9.04 

0.47 
9.80 

0.23 
5.07 

0.24 
5.30 

0.25 
5.53 

0.26 
5.80 

0.27 
6.09 

0.28 
6.41 

0.30 
6.77 

0.32 
7.16 

0.34 
7.60 

0.36 
8.12 

0.39 
8.70 

0.42 
9.36 

0.45 
10.15 

Note: — Upper  row  indicates  percentaee  of  spiral. 

Lower  row  indicates  weight  of  spiral  per  foot — wire  only. 

Spirals  above  and  to  right  of  zigzag  lines  are  nearest  commercial  size  fully  equal  to 

percentage  of  core  area  indicated  at  end  of  line. 

floors,  must  all  be  transmitted  at  once  to  the  pier,  or  footing.  An  example  of  the  design  of  this 
transfer  is  worked  out  under  the  discussion  of  footings.  The  column  spiral  is  commonly  stopped 
off  at  the  under  side  of  the  floor  slab.  Where  two  beams  at  right  angles  have  bottom  steel 
extending  inside  the  column  spiral  at  a  common  level,  the  main  spiral  may  be  terminated  just 
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Spiral  Tables 


M"« 


Pitch 


3"     I    2?:8"  I  2H"  I  ^Vs"  I   2>2"  i   2H"  1   2H"  I   21^"  |     2"     |    1%"  |  1^"|  1=.^"|  IJ.^' 


0.981 
.91 


1.02 
16.16 


0.92 
.30 


0.87 
.69 


0.82 
08 


0.78 
48 


0.74 

7.87 


0.70 
8.26 


0.67 
8.66 


0.64 
9.05 


0.61 
9.45 


0.59 
9.84 


0.57 
10.2 


0.55 
10.6 


0.53 
11.0 


0.51 
11.4 


0.49 
11.8 


0.48 
12.2 


0.46 
12.6 


0.45 
13.0 


0.44 
13.4 


0.42 
13.8 


0.41 
14.2 


0.40 
14.6 


0.39 
15.0 


0.38 
15.4 


07961 
6.57 


0.85 
7.39 


0.81 
7.81 


0.77 
8.21 


0.73 
8.62 


0.70 
9.04 


0.67 
9.45 


0.64 
9.86 


0.61 
10.3 


0.59 
10.7 


0.57 
11.1 


0.55 
11.5 


0.53 
11.9 


0.51 
12.3 


0.49 

12.7 


0.48 
13.1 


0.47 
13.5 


0.45 
14.0 


0.44 
14.4 


0.43 
14.8 


0.41 
15.2 


0.40 
15.6 


0.39 
16.0 


1.07 
6.44 


1.00 
6.87 


0.94 
7.30 


0.89 
7.73 


0.84 
8.15 


0.80 
8.59 


0.76 
9.02 


0.73 
9.45 


0.67 
10.3 


0.64 
10.7 


0.62 
11.2 


0.59 
11.6 


0.57 
12.0 


0.55 
12.5 


0.53 
12.9 


0.51 
13.3 


0.50 
13.7 


0.49 
14.2 


0.47 
14.6 


0.46 
15.0 


0.45 

15.4 


0.43 
15.9 


0.42 
16.3 


0.41 
16.7 


1.12 
6.73 


1.05 
7.18 


0.99] 
7.63 


0.93 
8.08 


0.88 
8.53 


0.84 
.98 


0.80 
9.43 


0.76 

9.88 


0.73 
1.03 


0.70 
10.8 


0.67 
11.2 


0.65 
11.7 


0.62 
12.1 


0.60 
12.6 


0.58 
13.0 


0.56 
13.5 


0.53 
13.9 


0.52 
14.4 


0.51 

14.8 


0.49 
15.3 


0.48 
15.7 


0.47 
16.2 


0.44 
17.1 


0.43 
17.5 


1.18 
7.18 


1.10 
7.55 


1.04 

8.02 


0.98 
8.50 


0.93 

8.97 


0.88 
9.44 


0.84 
9.92 


0.80 
10.4 


0.77 
1.09 


0.73 
11.3 


0.70 
11.8 


0.68 
12.3 


0.65 
12.7 


0.63 
13.2 


0.61 
13.7 


0.59 
14.2 


0.56 
14.6 


0.55 
15.1 


0.54 
15  6 


0.52 
16.1 


0.50 
16.5 


0.49 
17.0 

0.47 
17.5 


0.46 
18.0 


0.45 
18.4 


1.24 
7.46 


1.16 
7.95 


1.09 
8.45 


1.03 
8.94 


07981 
9.45 


0.93 
9.94 


0.89 
10.4 


0.84 
10.9 


0.81 
11.4 


0.77 
11.9 


0.74 
12.4 


0.71 
12.9 


0.69 
13.4 


0.66 
13.9 


0.64 
14.4 


0.62 
14.9 


0.60 
15.4 


0.58 
15.9 


0.57 
16.4 


0.55 
16.9 


0.53 
17.4 


0.52 
17.9 


0.50 
18.4 


0.49 
18.9 


0.47 
19.4 


1.31 

7.87 


1.23 
8.39 


1.15 

8.92 


1.09 
9.44 


1.03 
9.97 


0.98 
10.5 


0.94 
11.0 


0.89 
11.6 


0.85 
12.1 


0.82 
12.6 


0.78 
13.1 


0.75 
13.6 


0.73 
14.2 


0.70 

14.7 


0.68 
15.2 


0.65 
15.7 


0.64 
16.3 


0.61 

16.8 


0.60 
17.3 


0.58 
17.8 


0.56 
18.4 


0.55 
18.9 


0.53 
19.4 


0.52 
19.9 


0.50 
20.5 


1.39 
8.3S 


1.22 
9.44 


1.16 
10.0 


1.04 
11. 1 


0.991 
11.6 


0.94 
12.2 


0.90 
12.8 


0.87 
13.3 


0.83 
13.9 


0.80 
14.4 


0.77 
15.0 


0.74 
15.5 


0.72 
16.1 


0.69 
16.6 


0.68 

17.2 


0.65 
17.8 


0.63 
18.3 


0.61 
18.9 


0.59 
19.4 


0.58 
20.0 


0.56 
20.6 


0.55 
21.1 


0.53 
21.6 


1.47 

8.85 


1.38 
9.44 


1.30 
10.0 


1.23 
10.6 


1.16 
11.2 


1.10 
11.8 


1.05 
12.4 


1.00 
13.0 


0.96 
13.6 


0.92 
14.2 


0.88 
14.7 


0.85 
15.4 


0.82 
15.9 


0.79 
16.5 


0.76 
17.1 


0.74 

17.7 


0.72 
18.3 


0.69 
18.9 


0.67 
19.5 


0.65 
20.1 


0.63 
20.7 


0.61 
21.3 


0.60 
21.9 


0.58 
22.4 


0.57 
23.0 


1.57 
9.45 


1.47 
10.1 


1.39 
10.7 


1.31 
11.3 


1.24 
12.0 


1.18 
12.6 


1.12 
13.2 


1.07 
13.8 


1.02 
14.5 


07981 
15.1 


0.94 
15.7 


0.90 
16.4 


0.87 
17.0 


0.84 
17.6 


0.81 
18.3 


0.79 
18.9 


0.76 
19.5 


0.74 
20.1 


0.71 
20.8 


0.70 
21.4 


0.67 
22.0 


0.65 

22  7 


0.64 
23.3 


0.62 
23.9 


0.61 
24.6 


1.6! 
10.1 


1.58 
10.8 


1.48 
11.5 


1.40 
12.1 


1.33 
12.8 


1.26 
13.5 


1.20 
14.2 


1.15 
14.8 


1.10 
15.5 


1.05 
16.2 


1.01 
16.9 


07971 
17.5 


0.94 

18.2 


0.90 
18.9 


0.87 
19.6 


0.84 
20.2 


0.82 
20.9 


0.79 
21.6 


0.77 
22.3 


0.75 
23.0 


0.72 
23.6 


0.70 
24.3 


0.68 
25.0 


0.66 
25.6 


0.65 
26.3 


1.8: 
10.9 


1.70 
11.6 


1.60 
12.3 


1.51 
13.1 


1.43 
13.8 


1.3< 
14.5 


1.29 
15 


1.23 
16.0 


1.13 
17.4 


1.09 

18, 


1.05 
18.9 


1.01 
19.6 


0.97 
20.4 


0.941 
21.1 


0.97 
21.8 


0.88 
22.5 


0.85 
23.3 


0.83 
24.0 


0.81 
24.7 


0.77 
25.4 


0.75 
26.2 


0.74 
26.9 


0.71 
27.6 


0.70 
28.3 


1.96 
11.8 


1.84 
12.6 


1.73 
13.4 


1.64 
14.2 


1.55 
14.9 


1>2 


1.47 
15.7 


1.40 
16.5 


1.34 
17.3 


1.28 
18.1 


1.23 
18.9 


1.18 
19.7 


1.13 
20.4 


1.09 
21.2 


1.05 
22.0 


1.01 

22.8 


0.98 
23.6 


0.95 
24.4 


0.92 
25.2 


0.69 
26.0 


0.87 
26.8 


0.84 
27.5 


0.8i 
28.3 


0.80 
29.1 


0.77 
29.9 


0.76 
30.7 


mder  this  level  and  a  short  spiral  used  above  these  rods  to  the  underside  of  the  floor  slab,  to 
,]  lave  difficulty  and  expense  in  steel  placing. 

98.  Problem  in  Column  Design. — Design  a  concrete  column  to  carry  safely  an  axial  load 
)f  400,000  lb.     The  unsupported  length  of  the  column  is  12  ft.  0  in.  and  the  concrete  is  of  2500 
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H"0 


Spiral  Tables 


J-2    '* 


Pitch 


II     Z"     I  2y»"  I  2Ji"  I   2M"  I   2\i"  I    2%"  I   2K"  I    2M"  I      2"     IIT^"    11%"  H^s"  IU2' 


1.75 
10.5 


1.63 
11.2 


1.54 
11.9 


1.82 
11.0 


1.70 
11.7 


1.61 
12.4 


1.45 1     1.52 


12.6 


1.38 
13.3 


1.30 
14.0 


1.25 

14.7 


1.19 
15.4 


1.14 
16.1 


1.09 
16.8 


1.05 
17.5 


1.01 
18.2 


0.96 
18.9 


0.93 
19.6 


0.90 
20.3 


0.87 
21.0 


0.84 
21.7 


0.82 
22.4 


0.79 
23.1 


0.77 
23.8 


0.75 
24.5 


0.73 
25.2 


0.71 
25.9 


0.69 
26.6 


0.67 
27.3 


13.1 


1.44 
13.9 


1.36 
14.6 


1.30 
15.3 


1.24 
16.1 


1.19 
16.8 


1.14 
17.5 


1.09 
18.3 


1.05 
19.0 


1.01 
19.7 


07971 
20.4 


0.94 
21.2 


0.91 
21.9 


0.88 
22.6 


0.85 
23.4 


0.83 
24.1 


0.80 

24.8 


0.78 
25.6 


0.76 
26.3 


0.74 
27.0 


0.72 

27.8 


0.70 
28.5 


1.90 
11.4 


1.78 
12.2 


1.68 
13.0 


1.59 
13.7 


1.50 
14.5 


1.43 
15.3 


1.36 
16.0 


1.30 
16.8 


1.24 
17.6 


1    19 
18.3 


1.14 
19.1 


1.10 
19.9 


1.06 
20.6 


1.02 
21.4 


0.981 
22.2 


0.95 
22.9 


0.92 
23.6 


0.89 
24.4 


0.87 
25.2 


0.84 
25.9 


0.81 
26.7 


0.79 
27.5 


0.77 

28.2 


1.8 
12.0 


1.86 
12.8 


1.76 
13.6 


i.e 

14.4 


1.57 
15.2 


1.50 
16.0 


1.431 
16.8 


1.36 
17.6 


1.30 
18.4 


1.25 
19.2 


1.20 
20.0 


1.15 
20.8 


1.11 
21.6 


1.07 
22.4 


1.03 
23.2 


1.00 
24.0 


0.96 
24.8 


0.93 
25.6 


0.91 
26.4 


0.88 
27.2 


0.85 
28.0 


0.83 

28.8 


0.75 
29.1 


0.73 
29.7 


0.81 
29.6 


0.79 
30.4 


0.77 
31.2 


2.09|      2.21 
12.6       13.2 


1.95 
13.4 


1.85 
14.3 


1.75 
15.1 


1.65 
16.0 


1.57 
16.8 


1.50 
17.6 


1742] 
18.5 


1.37 
19.3 


1.31 
20.2 


1.26 
21.0 


1.21 
21.8 


1.16 
22.7 


1.12 
23.5 


1.08 
24.4 


1.05 
25.2 


1.01 
26.0 


07981 
26.8 


0.95 

27.7 


0.92 
28.5 


0.90 
29.4 


0.87 
30.2 


0.85 
31.1 


0.83 
31.9 


0.81 
32.7 


2.06 
14.1 


1.95] 
15.0 


1.84 
15.9 


1.74 
16.8 


1.65 
17.7 


1.57 
18.5 


1.50 
19.4 


1.441 
20.3 


1.38 
21.2 


1.32 
22.1 


1.27 
23.0 


1.2- 
23.9 


1.18 
24.7 


1.14 
25.6 


1.10 
26.5 


1.07 
27.4 


1.03 
28.3 


1.00 
29.2 


07971 
30.0 


0.95 
30.9 


0.92 
31.8 


0.89 
32.7 


0.87 
33.6 


0.85 
34.5 


2.05 
15.9 


1.94] 
16.8 


1.84 
17.7 


1.74 
18.6 


1.66 
19.6 


1.59 
20.5 


1.52 
21.4 


1.4 
22.4 


1.40 
23.3 


1.34 
24.3 


1.29 
25.2 


1.25 
26.1 


1.20 
27.1 


1.16 
28.0 


1.13 
28.9 


1.09 
29.8 


1.06 
30.8 


1.03 
31.7 


1.00 
32.6 


07971 
33.6 


0.92 
35.5 


2.06 
17.8 


1.9 
18.8 


1.84 
19.8 


1.76 
20.8 


1.6 
21.7 


1.60 
22.7 


1.54 
23.7 


1 

24.7 


48 


1.42 
25.7 


1.37 
26.7 


1.32 
27.6 


1.27 

28.7 


1.23 
29.6 


1.19 
30.6 


1.16 
31.6 


1.12 
32.6 


1.09 
33  5 


1.05 
34.5 


1.02 
35.5 


0 .  94       1 .  00 
34 . 5      36 . 5 


0.90 
36.4 


07971 
37.5 


0.951 
38.5 


2.0: 
20.0 


1.96 
21.0 


1.87 
22.0 


1.79 
23.1 


1.71 
24.1 


1.64 
25.2 


1.57 
26.2 


1.51 
27.2 


1.45 
28.3 


1.40 
29.4 


1.35 
30.4 


1.31 
31.5 


1.27 
32.5 


1.23 
33.6 


1.19 
34.6 


1.16 
35.6 


1.12 
36.7 


1.09 
37.8 


1.06 
38.8 


1.03 
39.9 


1.01 
40.9 


2.09 
22.4 


2.00 
23.5 


17901 
24.6 


1.82 
25.8 


1.75 
26.9 


1.6 
28.0 


1.60 
29.1 


1.55 
30.2 


1.491 
31.3 


1.44 
32.5 


1.401 
33.6 


1.35 
34.7 


1.31 
35.8 


1.2: 
36.9 


1.24 
38.0 


1.19 
39.2 


1.16 
40.3 


1.13 
41.4 


1.10 
42.5 


1.07     1.15 
43.6      46.8 


04 
26.4 


1.95 
27.6 


1.87] 
28.8 


1.80 
30.0 


1.73 
31.2 


1.6( 
32.4 


1.60 
33.6 


1.54 
34.8 


1.50 
136.0 


17451 
37.2 


1.41 

38.4 


1.36 
39.5 


1.32 
40.7 


1.28 
41.9 


1.25 
43.2 


1.21 
44.4 


1.18 
45.6 


2.10 
29.9 


2.02 
31.0 


19- 
32.3 


1.861 
33.6 


1.78 
34.9 


1.72 
36.2 


1.65 
37 


1.61 
38.8 


1.56 

ko.o 


1.51 
141.3 


T746I 
42.6 


1.4: 
43.9 


1.381 
45 


1.35 
46 


1.30 


1.2; 
49.1 


1.24 
.50.4 


2.10 
35.0 


2.01 
36.4 


1.94 
37 


1.87 
39.2 


1.80 
40.6 


1.74 
42.0 


1.68 
43.3 


1.64 
44.7 


1.59 
46.1 


1.54 
47  6 


1.50 
148.9 


1.45 
50.4 


1.41 
51.8 


1.38 
53.2 


1.34 
54.6 


IH'. 


lb.  per  sq.  in.  ultimate  strength.  Complete  the  design  for  (a)  a  tied  column;  (6)  a  spiral  colum« 
by  the  A.  C.  I.  1927  tentative  standard  building  code;  (c)  a  spiral  column  by  the  Chicago  code] 
(d)  a  steel-core  column. 
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(a)   Design  of  Tied  Column: 

P  =  400,000 
Add  11,000(1)  for  weight  of  column  30  X  30  in.,  28  X  28  in.  core  =  784  sq.  in. 

411,000      total  load  on  column. 
P        411,000        .„,  ,, 
2  =  — ^g^   =  525  lb.  per  sq.  in. 

From  Diagram  1,  p  =  H  %  =  0.005,     As  =  0.005  X  784  =  3.92  sq.   in. 


Use 


Four  J^-in.  rounds  in  corners  tied  with  '4  rounds  at  8  in.  o.  c. 
Four  Ji-in.  rounds  at  sides  tied  with  }-^  rounds  at  8  in.  o.  c. 


While  the  effective  core  area  is  taken  as  28  X  28  in.,  the  steel  should  be  set  back  2  in.  from  the  surface,  making  the 
larger  ties  26  X  26  in. 

Concrete  is  cheaper  than  steel  in  carrying  compression,  and  where  the  larger  column  size  is  not  objectionable, 
a  design  with  the  minimum  (J^  %)  steel  produces  economy.  For  a  smaller  tied  column  use  the  maximum  (3  %) 
steel  which  gives  a  27  X  27  in.  column,  reinforced  by  twelve  lj<4-in.  square  bars  held  by  triple  sets  of  K-in.  round  ties 
at  8  in.  o.  c.  as  shown  in  the  sketch  (Fig.  100 A). 

Another  and  more  economical  way  to  decrease  the  column  sizfe  is  to  use  stronger  concrete  than  is  called  for  in 
this  problem.      Increasing  the  concrete  strength  produces  economy  in  all  types  of  concrete  columns. 


Fig.  lOOA.— Design  (a). 


Fig.  lOOB.— Design  (6). 


Fig.  lOOC— Design  (c). 


Fia.  101.— Design  (d). 


(6)   A.  C.  I.  and  Joint  Committee  Design  0/ Spiral  Column: 
P  =  400,000 
Add  6,000<"  for  weight  of  column  of  24-in.  diameter  20-in.  core  =  314  sq.  in. 


406,000        total  load  on  column 

P        406,000        ,„„„  „ 

-7  =       „'  =  1293  lb.  per  sq.  m. 

A  ol4 

From  Diagram  3  the  percentage  of  vertical  steel  for  2500-lb.  concrete  and  P/A  =  1293  is  read  direct  as  3.3  %. 

A,  =  0.033  X  314  =  10.35  sq.  in.  =  nine  IJ^-in.  sq.  bars. 

<i>This  assumption    must   be  checked   when  the  column  size  is  finally  determined,  and  a  revised  calculation 
made  if  necessary. 
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The  per  cent  of  spiral  is  one-fourth  that  of  vertical  steel  or  0.82  %. 

From  Table  4,  for  20-in.  core  and  p'  =  0.0082,  the  required  spiral  is  found  to  be  ^i  in.  rounds  at  2%  in.  pitch^". 
(c)   Chicago  Design  of  Spiral  Column: 

P  =  400,000 
Add  6,000'^'  for  weight  of  column  of  24-in.  diameter  20-in.  core  =  314  sq.  in. 


406,000        total  load  on  column. 

P        406,000        ,„_„  ,, 

—  =  — .  '  .       =  1293  lb.  per  sq.  m. 

A  314 

From  Diagram  5<"  the  percentage  of  vertical  steel  for  P/A  =  1293  and,  using  the  most  economical  spiral  percent- 
age (1>^  %),  is  read  direct  at  4.4  %. 

Ab  =  0.044  X  314  =  13.8  sq.  in.  =  nine  l>4-in.  square  bars. 

From   Table   5,  for  20-in.  core  and  p'  =  0.015,  the  required  spiral  is  found  to   be  >^-in.  round  at  25^^-in.  pitch<". 
(d)   Design  of  Column  with  Steel  Core: 

P  =  400,000 
Add  5,000(2)  for  weight  of  column  17  X  18  in..  Core  11  X  12  in.  =  132  sq.  in. 


405,000         total  load  on  column. 

Assume  a  structural  steel  core  made  up  of  an  I-beam  web  and  channel  covers,  so  that  no  question  may  remain 
as  to  the  adequate  restraint  of  the  core  concrete.     Assume  that  the  steel-core  area  is  20  sq.  in.*")  leaving  112  sq. 

.     2500 
in.  of  core  concrete  available  to  take  stress.     Stress  on  concrete  is      .      =  625  lb.  per  sq.  in. 

Load  carried  by  concrete  core  112  X  625  =  70,000  lb. 

Load  carried  by  steel  core  405,000  -  70,000  =  335,000  lb. 

Try  two  12  in.  [s  25  lb.  |       ^  22.07  sq.  in.<=)         r  =  3.66  mM>  minimum, 
one  10  I  25.4  lb.  j 

144 
Allowable  stress  in  steel  =  fr  =   18,000  -  70  ^^^  =   15,240  lb.  per  sq.  in. (2) 

335,000        _.  ■      r.    If 

^'  =  -I5;240  =  =^2-^  '''■  '"•  °-  ^- 
For  this  type  of  structural  steel  core  a  wrapping  of  wire  mesh  weighing  not  less  than  0.2  lb.  per  sq.  ft.  should  be 
used  to  reinforce  the  3-in.  fireproofing  shell.     For  more  open  steel  cores,  which  do  not  restrain  the  core  concrete 
thoroughly,  a  J^  %  spiral  should  be  provided  if  the  core  concrete  is  considered  as  carrying  load. 

Relative  Cost. — Assuming  that  2500-lb.  concrete  costs  40  cts.  per  cu.  ft.  in  place,  reinforcing 
and  structural  steel  each  cost  4  cts.  per  lb.  in  place,  and  forms  cost  15  cts.  per  sq.  ft.  for  wood 
and  $15  per  column  for  metal  moulds,  the  cost  per  Uneal  foot  of  column  for  these  various  types 
all  designed  to  carry  a  400,000-lb.  axial  load  compares  as  follows: 

Tied  column  30  X  30  in $4.78  per  foot 

Tied  column  27  X  27  in $7.07  per  foot 

Joint  Committee  and  A.  C.  I.  spiral  column  of  24-in.  diameter $4.85  per  foot 

Chicago  spiral  column  of  24-in.  diameter $5.65  per  foot 

Steel  Core  Column  17  X  18  in $5.26  per  foot 

The  comparatively  low  cost  of  the  steel-core  column  is  due  to  the  use  of  2500-lb.  concrete 
throughout.  Ordinarily,  only  2000-lb.  concrete  is  used  for  incasing  steel  cores,  while  2900  lb. 
(or  stronger)  concrete  is  used  for  concrete  columns  carrying  heavy  loads.  Many  city  building 
ordinances  do  not  permit  any  load  to  be  figured  directly  upon  the  core  concrete  in  a  steel- 
core  column.  This  would  increase  the  cost  of  the  steel-core  column  to  $6  per  ft.  in  the  above 
comparison. 

(>'  Selection  of  spiral  must  be  made  with  code  limitations  in  mind.  The  A.  C.  I.  and  Joint  Committee  stand- 
ards permit  the  pitch  of  the  spiral  to  reach  one-sixth  of  the  core  diameter  where  Chicago  code  limits  to  one-tenth 
of  the  column  diameter.  _  .      j         .  ■     j      1     1     • 

(2)  This  assumption  must  be  checked  when  the  column  size  is  finally  determined,  and  a  revised  calculation 
made  if  necessary. 

(3)  This  diagram  is  used  since  the  problem  states  that  2500-lb.  concrete  is  specified.  A  stronger  concrete  would 
be  more  economical  in  all  these  solutions  of  tied  and  spiral  columns. 
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BEARING  PLATES  AND  BASES  FOR  BEAMS,  GIRDERS,  AND  COLUMNS 

By  Clyde  T.  Morris 

99.  Allowable  Bearing  Pressures. — Where  beams,  girders,  or  columns  rest  on  masonry 
walls  or  footings,  the  bearing  area  must  be  made  sufficient  so  that  the  masonry  will  not  be 
overstressed.  The  following  table  gives  safe  bearing  values  in  pounds  per  square  inch  for 
different  kinds  of  masonry: 


First-class  granite  masonry 600 

First-class  concrete,  1-2-4  mix 600 

First-class  limestone  masonry 500 

First-class  sandstone  masonry 400 

Concrete,  1-3-6  mix 400 

Hard-burned  brick  work,  cement  mortar 300 

Common  brick  work,  cement  mortar 250 

Common  brick  work,  lime  mortar 125 


u 


Fig.   102. 


100.  Simple  Bearing  Plates. — For  ordinary  loads,  sufficient  bearing  can  usually  be  secured 
by  placing  a  plate  from  3^  to  1  in.  thick  under  the  end  of  the  beam  or  girder,  as  shown  inFig. 
102.  In  some  instances,  a  rolled-steel  slab  of  greater  thickness  may  be  used.  The  portion 
"a"  of  the  plate  which  projects  beyond  the  edge  of  the  beam  will  deflect  upward  under  the  load 
so  that  the  pressure  on  the  masonry  will  decrease  from  the  edge  of  the  beam  outward  as  shown 
by  the  shaded  area.  For  steel  plates  with  the  usual  mortar  bearing,  the  distance  "a,"  beyond 
which  there  will  be  little  of  no  pressure  on  the  masonry,  will  not  exceed  3  or  4  times  the  thickness 
of  the  plate.  (This  may  be  readily  calculated  from  the  deflection  formula  and  the  modulus 
of  elasticity  of  the  masonry.)  Assuming  a  =  4<  as  the  effective  projection,  the  maximum  unit 
pressure  on  the  masonry  will  be 

R 


^    (b  +  m 

in  which 

p  =  the  maximum  unit  pressure. 
R  =  the  maximum  end  reaction  of  the  beam. 
h  =  the  width  of  the  flange  of  the  beam. 
t  —  the  thickness  of  the  plate. 
I  =  the  length  of  the  bearing. 


(1) 


Fig.   103. 

If  the  width  of  the  bearing  plate  is  less  than  (6  -f  80,  the  denominator  of  equation  (1) 
must  be  reduced  accordingly.  If  the  maximum  allowable  pressure  on  the  masonry  is  not 
exceeded,  the  fiber  stress  in  the  steel  plate  will  be  well  within  allowable  limits. 

If  the  length  of  bearing  "Z"  is  restricted  and  a  greater  width  than  (6  -|-  8f)  is  necessary, 
stiffening  brackets  must  be  placed  on  the  end  of  the  girder,  or  a  cast-iron  subbase  may  be  used. 
If  the  bearing  plate  is  stiffened,  as  shown  in  Fig.  103(6),  or  a  cast  base  having  stiffening  webs  is 
used,  the  pressure  on  the  masonry  may  be  assumed  to  be  uniform  over  the  entire  bearing 
area.  The  stiffening  brackets  should  have  enough  rivets  to  carry  the  entire  load  on  the  portions 
of  the  bearing  plate  projecting  beyond  the  edges  of  the  flange. 
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Bearing  plates  for  columns  are  calculated  in  an  exactly  similar  manner  and  may  be  stif- 
fened as  shown  in  Figs.  98  and  103.  The  thickness  "t"  in  equation  (1)  may  be  taken  as  the 
thickness  of  the  base  plate  plus  the  thickness  of  the  shoe  angle.  Bases  for  wooden  columns 
are  treated  in  Art.  68. 

101.  Cast  Bases. — If  a  cast  base  is  used  (Figs.  103a  and  98a),  the  weak  section  will  be  at 
the  edge  of  the  upper  bearing  plate  of  the  casting,  and  the  vertical  webs  and  lower  plate  must  be 
strong  enough  to  carry  the  load  on  the  projecting  portions  "a"  (see  Fig.  103a).  The  maximum 
extreme  fiber  stress  on  the  cast  iron  should  not  exceed  about  2500  to  3000  lb.  per  sq.  in.  in 
tension,  or  10,000  to  12,000  lb.  per  sq.  in.  in  compression. 

Illustrative  Problem. — Design  a  cast-iron  base  to  support  the  end  of  a  girder  whose  reaction  is  120,000  lb.  and 
the  length  of  the  bearing  "I"  is  limited  to  12  in.  Assume  the  bearing  to  be  on  a  concrete  wall  having  an  allowable 
bearing  value  of  400  lb.  per  sq.  in. 

Required  bearing  area  =  — 7^,7; —  =  300  sq.  in. 


400 
Required  width  of  casting  =  -— 


=  25  in. 


If  6 


13  in.,  a  =  6  in.,  and  the  load  on  the  portion  "a"  will  be, 

(12)  (6)  (400)  =  28,800  1b. 
The  moment  at  the  edge  of  the  upper  bearing  plate  of  the  casting  will  be 

M  =  (28,800)  (3)  =  86,400  in. -lb. 

The  section  at  this  point  is  shown  in  Fig.  103(c). 

Assuming  the  metal  to  be  M  in.  thick,  the  required  depth  " d"  may  be  found  by  trial  as  follows. 
Try  d  =  4?4  in.,  then  I  =  17.36.  c  =  1.08  in.  to  bottom  (tens,  side) 

c  =  2.92  in.  to  top  (comp.  side). 
Mc  _    (86,400)(1.08) 
/ 


/  = 


17.36 

(86,400)  (2.92) 

17.36 


=  5370  lb.  per  sq.  in.,  tension 

=    14,530  lb.  per  sq.  in.,  compression. 


As  these  unit  stresses  are  excessive,  either  the  metal  must  be  made  thicker  or  the  depth  "d"  greater. 
Try  d  =  6^4  in.,  then  /  =  56.30.  c  =  1.775  in.  to  bottom  (tens,  side) 

c  =  4.225  in.  to  top  (comp.  side) 
Mc        (86,400)(1.775) 
/ 


/  = 


56.30 

(86,400)(4.225) 
56.30 


tension 


=   2720  lb.  per  sq. 

=  6480  lb.  per  sq.  in.,  compression. 


''//////////////IV// 


Fig.   104. 


These  fiber  stresses  are  within  safe  hmits,  so  the  depth  of  the  casting  may  be  made  6J4  in. 

102.  Expansion   Bearings. — For    steel    girders  and 


trusses  over  30  ft.  in  length,  provision  must  be  made 
for  expansion  and  contraction  due  to  changes  in  tem- 
perature. For  spans  less  than  30  ft.  there  will  usually 
be  sufficient  play  in  the  anchorages  to  allow  for  the 
movement. 

For  spans  between  30  to  100  ft.,  provision  for  ex- 
pansion should  be  made  by  providing  two  bearing 
plates  at  one  end  of  the  girder,  as  shown  in  Fig.  103(6), 
one  riveted  to  the  girder  and  the  other  one  anchored  to 
the  masonry.  The  anchor  bolt  holes  in  the  upper  plate  which  is  riveted  to  the  girder  should 
be  slotted  to  provide  for  the  necessary  movement  due  to  temperature  changes.  The  extreme 
movement  will  be  about  1  in.  for  each  80  ft.  of  span.  If  the  bearing  area  exceeds  about  120 
sq.  in.,  the  sliding  surfaces  should  be  planed. 

For  spans  exceeding  100  ft.,  nests  of  turned  rollers  should  be  placed  between  the  bearing 
plates  at  the  movable  end  of  the  span.  These  roller  bearings  should  be  so  arranged  that  they 
can  be  readily  cleaned  and  so  that  they  will  not  collect  dirt  and  moisture.  The  bearing  pressure 
on  the  rollers  should  not  exceed  600D  per  lin.  in.  of  roller,  where  D  =  diameter  of  roller  in  inches. 
Fig.  104  shows  a  design  for  a  roller  bearing. 

103.  Hinged  Bolsters. — For  spans  exceeding  100  ft.,  hinged  bolsters  should  be  provided 
at  each  end.     These  bolsters  may  be  either  cast  or  built  up  of  plates  and  shapes. 
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The  pin  should  be  turned  and  the  pin  hole  bored  to  a  diameter  not  more  than  3>3  2  in. 
greater  than  the  diameter  of  the  pin.  The  bearing  area  on  the  pin  (diam.  of  pin  X  thickness 
of  bearing)  should  be  sufficient  so  that  the  unit  pressure  does  not  exceed  24,000  lb.  per  sq.  in., 
and  the  maximum  fiber  stress  on  the  pin  due  to  bending  should  not  exceed  24,0001b.  per  sq.  in. 
The  unit  shearing  stress  should  not  exceed  10,000  lb.  per  sq.  in.  Fig.  104  shows  such  a 
hinged  bolster. 

104.  Anchors. — The  ends  of  beams  and  girders 
should  be  anchored  to  their  support  with  bolts  securely 
fastened  into  the  masonry.  Anchor  bolts  for  columns 
should  be  designed  to  resist  13'2  times  the  bending 
moment  at  the  base  of  the  column  and  should  engage  a 
sufficent  weight  of  masonry  to  withstand  this  moment 
and  also  13-^  times  the  calculated  uplift  (if  any)  on  the 
column  due  to  wind.  Such  an  anchorage  is  shown  in 
Fig.  105. 

For  simple  I-beams  built  into  walls,  the  anchor 
bolts  are  frequently  put  through  the  web  of  the  beam,  or  small  angles  are  riveted  to  the  end  of 
the  web  to  provide  the  necessary  anchorage.  Fig.  105  shows  several  forms  of  anchor  bolts. 
The  position  of  anchor  bolts  is  also  shown  in  Figs.  08,  102,  103,  and  104. 


Built  in  anchors 
Fig. 


o 


I 


Hacl<ed  Split 
bolt        belt 


105. 


Syvedot 
jbolf 


TENSION  MEMBERS 
By  Clyde  T.  Morkis 

105.  Rods  and  Bars. — ^The  simplest  form  of  tension  member  is  the  round  or  square  rod 
with  threads  and  nuts  on  the  ends.  Fig.  106  shows  details  of  the  end  connections  of  several 
such  members. 

In  designing  such  a  member  the  required  area  is  obtained  by  dividing  the  total  stress  by 
the  allowable  unit  stress.  The  least  area  of  cross  section  of  the  member  must  be  equal  to  or 
exceed  this  required  area. 


Hibod  truss  tension  member  Rods  for  hanging  balcory 

Fig.   106. 

The  least  sectional  area  of  a  plain  round  rod  with  threads  cut  on  the  ends  will  be  at 
the  root  of  the  threads.  If  the  rod  is  long,  the  ends  should  be  upset,  that  is,  increased  in  diame- 
ter, so  that  the  area  at  the  root  of  the  threads  will  be  greater  than  the  area  of  the  body  of  the  bar; 
but  if  the  member  is  short,  the  cost  of  upsetting  may  be  greater  than  the  saving  in  material,  in 
which  case  the  bar  may  be  made  of  sufficient  size  for  the  entire  length  to  allow  for  the  cutting 
of  the  threads. 

Tables  of  standard  upsets  and  areas  at  the  root  of  threads  are  given  in  the  steel  handbooks 
(see  also  Table  156,  p.  238). 

Plain  loops  for  connection  to  pins  are  made  by  bending  the  rod  around  a  pin  of  the  required 
diameter  and  welding  the  end  to  the  main  bar.  Forked  loops  are  also  sometimes  used  The 
forked  loop  is  welded  to  the  main  bar  and  should  have  a  total  cross  section  through  the  eye  at 
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least  50%  in  excess  of  that  of  the  main  bar.  The  forked  loop  is  not  so  reliable  as  a  plain 
loop  because  it  depends  entirely  upon  the  weld  for  its  connection.  Tables  of  standard  loop 
bars  are  given  in  the  handbooks  of  the  various  steel  companies. 

Fig.  107  shows  various  end  connections  for  tension  members  comjxjsed  of  rods  and  bars. 

106.  Riveted  Tension  Members. — In  riveted  structures  the  tension  members  are  usually 
made  of  rolled  shapes  built  into  forms  which  have  considerable  stiffness.  Although  theoretically 
there  may  be  no  compressive  or  bending  stresses  in  these  members,  the  structure  will  be  stiffened 
and  vibrations  considerably  reduced  if  the  tension  members  are  made  of  a  form  capable  of 
resisting  compression. 

Fig.  108  shows  cross  sections  of  various  forms  of  riveted  tension  members.  The  cost  of 
fabrication  of  these  types  will  vary  roughly  with  the  number  of  lines  of  holes  that  have  to  be 
punched  and  the  number  of  lines  of  rivets  that  have  to  be  driven. 


A  BCD 


Single  angles  are  sometimes  used  for  tension  members  of  light  riveted  trusses,  but  this 
practice  is  not  good  as  it  forms  an  unsymmetrical  member  and  eccentric  end  connections  are 
unavoidable. 

Unless  absolutely  necessary,  unsymmetrical  cross  sections  should  not  be  used.  When 
unsymmetrical  sections  are  used,  the  eccentric  moments  should  be  calculated  and  the  resultant 
unit  stresses,  figured  as  shown  in  Sect.  1,  Art.  101,  should  not  exceed  the  allowable  units  specified. 

It  is  nnpossible  to  so  design  a  riveted  tension  member  that  the  entire  cross  section  of  the 
body  of  the  member  is  available  for  tension  area,  on  account  of  the  necessity  of  punching  holes 
for  the  rivets.  This  of  course  reduces  the  effective  net  area.  This  may  be  illustrated  by  the 
solution  of  a  problem. 

Illustrative  Problem. — Fig.  109  shows  a  splice  in  a  plate  carrying  tension,  so  designed  that  a  maximum  of  the 
gross  section  of  the  plate  is  available  for  net  tension  area.     Assume  the  following  data: 

Allowed  tension  unit  stress 16,000  lb.  per  sq.  in. 

Allowed  shear  on  rivets 12,000  lb.  per  sq.  in. 

Allowed  bearing  on  rivets 24,000  lb.  per  sq.  in. 

Total  stress  to  be  carried 64,000  lb. 

The  number  of  rivets  required  will  in  this  case  be  determined  by  the  bearing  value  of  a  rivet  on  the  12  X  ?8-in. 

plate.     This  is  6750  lb.     The  total  number  of  rivets  required  is -^^   =  10. 

^,s^    «        ■    ■_  /  ^  3^XJgX^   1 —    rpjjg  required  net  area  of  the  12  X  ?8-in.  plate  at  the  first  line  of  rivets  (AA),  is 

?VM5*=       1]/^^,  '      '   I  !  ?|^n  =  4.12  sq.  in.     The  available  net  area  on  line  AA  is  (12)(?^)  -  (?i  + 

"'i^  5  '  ~  L'^ijTi.  _T"-'?r^ I  ■it»,uuu 

l4J  l.joi,j.j|^ii»k»t5.l  >^){?8)   =  4.17  sq.  in.      (The  diameter  of  the  hole  is  assumed   to  be   >^  in. 

g  '•^•^■••"/^  S^^';(i'\  larger  than  the  rivet.) 

■^  At  the  second  line  of  rivets  (BB),  the  stress  in  the  main  plate  has  been  re- 

I  duced  by  the  portion  carried  by  the  first  rivet,  therefore  the  stress  to  be  carried 

.*-■     — 1     4-»--f-  -♦■  I  I  is  only  ?io  (64,000)   =  57,600  lb.     The  required  net  area  of  the  12  X  ?s-in.  plate 

■  '  '  *--lJ-tJ -»  ^y  600 

'''J  \^  Uji>I.JtA.J  *'°  *^^  ^'"®  ^^  ^  16^000  "  ^'^^   ^^'   '"■     '^^^   available  net  area  =  (.12){H) 

vVy>-  _  2(J^  +ys){H)   =3.84  sq.  in. 

Fig.   110.  In  like  manner  the  available  net  section  at  each  line  of  rivets  will  be  found 

to  be  in  excess  of  that  required. 

The  splice  plates  must  be  made  thick  enough  so  that  the  net  '^ection  on  the  last  line  of  rivets  DK,  is  sufficient 

to  carry  the  entire  stress  (  =  4.12  sq.  in.).      The  net  width  of  the  splice  plates  at  this  point  is  12  —  (4)CJ8)=  8.5  in. 

4.12 
Therefore  the  required  thickness  of  the  two  splice  plates  is  ^  }r  =  0.49  in.     Use  two  splice  plates  12  X  }i-     Total 

thickness  =  0.5  in. 
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The  distance  between  the  suecessive  rows  of  rivets  must  be  sufficient  so  that  the  net  section  on  a  zig-zag  line, 
such  as  DEFGHIJK,  is  greater  than  the  square  section  KD. 

In  members  composed  of  shapes  the  net  section  is  figured  by  considering  the  shape  to  be 
straightened  out  hke  a  plate  and  calculating  the  net  areas  on  the  various  possible  rupture  sections 
to  find  the  least  net  area.  Fig.  110  shows  two  angles  so  developed  and  the  possible  rupture 
sections. 

In  designing  the  end  connections  of  riveted  tension  members  the  rivets  should  be  so  ar- 
ranged that  the  maximum  possible  net  section  is  available  at  the  beginning  of  the  connection 
where  the  stress  is  carried  entirely  by  the  main  section.  This  was  illustrated  in  the  design  of  the 
splice  in  Fig.  109. 

A  riveted  tension  member  in  a  horizontal  or  inclined  position  should  have  sufficient  stiffness 
to  prevent  sagging  between  connections.  The  unit  stresses  in  such  a  member  caused  by  bend- 
ing due  to  its  own  weight,  are  calculated  in  Sect.  1,  Art.  101.  ■—  -^^ 

When  a  tension  member  is  composed  of  two  or  more  parallel  ^ — "■ — -— — ; "^ 

elements  as  shown  in  Fig.    Ill,   these   should   be    connected    ^^^__ 
together  throughout  their  length  to  form  a  unit,  similar  to  a  {^        j^ 
compression  member.     The  distance  between  such  successive  ^v . 
stays  should  not  be  great  enough  so  that  the  ratio  of  unsup- 
ported length  to  least  width  of  the  individual  parts  is  as  great 
as  that  of  the  member  as  a  whole. 

107.  "Wooden     Tension     Members. — Wooden     tension 

members  are  not  extensively  used  except  for  the  bottom  chords       "     , ,  ,      ,  , 

„  .    ,      ,  ,         .  .  Bafnsn  orsrayp/ares 

01  wooden  trusses.     On  account  of  the  low  shearing  resistance  - 

of  wood  along  the  grain,  the  greatest  difficulty  is  encountered 

in  transmitting  the  stresses  from  the  other  truss  members  to  the  bottom  chord  near  its  end, 

and  in  splicing  the  chord  where  the  span  is  too  great  to  make  it  possible  to  get  the  timbers  in 

full  lengths. 

These  bottom  chords  are  frequently  made  up  of  several  leaves  from  2  to  6  in.  thick  and  8 
to  14  in.  deep.  Due  to  the  necessity  of  notching  into  the  timbers  to  obtain  bearing  for  the  ends 
of  other  members  and  for  splice  plates,  and  to  the  large  number  of  holes  necessary  for  bolting 
the  pieces  together,  the  effective  net  section  cannot  be  a  very  large  proportion  of  the  gross  area 
of  cross  section. 

For  design  of  tension  splices,  see  Art.  119. 

SPLICES  AND  CONNECTIONS— WOODEN  MEMBERS 
By  Henry  D.  Dewell 

108.  Nails. — Wire  nails  are  usually  of  steel,  of  circular  cross  section  without  taper,  and 
with  a  head  and  point.  In  size  they  are  designated  as  8-D  (8  penny),  10-D  (10  penny),  etc., 
and,  in  class,  as  common,  finishing,  casing,  barbed  roofing,  shingle,  fine,  cement  coated,  etc. 

Cut  nails  are  of  steel  or  iron,  with  a  rectangular  cross  section,  and  taper  from  head  to  point, 
the  latter  being  cut  square,  i.e.,  not  pointed.     The  sizes  are  designated  as  for  wire  nails. 

Spikes  designate  the  larger  sizes  of  nails. 

The  sizes  of  nails  and  spikes  are  given  in  Tables  1  to  9  inclusive.  For  quantity  of  nails 
required  in  timber  construction,  see  Table  10. 

Boat  spikes  are  employed  in  heavy  timber  construction.  They  are  made  from  square  bars 
of  steel  or  wrought  iron,  have  a  forged  head  and  a  wedge-shaped  point.  The  common  sizes 
and  weights  are  given  in  Table  11. 

109.  Screws. — Screws  may  be  classified  as  (1)  common  wood  screws,  and  (2)  lag,  or  coach 
screws. 

Wood  screws  have  slotted  heads;  the  shank  is  smooth  for  a  portion  of  its  length  adjacent 
to  the  head,  the  remainder  of  the  length  being  threaded,  and  tapering  to  a  point.     Wood  screws 
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are  usuall}^  of  steel,  but  are  made  also  of  bronze  and  brass.  The  ordinary  wood  screw  has  a 
flat  head,  but  screws  are  also  made  with  round  heads.  Wood  screws  are  designated  by  gage 
and  length.  Given  the  gage  number,  the  diameter  of  the  smooth  shank  may  be  found  from  the 
formula 

d  =  0.0578  +  0.01316G 

where  d  =  diameter  in  inches,  and  G  =  gage  number  of  screw.  Table  12  gives  the  length  and 
gage  numbers  of  wood  screws,  flat  head,  bright  steel. 

Lag  screws  are  of  heavier  stock  than  the  common  wood  screws  and  have  a  square  head  with- 
out slot.     Table  13  gives  the  sizes,  lengths,  and  weights  of  lag  screws. 

110.  Bolts. — ^Bolts,  in  timber  construction,  may  be  divided  into  two  classes,  (1)  common, 
ordinary,  or  machine  bolts,  and  (2)  drift  bolts. 

Machine  bolts  are  of  steel  or  wrought  iron,  of  circular  cross  section  without  taper,  having  a 
square  head  upset  on  one  end,  and  the  other  end  threaded  to  receive  a  nut.  The  length  of  a 
bolt  is  the  length  from  underside  or  inside  of  head  to  end  of  thread.  Nuts  are  usually  square 
unless  otherwise  ordered,  but  hexagonal  nuts  may  be  obtained  where  desired.  Table  14  gives 
the  weights  of  100  machine  bolts  with  square  heads  and  nuts.  Table  15a  gives  the  values  in 
tension  of  bolts  at  various  stresses,  based  on  the  areas  of  the  bolts  at  the  root  of  thread.  Table 
156  gives  the  strength  of  round  rods  with  upset  ends. 

111.  Lateral  Resistance  of  Nails,  Screws  and  Bolts. — When  spikes,  screws  and  bolts  are 
subjected  to  lateral  forces  in  a  timber  joint,  shearing  and  bending  stresses  are  produced  in  the 
spikes,  screws,  or  bolts,  and  the  timber  in  contact  with  the  metal  is  subjected  to  pressure.  In 
timber  construction,  joints  of  this  nature  are  of  common  occurrence,  and  it  is  necessary  to  have 
safe  working  values  for  such  details.  The  factors  entering  into  a  theoretical  consideration  of 
the  stresses  produced  in  such  a  joint  are  many  and  complex,  and  in  the  determination  of  safe 
working  values,  recourse  must  be  had  to  the  results  of  tests. 

In  the  case  of  nails  and  screws  a  theoretical  analysis  of  the  stresses  is  not  practical. 
Tests!  have  established  fairly  definitely  the  ultimate  strength  and  elastic  limits  of  such  joints. 


Table  1. 

— Wire  Nails — Common 

Size 

Length 

Gage 

Diameter 

Approximate 

(inches) 

(number) 

■    (inches) 

number  to  pound 

2d 

1 

15 

0.072 

876 

3d 

IK 

14 

0.083 

568 

4d 

iy2 

12H 

0.102 

316 

5d 

m 

12H 

0.102 

271 

6d 

2 

UH 

0.115 

181 

7d 

2H 

UH 

0.115 

161 

8d 

2H 

lOK 

0.124 

106 

lOd 

3 

9 

0.148 

69 

12d 

3K 

9 

0.148 

63 

16d 

3>$ 

8 

0.165 

49 

20d 

4 

6 

0.203 

31 

30d 

4H 

5 

0.220 

24 

40d 

5 

4 

0.238 

IS 

50d 

5H 

3 

0.259 

14 

60d 

6 

2 

0.284 

11 

1  Tests  for  nails:  Walker  and  Cross,  Jour.  Assn.  Eng.  Soc,  vol.  19,  Dec.  1897;  Darrow  and  Buchanan,  Proc. 
Ind.  Eng.  Soc,  1900;  Morgan  and  Marish,  Eng.  Exp.  Sta.,  Iowa  State  College,  Bui.  No.  2;  Tests  made  for  Bureau 
of  Buildings,  Portland,  Ore.,  Eng.  News-Rec,  vol.  79,  No.  19,  Nov.  8,  1917,  also  vol.  79,  No.  26.  Dec.  27,  1917;  also 
"The  Timberman,"  Portland,  Ore.,  vol.  18,  No.  12,  Oct.,  1917;  "Tests  Made  to  Determine  Lateral  Resistance  of 
Wire  Nails,"  Thomas  R.  C.  Wilson,  Eng.  News-Rec,  vol.  75,  No.  8,  Feb.  14,  1917;  Jacoby's  "Structural  Details;" 
Dewell's  "Timber  Framing." 
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Table  2. — Wire  Nails — Finishing 

Size 

Length 

Gage 

Approximate 

(inches) 

(number) 

number  to  pound 

2d 

1 

16?-^ 

1351 

3d 

l>i 

15H 

807 

4d 

m 

15 

584 

5d 

iji 

15 

500 

6d 

2 

13H 

309 

7d 

2>i 

13 

238 

8d 

2>^ 

12}-^ 

189 

lOd 

3 

IIH 

121 

12d 

3H 

IIH 

113 

16d 

3M 

11 

90 

20d 

4 

10 

62 

Table  3. — Wire  Nails— Casing 

Size 

Length 

Gage 

Approximate 

(inches) 

(number) 

number  to  pound 

2d 

1 

15H 

1010 

3d 

IK 

14K 

635 

4d 

m 

14 

473 

5d 

m 

14 

407 

6d 

2 

12>^ 

236 

7d 

2>i 

12H 

210 

8d 

2>^ 

IIJ-^ 

145 

lOd 

3 

lOH 

94 

12d 

3K 

10>^ 

87 

16d 

3H 

10 

71 

20d 

4 

9 

52 

30d 

^H 

9 

46 

40d 

5 

8 

35 

Table  4. — Wire  Nails — Fine 

Size 

Length 

Gage 

Approximate 

(inches) 

(number) 

number  to  pound 

2d 

1 

16>^ 

1351 

3d 

IH 

15 

778 

Table  5. — Wire  Nails — Shingle 

Length 

Gage 

Approximate 

(inches) 

(number) 

number  to  pound 

3d 

1>4 

13 

429 

4d 

m 

12 

274 
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Table  6.— Wire  Nails— Barbed  Roofing 


[Sec.  2-111 


Length 

Gage 

Approximate 

(inches) 

(number) 

number  to  pound 

H 

12 

548 

14 

12 

469 

% 

13 

613 

14 

14 

811 

1 

12 

411 

1 

13 

536 

1 

14 

710 

2 

9 

103 

Table  7. — Wire  Nails — Felt  Roofing  (Galvanized) 


Length 
(inches) 

Gage 
(number) 

Diameter  of 
head  (inches) 

Approximate 
number  to  pound 

14 

1 

12 
12 

215 
198 

Table  8. — Wire  Spikes 


Length 

Approximate 

(inches) 

number  to  pound 

1 

6 

1  gage 

8 

7 

Me  in. 

7 

8 

H     in. 

6 

9 

?8     in. 

5 

10 

H     in. 

4 

12 

98     in. 

3 

Table  9. — Cut  Nails 

Size 

Length  (inches) 

Size 

Length  (inches) 

3d 

IK 

12d 

•         3>i 

4d 

m 

16d 

3H      ■ 

5d 

iH 

20d 

4 

6d 

2 

30d 

4H 

7d 

2>i 

40d 

5 

8d 

2H 

50d 

5H 

lOd 

3 

60d 

6 

1 
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Table  10. — Quantity  of  Nails  Required  for  Timber  Construction 


Size 
nail 


Nails  in  pounds  for  various  spacing 
of  joists  and  studding 


12 
in. 


16 

in. 


36 

in. 


48 
in. 


60 


1000  M.B.M. 

1000  pes 

1000  M.B.M. 


100  lin.  ft.. 
1 
1 


Joists,  frame  building 

.Joists,  brick  building 

Bridging,  1X4 

Bridging,  2X4 

Studding 

Studding 

Sheathing,  1X8 

Flooring,  1  X  4 

Flooring,  1  X  4 

Flooring,  1X6 

Flooring,  1  X  6 

Planking,  3  X  6,  2  nailings. 
Planking,  3  X  8,  2  nailings. 
Planking,  3  X  10,  2  nailings 
Planking,  3  X  12,  3  nailings 
Planking,  2  X  6,  2  nailings. 
Planking,  2  X  10,  2  nailings 

Finishing 

Base 

Door 

Window 


20d 
20d 

8d 
lOd 
20d 
lOd 

8d 

8d 
lOd 

8d 
lOd 
60d 
60d 
60d 
60d 
20d 
20d 

8d 
8  X  6d 
8  X  6d 
8  X  6d 


20 

12 


15 
5 
26 
26 
40 
17 
26 


12 
4 
20 
22 
32 
13 
20 


35 
50 


42 
25 


51 
39 
31 
39 
27 
16 


40 
30 
24 
30 
21 
13 


34 
26 
20 
26 

18 
11 


Table  11. — Boat  Spikes — -(Wrought  Iron) 


Size 

Average  number 
100  lb. 

Size 

Average  number 
in  100  lb. 

>4     X3 

1500 

?^     X     7 

325 

3H 

1350 

8 

300 

4 

1187 

9 

263 

4M 

1110 

10 

238 

5 

1025 

He  X     6 

300 

5H 

975 

7 

295 

6 

913 

8 

255 

He  X  4 

680 

9 

200 

4H 

650 

10 

180 

5 

615 

3-^X6 

225 

5H 

605 

7 

188 

6 

588 

8 

168 

^A     X5 

470 

9 

150 

6 

400 

10 

138 

12 

120 
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Table   12. — Wood  Screws 

(Flat  Head,  Bright  Steel) 


[Sec.  2-11 


Length 

(inches) 

Gage  E 

umbers 

>i 

0 

1 

2 

3 

4 

H 

*0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

yi 

•1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

•11 

•12 

H 

*1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

V4. 

*2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

•13 

14 

•15 

•16 

Vk 

•2 

•3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

•13 

14 

•15 

•16 

1 

*3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

•17 

•18 

IK 

*4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

•17 

•18 

•20 

Wt. 

*5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

20 

'9.9. 

m 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

20 

•22 

•24 

2 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

•17 

18 

20 

•22 

•?,4 

2M 

6 

7 

8 

9 

10 

11 

12 

13 

14 

*15 

16 

•17 

18 

•20 

•22 

•24 

2H 

8 

9 

10 

11 

12 

13 

14 

•15 

16 

•17 

18 

20 

22 

24 

*2% 

no 

*11 

*12 

*13 

•14 

•15 

•16 

•17 

•18 

•20 

•22 

•24 

3 

*10 

11 

12 

•13 

14 

15 

16 

•17 

18 

20 

22 

•24 

•26 

3H 

*10 

*11 

*12 

*13 

14 

•15 

16 

•17 

18 

20 

•22 

24 

•26 

4 

12 

14 

16 

18 

20 

22 

24 

•26 

4K 

*16 

*18 

20 

22 

24 

26 

5 

*18 

20 

*22 

*24 

•26 

•28 

*() 

*20 

*22 

♦24 

*26 

•28 

•30 

J  Sizes  not  usually  carried  in  stock. 


Table  13. — Lag  Screws 

(Gimlet  Point.     Square  Head) 


Diameter  (inches) 

Length 

(inches) 

>4 

He 

?8 

hi 

H 

n 

Js 

Weight  in  pounds  of  100  screws 

IH 

2.6 

3.9 

5.1 

10.4 

IH 

2.7 

4.0 

6.0 

11.0 

m 

2.8 

4.4 

5.8 

11.7 

2 

3.1 

4.8 

6.7 

13.0 

24.0 

2H 

3.7 

5.6 

8.4 

15.6 

27.2 

39.0 

3 

4.2 

6.5 

9.1 

18.2 

30.5 

45.0 

66.0 

3M 

1.8 

7.3 

10.6 

20. G 

33.7 

51.0 

72.0 

4 

5.-4 

8.2 

12.0 

22.9 

37.0 

57.0 

78.0 

4>i 

SO 

9.0 

13.0 

25.8 

40.2 

62.0 

85.0 

5 

i.6 

9.9 

14.0 

27.5 

43.5 

67.0 

92.0 

5>2 

10.8 

15.0 

30.3 

47.0 

72.0 

100.0 

6 

11.7 

16.0 

32.0 

50.6 

77.0 

107.0 

7 

36.5 

57.8 

87.0 

122.0 

8 

41.0 

64.7 

97.0 

137.0 

9 

45.5 

72.0 

107.0 

152.0 

10 

50.0 

79.2 

117.0 

167.0 

11 

54.5 

86.5 

127.0 

ISO.O 

12 

59.0 

94.0 

137.0 

191.0 
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Table    14. — Machine  Bolts^ 


Diameter  (inches) 

yi 

?f6 

H 

lU 

}'2 

Vi 

?'4 

K 

1 

Length 

laches) 

Threads  per  inch 

20 

18 

16 

14 

13 

11 

10 

9 

8 

Weight  in  pounds  of  100  bolts  with  square  heads  and  nuts 

H 

2.4 

4.4 

6.9 

10.4 

1 

2.8 

4.9 

7.6 

11.5 

10.3 

m 

3.1 

5.5 

8.4 

12,5 

17.7 

31.7 

52.2 

m 

3.4 

6.0 

9.2 

13.6 

19.1 

33.8 

55.3 

83.4 

2 

4.1 

7.1 

10.8 

15.7 

21.8 

38.1 

61.5 

91.8 

129.0 

2>^ 

4.8 

8.2 

12.3 

17.8 

24.6 

42.4 

67.7 

99.7 

140.1 

3 

5.5 

9.2 

13.8 

19.9 

27.4 

46.7 

73.9 

108.1 

151.1 

3H 

6.2 

10.3 

15.3 

21.8 

29.8 

51.0 

80.1 

116.6 

162.2 

4 

6,9 

11.4 

16.9 

24.0 

32.6 

55.4 

86.3 

125.0 

173.2 

4>i 

7.5 

12.4 

18.4 

26.1 

35.4 

59.3 

92.1 

132.9 

182.7 

5 

8.2 

13.5 

19.9 

28.2 

38.1 

63.6 

98.3 

141.3 

193.7 

5K 

8.9 

14.6 

21.5 

30.3 

40.9 

67.9 

104.5 

149.8 

204,8 

0 

9.6 

15.6 

23.0 

32.4 

43.7 

72.3 

110.7 

158.2 

215.8 

dM 

10.3 

16.7 

24.6 

34.5 

46.4 

76.6 

116,9 

166.7 

226.9 

7 

11.0 

17.8 

26.1 

36.6 

49.2 

80.9 

123,1 

175.1 

237.9 

IVi 

11.7 

18.9 

27.7 

38.8 

51.9 

85.2 

129.4 

183.6 

248.9 

8 

12.4 

20.0 

29.2 

40.9 

54.7 

89.5 

135.6 

192.0 

260.0 

9 

13.7 

22.1 

32.4 

44.9 

60.0 

97.8 

147.5 

208.8 

281.3 

10 

15.1 

24.3 

35.5 

49.1 

65.5 

106.4 

160.0 

225.2 

303 . 3 

11 

16.5 

26.4 

38.6 

53.4 

71.0 

115.1 

172.4 

242.2 

325.5 

12 

17.9 

28.6 

41.7 

57.6 

76.5 

123.7 

184.8 

259.1 

347.6 

13 

19.3 

30.7 

44.8 

61.8 

82.0 

132.0 

197.2 

276.0 

369.6 

14 

20.6 

32.9 

47.9 

66.0 

87.6 

140.6 

209.7 

292.9 

391.7 

1.5 

22.0 

35.1 

51.0 

70.3 

93.1 

149.2 

222,1 

309.8 

413.8 

10 

23.4 

37.2 

54.1 

74.5 

98.6 

157.9 

234.5 

326.7 

435 . 9 

17 

24.8 

39.4 

57.2 

78.7 

104.1 

166.5 

246.9 

343.6 

458.0 

18 

26.2 

41.5 

60.3 

82.9 

109.7 

175.1 

259.4 

360.5 

480.1 

19 

27.5 

43.7 

63.4 

87.2 

115.2 

183.7 

271.8 

377.5 

502,2 

20 

28.9 

45.8 

66.5 

91.4 

120.7 

192.4 

284.2 

394.4 

524,3 

21 

30.3 

48.0 

69.6 

95.6 

126.2 

201.0 

296.6 

411,3 

546,4 

22 

31.7 

50.2 

72.7 

99.9 

131.7 

209.6 

309.1 

428,2 

568.4 

23 

33.1 

52.3 

75.8 

104.1 

137.3 

218.3 

321.5 

445.1 

590.5 

24 

34.4 

54.5 

78.9 

108.3 

142.8 

226.9 

333.9 

462.0 

612.6 

25 

35.8 

56.6 

82.1 

112.5 

148.3 

235.5 

346.3 

478.9 

634.7 

26 

37.2 

58.8 

85.2 

116.8 

153.8 

244.1 

358.8 

495.8 

656.8 

27 

38  6 

60.9 

88.3 

121.0 

159.4 

252.8 

371.2 

512.7 

678.9 

28 

40.0 

63.1 

91.4 

125.2 

164.9 

261.4 

383.6 

529.7 

701.0 

29 

41.3 

65.3 

94.5 

129.5 

170.4 

270.0 

396.0 

546.6 

723.1 

30 

42.7 

67.4 

97.6 

133,7 

175.9 

278.7 

408.5 

563.5 

745.2 

'  See  also  table  in  Carnegie  Pocket  Companion. 
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T.^BLE   15a. — Tensile  Strength   of  Bolts  and  Round  Rods  without  Upset  Ends 

r. 

Diameter 

Diameter  of 

Weight   per 

Strength  of  rod 

of  rod 

root  of 

lin.  ft. 

At  12.500  lb. 

At  15,000  lb.      At  16,000  lb. 

At  20.000  lb. 

thread 

per  sq.  in. 

per  sq.  in.            per  sq.  in. 

per  sq.  in. 

H 

0.294 

0.376 

848 

1,018 

1,088 

1,360 

Ks 

0.344 

0.511 

1,160 

1,393 

1,489 

1,860 

H 

0.400 

0.668 

1,570 

1,884 

2,018 

2,520 

I 

K6 

0.454 

0.845 

2,022 

2,427 

2,590 

3,240 

V 

H 

0.507 

1.043 

2,524 

,   3,030 

3,230 

4,040 

I" 

H 

0.620 

1.502 

3,780 

4,530 

4,830 

6.040 

H 

0.731 

2.044 

5,250 

6,300 

6,720 

8,400 

■■ 

1 

0.837 

2.670 

6,880 

8,240 

8,800 

11,000 

IVa 

0.940 

3.380 

8,670 

10,420 

11,100 

13,880 

IK 

1  .065 

4.170 

11,170 

13,420 

14,280 

17,860 

. 

m 

1.160 

5.050 

13,220 

15,860 

16.900 

21,140 

m 

1.284 

6.010 

16,190 

19,420 

20,700 

25,900 

i 

iH 

1.389 

7.050 

18,930 

22,720 

24,200 

30,300 

- 

m 

1.490 

8.180 

21,880 

26,170 

27,900 

34,880 

m 

1.615 

9.390 

25,600 

30,720 

32,800 

40,960 

„ 

2 

1.712 

10.680 

28,800 

34,550 

36,800 

46,040 

2K 

1.962 

13.520 

37,800 

45,350 

48,400 

60,460 

•■ 

2H 

2.175 

16.690 

46,450 

55,700 

59,400 

74,300 

z 

2H 

2.425 

20  200 

57,750 

69,200 

73,800 

92,380 

3 

2.629 

24.030 

67,800 

81,400 

86,900 

108,560 

Table   156.— 

Strength  of  Round  Rods  with  Upset  Ends 

Diameter 

Diameter  of 

Weight  per 

Strength  of  rod 

: 

of  rod 

upset 

lin.  ft. 

At  12,500  lb.      At  15,000  lb.      At  16,000  lb. 

per  sq.  in.            per  sq.  in.            per  sq.  in. 

At  20,000  lb. 
per  sq.  in. 

c 

y2 

?i 

0.668 

2,453 

2,944 

3,135 

3,920 

V 

Me 

Va 

0.845 

3,106 

3,727 

3,980 

4,980 

^ 

Vs 

1.043 

3,835 

4.600 

4,910 

6,140 

^Me 

1 

1.262 

4,640 

5,560 

6,940 

7,420 

% 

1 

1.502 

5,520 

6,627 

7,080 

8.840 

i 

^^6 

iVs 

1.763 

6,490 

7,790 

8,310 

10,380 

If 

% 

m 

2.044 

7,516 

9,020 

9,630 

12,020 

1^6 

m 

2.347 

8,630 

10,340 

11,040 

13.800 

1 

m 

2.670 

9,815 

11,780 

12,560 

15,700 

" 

1  Va 

m 

3.379 

12,425 

14,900 

15,910 

19.880 

1  H 

1^8 

4.173 

15,330 

18,400 

19,650 

24.540 

1  % 

m 

5.049 

18,550 

22,260 

23,750 

29.700 

1  J-^ 

2 

6.008 

22,080 

26,500 

28,300 

35.340 

1  % 

2>8 

7.051 

25,910 

31,090 

33,200 

41.480 

1  % 

2H 

8.178 

30,060 

36,070 

38,500 

48,100 

1  H 

2H 

9.388 

34,600 

41,400 

44,200 

55,220 

2 

2>^ 

10.680 

39,270 

47,130 

50,300 

62,840 

2  >g 

2H 

12.060 

44,320 

53.190 

56,700 

70.940 

2  >i 

2% 

13.520 

49,700 

59,680 

63,600 

79.520 

2  % 

3 

15.070 

55,370 

66,450 

70,900 

88.600 

2  >^ 

3H 

16.690 

61,350 

73,620 

78,500 

98.180 

2  ?^ 

3H 

18.400 

67,600 

81,200 

86,600 

108,240 

2   Ji 

3?8 

20.200 

74,230 

89,080 

95,100 

118,800 

The  safe  working  value  f 

or  common  wire  nails  or  spikes  for  resistance  to  lateral  forces  in 

timber  joints  of  yellow  pine  o 

r  Douglas  fir  may  be  taken  at 

P 

=  4000^2 

. 

Sec.  2-1121 
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where  p  =  safe  lateral  resistance  of  one  nail,  and  d  =  diameter  of  nail  in  inches. 

The  working  values  for  the  common  sizes  of  nails  in  accordance  with  this  formula  are  given 
in  Table  16. 

Table  16. — Safe  Working  Value  for  Lateral  Reslstance  of  One  Nail  in  Yellow  Pine 

OR  Douglas  Fir 

Size  of  nail 6d 8d lOd 12d 16d 20d 30d 40d 50d 60d 80d 

Strength  in  pounds 53 62 88 88 110 165 194 226.  .  .  .  268.  .  .  .322.  .  .  .364 

All  tests  made  on  nailed  joints  indicate  that  the  strength  of  the  joint  is  approximately  the 
same  whether  the  nail  be  driven  so  that  the  compression  on  the  timber  is  against  or  across  the 
grain.  The  resistance  of  the  joint  is,  however,  decreased  from  25  to  33M%  if  the  nails 
are  driven  parallel  to  the  fibers  of  the  timber — for  e.xample,  driving  the  nails  into  the  ends  of  a 
stick  of  timber.  A  joint  in  which  this  condition  exists  is  a  header  joint,  frequently'  used  in  light 
joist  construction. 

When  one  piece  of  timber  is  spiked  to  another, 
the  penetration  of  the  nail  into  the  second  timber 
should  not  be  less  than  one-half  the  length  of  the 
nail,  and  should  preferably  be  in  excess  of  this. 

The  slip  of  a  nailed  joint  occurs  at  a  compara- 
tively small  load,  as  may  be  seen  from  an  inspec- 
tion of  the  curve  of  Fig.  112,  which  is  plotted  from 
the  published  results  of  tests  made  by  the  Portland 
Bureau  of  Buildings. 

The  elastic  limit  of  a  nail  in  lateral  resistance 
in  air-dry  long  leaf  yellow  pine  occurs  at  a  value 
of  approximately  C  =  7000  in  the  formula,  p  = 
Cd^,  and  at  an  average  shp  of  0.028  in.,  as  found  by  Wilson  in  the  tests  of  the  Forest  Service 
(see  reference  in  footnote,  p.  232).  The  Portland  tests  show  higher  values  for  both  elastic 
limit  and  slip  at  elastic  limit. 

112.  Lateral  Resistance  of  Wood  Screws. — The  lateral  resistance  of  common  wood  screws 
was  investigated  as  thesis  work  by  Kolbirk  and  Bimbaum  at  Cornell  University,  ^  using  timbers 
Df  cypress,  yellow  pine  and  red  oak.  From  the  results  of  these  tests,  the  following  formula  for 
the  safe- lateral  resistance  may  be  used  for  yellow  pine  and  Douglas  fir: 

p  =  4375^2 

Table  17  gives  the  safe  working  values  in  terms  of  gage  numbers.  In  giving  these  values 
uhe  assumption  is  made  that  the  screw  is  imbedded  in  the  second  or  main  piece  of  timber  ap- 
Droximately  ^fo  the  length  of  the  screw. 

Table  17. — Safe  Lateral  Resistance  of  Common  Wood  Screws  with  Yellow  Pine  and 

Douglas  Fir 


QtO  030  040 

Slip  In  inches 

Fig.  112. — Typical  load-slip  curve  of  nailed  joint, 
Bureau  of  Buildings,  City  of  Portland. 


Gage  of  screw 


10 
12 
14 
16 
18 
20 
22 
24 
26 


Diameter 

(inches) 

0 

.137 

0 

163 

0 

189 

0 

216 

0 

242 

0 

268 

0 

295 

0 

321 

0 

347 

0 

374 

0 

400 

Safe  lateral  resistance 
(pounds) 


82 
116 
156 
204 
256 
314 
381 
451 
527 
512 
700 


1  Abstract  of  results  published  in  Cornell  Civil  Engineer,  vol.  22,  No.  2,  Nov.,  1913. 
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113.  Lateral  Resistance  of  Lag  Screws. — Two  typical  cases  of  joints  may  be  made:  (1) 
boards  or  planks  screwed  to  a  timber  block,  and  (2)  a  metal  plate  screwed  to  a  block  of  timber. 
The  writer  made  a  series  of  tests  on  both  types  of  joint. ^  From  the  results  of  these  tests,  and 
also  from  a  theoretical  consideration  of  the  probable  distribution  of  pressures  of  lag  screw 
against  timber  and  resultant  bending  moments  in  the  lag  screw,  the  following  values  for  lag 
screws  in  lateral  shear  and  bending  are  recommended : 

Safe  Lateral  Resistance  of  One  Lag  Screw 

Metal  plate  lagged  to  timber Ji  X  4H-in.  lag  screw 1030  lb. 

K  X  5     -in.  lag  screw 1200  lb. 

Timber  planking  lagged  to  timber J4  X  43-^-111.  lag  screw 900  lb. 

%  X  5     -in.  lag  screw 1050  lb. 

114.  Lateral  Resistance  of  Bolts. —  In  a  typical  detail  of  wooden  joint,  such  as  is  illustrated 
in  Fig.  113,  a  number  of  assumptions  may  be  made  as  to  the  distribution  of  the  bearing  pressure 
of  the  bolt  against  the  timber.  Since  as  many  different  bending  moments  will  obtain  as  as- 
sumptions of  distribution  of  pressure  are  made,  the  resultant  computed  resistance  of  bolt  to 
resist  relative  moment  of  the  timbers  will  vary  accordingly.  Two  assumptions  will  be  consid- 
ered here:  (1)  a  uniform  distribution  of  bearing 
pressures,  and  (2)  triangular  distribution  oi 
bearing  pressures. 

(1)  Uniform  Distribution  of  Bearing  Pres- 
sures.— With  this  assumption,  the  bending  mo- 
ment in  the  bolt  will  be 


jf^ 


^ 


'a 


-P 


2 

Fig.   113. — Typical  bolted  joint — bolts  in 
shear." 


'double 


M  =  MP(<72  -f  <"/4) 


where  t'  —  thickness  of  splice  pad,  and  t"  =  thickness  of  main  timber.  Under  this  assumption, 
the  greater  the  thickness"  of  side  pieces  t'  (see  Fig.  113),  the  larger  diameter  of  bolt  required. 
Table  18  gives  the  resisting  moments  of  one  bolt  in  flexure  at  various  fiber  stresses,  varying 
from  12,000  to  24,000  lb.  per  sq.  in. 

The  working  values  of  bolts  for  typical  timber  joints,  as  found  by  this  method  are  very  low. 

especially  for  joints  with  thick  splice  pads.  Hundreds  of  such  joints  are  giving  service  in  which 
the  bolts  are  working  at  more  than  the  ultimate  stresses  as  computed  by  this  method. 

Bolts  are  usually  driven  with  a  tight  fit  in  the  holes  and  when  such  a  condition  exists,  the 
pressure  of  the  bolt  on  the  timber  is  not  uniform  along  the  length  of  bolt,  as  has  been  determined 
by  tests,  and  therefore  the  preceding  value  of  bending  moment  on  the  bolt  is  incorrect. 

Table  18. — Resisting  Moments  of  Bolts 


Fiber  stresses  (pounds  per  square  inch) 

Size  of 
bolt 

Section 
modulus 

12,000 

16,000 

20,000 

22,500 

24,000 

H 

0  .0239 

285 

380 

480 

540 

575 

i 

n 

0.0414 

495 

660 

830 

930 

995 

u 

0.0656 

785 

1,050 

1,310 

1,475 

1,575 

1 

0.0982 

1180 

1,570 

1,960 

2,205 

2,360 

i« 

0.140 

1680 

2,240 

2,800 

3,150 

3,360 

1>4 

0.191 

2290 

3,055 

3,820 

4,300 

4,585 

i 

m 

0.255 

3060 

4,080 

5,100 

5,735 

6,120 

IM 

0.331 

3970 

5,295 

6,620 

7,445 

7,945 

\H 

0.421 

5050 

6,735 

8,420 

9,470 

10,105 

m 

0.525 

6300 

8,400 

10,500 

11,810 

12,600 

: 

m 

0.646 

7750 

10,335 

12,920 

14,535 

15.505 

2 

0.785 

9420 

12,560 

15.700 

17,660 

18,840 

'  Eng.  News.  vol.  76,  No.  3,  July  20;  No.  4,  July  27,  and  No.  17,  Oct.  26,  1916. 


Sec.  2-114] 


STRUCTURAL  MEMBERS  AND  CONNECTIONS 


241 


The  following  method  is  proposed  as  offering  a  satisfactory  method  of  computing  the 
strength  of  such  bolt  joints: 

(2)  Triangular  Distribution  of  Bearing  Pressure  on  Bolts. — The  assumptions  of  this  article 
aro  illustrated  in  Fig.  114  and  are  the  result  of  a  study  of  a  series  of  tests  of  bolted  joints  made 
by  tiie  writer.'  The  theory  of  bearing  pressures  may  be  stated  thus:  It  is  assumed  that  the  dis- 
tribution of  load  on  the  bolt  is  triangular  in  shape;  that  the  unit  pressure  (pounds  per  linear 
inch  of  bolt)  is  a  maximum  at  the  contact  faces  of  the  timbers,  in  amount  equal  to  the  strength 
3f  the  timber  in  bearing,  ^  and  of  approximately  the  distribution  for  the  typical  case,  as  shown 
in  Fig.  114.  It  is  also  assumed  that  in  the  joint  of  Fig.  114,  there  is  a  definite  minimum  length 
m,"  such  that  the  moment  resulting  from  the  load  on  this  length  of  bolt  will  just  equal  the 
fiexural  strength  of  the  bolt.  Further,  it  is  assumed  that  in  joints  where  the  thickness  of  side 
timber  is  less  than  the  limiting  value  "to"  the  pressure  distribution  diagram,  while  maintaining 
Lhe  general  triangular  shape,  is  modified  in  respect  to  the  relative  dimensions  "a"  and  "h" 
[Fig.  114)  -within  the  limits  a  =  o  and  a  =  t'/S,  and  that  the  ratio  a/t'  remains  such  that  the 
esulting  bending  moment  in  the  bolt  bears  the  same  relation  to  the  fiexural  strength  of  the 
)olt  as  the  maximum  intensity  of  pressure  on  the  timber  bears  to  the  unit  strength  of  the  tim- 
ber in  compression.  The  above  theory  assumes  that  the  ratio  of  thickness  of  timber  to  diam- 
ter  of  bolts  is  comparatively  large.     As  the  ratio  of  diameter  of  bolt  to  thickness  of  splice 


?     I 

VAJyV 


y^yA/K 


^^X\/^ 


^■^.■- 


Fig.   114. 


Fig.   115. 


K|A] 


Fig.  116. 


;J 


>ad  increases,  the  pressure  distribution  diagram  on  the  length  of  bolt  within  the  splice  pad  is 
issumed  to  change  from  a  triangular  shape  (Fig.  114)  through  a  trapezoidal  shape  (Fig.  115) 
mtil  the  limiting  case  is  reached,  with  a  short  thick  bolt  of  uniform  distribution  of  pressure 
dong  the  length  of  bolt  (Fig.  116). 

For  the  case  illustrated  in  Fig.  114  there  are  two  equal  maximum  bending  moments  in  the 
)olt,  occurring  at  points  of  zero  shear.  With  the  assumption  that  beyond  a  minimum  value  of 
'  or  width  of  splice  pad,  the  strength  of  joint  is  independent  of  the  length  of  bolt,  the  length, 
or  which  the  strength  of  the  bolt  in  flexure  is  equal  to  the  safe  load  on  the  bolt  as  determined 
rom  the  compression  on  the  timber,  may  be  determined  by  equating  the  bending  moment  re- 
■ulting  from  such  load  to  the  resisting  moment  of  the  bolt. 


M   =  T^PiTO 


9 


Pi  = 


pmd 
IT 


(rhence 


,nd 


M 


1(1^  <"' =  ^c^'""') 


32 


-(I 


27\>i 

32pyl 


»  See  footnote,  p.  210. 
2  By  strength  is  meant  working  strength, 
IG 
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where  M  =  bending  moment  on  bolt  in  inch  pounds. 

p  =  maximum  allowable  unit  bearing  stress  of  bolt  against  timber. 

/  =  maximum  allowable  flexural  unit  stress  in  bolt. 

t'  =  thickness  of  splice  pad. 

d  =  diameter  of  bolt  in  inches. 

m  =  length  of  portion  of  bolt  on  which  pressure  exists. 
Using  the  same  notation,  when  m  is  less  than  t',  the  theory  assumes  that  the  ratio  of  tt 
dimensions  a  and  b  changes,  within  the  limits  a  =  o  and  a  =  t'/3,  to  the  end  that  the  greates 
strength  of  joint  is  obtained  with  the  provision  that  the  capacity  of  the  bolt  in  bending  and  th 
timber  in  compression  is  maintained  simultaneously.  For  these  cases  the  bending  momei 
may  be  expressed  by  the  general  formula  M  =  Ct"^,  and  the  total  load  on  the  joint  bj-  th 
general  formula  P  =  Kt'.  In  these  formulas,  M  =  moment  on  bolt  in  inch  pounds,  t'  =  widt 
of  splice  pad  in  inches,  and  C  and  K  are  factors  to  be  obtained  from  Diagram  1. 

Table  19  shows  the  relation  of  C  and  K  to  varying  ratios  of  a/t;  for  a  bolt  of  1-in.  diamete 
for  the  case  of  a  triangular  pressure  diagram. 


Ratio 
a/l' 
0 

H 


Table  19 
c 

433 
266 
163 
48 

Diagram  1. 

Slip  in  inches 
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Diagram  1  shows  the  above  variation  of  C  and  K  with  the  ratios  a/t',  for  a  1-in  bolt.  B; 
means  of  this  diagram,  the  safe  strength  of  a  bolt  in  double  shear  for  any  thickness  of  splice  pa< 
may  be  found.  The  diagram  is  based  on  the  values,  p  =  1300  lb.  per  sq.  in.  for  the  safe  pres 
sure  in  end  bearing  of  the  diametral  section  of  the  bolt  in  timber,  and  /  =  16,000  lb.  per  sq.  in 
for  bolts. 

Illustrative  Problem. — Given  a  joint  with  6-in.  center  timber,  and  two  3-in.  splice  pads,  bolted  with  '^^-it 
bolts.  What  is  the  safe  strength  of  one  bolt,  allowing  a  maximum  unit  compression  against  ends  of  fibers  of  timbe 
and  a  maximum  flexural  stress  of  16,000  lb.  per  sq.  in.  in  the  bolt? 

From  Table  18  the  safe  resisting  moment  of  a  J-i-'m.  bolt  at  16,000  lb.  per  sq.  in.  is  1050  in. -lb.     Since  DiagrMl 

1050 
1  is  for  a  bolt  of  1-in.  diameter,  the  equivalent  moment  for  entering  the  diagram  is  Q^fi^  =  1200  m.-lb. 
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From  the  equation  M  =  Ct'-,  C  = 


1200 


=   133.3. 


Entering  the  diagram,  a  vertical  line  through  the  point  on  the  dash  and  dot  "  C"  curve  for  the  value  C  =  133.3, 
intersects  the  full  line  "  A'"  curve  at  a  point  giving  K  =  810  lb.  Remembering  that  this  value  is  for  the  case  of  a 
1-in.  bolt,  the  safe  load  for  a  J-s-i'i-  bolt  is 


P  ='^  Kt'  =  (I)  (810)  (3)  =  2130  lb. 


For  the  cases  in  which  the  pressure  distribution  on  the  bolt  is  trapezoidal,  as  in  Fig.  115, 
Table  20  gives  the  values  of  C  and  K,  in  the  formulas  M  =  C{t'y  and  P  =  Kt',  respectively,  for 
various  ratios  of  ihe  minimum  unit  pressure  to  the  maximum  unit  pressures,  all  for  a  bolt  of 
1-in.  diameter. 

Table  20 
Ratio 
P'/P  C  K 

0  433  650 
H  650  812 
H  867  975 
H                                                                  1084                                                                1138 

1  1300  1300 


Diagram  2. 

Diagram  for  Finding  Safe  Loads  on  a  Bolted  Joint — Bolt  in  "  Double  Shear." 

1-IN.  Bolt. 


Diagram  Drawn  for 
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Diagram  2  gives  the  curves  of  these  formulas  for  the  trapezoidal  distribution  of  pressure 
for  a  bolt  1  in.  in  diameter.     These  curves  are  to  be  used  exactly  as  those  of  Diagram  1. 

Illustrative  Problem. — Given  a  joint  of  yellow  pine  timber  with  5>2-in.  center,  and  two  2>2-in.  spliced  pads, 
bolted  with  l^^-in.  bolts.     What  is  the  safe  strength  of  one  bolt  in  lateral  resistance? 

From  Table  18,  the  safe  resisting  moment  of  a  l>2-iu-  bolt  at  16,000  lb.  per  sq.  in.  is  5295  in. -lb.  To  enter 
Diagram  2,  which  is  drawn  for  a  1-in.  bolt,  the  value  of  5295  must  be  divided  by  1>2.     The  equivalent  moment  is 
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5295  X  ?^  =  3530.  From  the  equation  M  =  C(t')^,  C  =  g-gH  =  565.  From  Diagram  2  the  value  of  A'  in  the 
curve  P  =  Kt',  corresponding  to  C  =  565,  is  1500  lb.  This  value  is  for  a  1-in.  bolt.  Therefore,  the  safe  load  for  a 
l)-2-in.  bolt  is 

P  =   (1500)(.2}i){VA)  =  5625  1b. 

The  values  of  Table  21  have  been  worked  from  the  preceeding  theory  by  mean.s  of 
Diagrams  1  and  2. 

Table  21. — Value  of  One  Bolt  in  Double  Shear 


Thickness  side  timbers  (inches) 

2 

3 

4 

5 

6 

Bolt 

• 

Thickness  center  timbers  (inches) 

4 

6       1       8 

1 

10 

12 

H 

1060 

1295 

1465 

1465 

1465 

y^ 

1440 

1685 

1990 

2100 

2100 

u 

1925 

2135 

2475 

2845 

2850 

1 

2480 

2655 

3000 

3380 

3700 

IH 

3120 

3235 

3580 

4025 

4520 

m 

3915 

3940 

4240 

4680 

5170 

m 

4840 

4690 

4955 

5415 

5970 

iy2 

5890 

5570 

5790 

6245 

6700 

Fig.  117.— 
O.G.  cast- 
iron  washer. 


Maximum  fiber  stress  in  bolt  in  bending,  16,000  lb.  per  sq.  in. 
Maximum  intensity  of  bearing  pressure  on  wood,  1950  lb.  per  sq.  in.' 
Bearing  on  wood,  average  on  diametral  section  of  bolt,  1300  lb.  per  sq.  in. 
Bolts  in  Single  Shear. — The  safe  values  of  bolts  acting  in   "single  shear"   may  be  taken  at  one- 
half  the  values  of  Table  21. 
Bolts  Bearing  Across  the  Grain  of  Timber. — For  "double  shear"  joints  in  which  the  bolts  bear 
across  the  grain  of  the  timber,  the  safe  values  may  be  taken  at  five-eighths  the  values  of 
Table  21. 
Metal  Plates  Bolted  to  Timber. — The  values  of  Table  21  may  be  used  for  joints  in  which  steel  plates  are  bolted 
to  timber;  in  other  words,  a  steel  fish  plate  joint,  provided  that  the  values  of  this  table  do  not  exceed  the  safe 
loads  as  determined  by  bearing  of  the  plate  on  the  bolt,  or  shear  in  the  bolts. 

115.  Resistance  to  With- 
drawal of  Nails,  Spikes,  Screws, 
and  Drift  Bolts. — The  resistance 
of  nails,  spikes,  screws  and  drift 
bolts  to  withdrawal  from  timber 
is  a  function  of  the  surface  area 
of  contact  between  metal  and 
timber,  and  the  unit  resistance 
to  withdrawal.  Expressed 
algebraically, 

P  ^  AC 
in  whi«h 

P  =  total  pounds  required  to  move  the  spike,  screw 
A  =  surface  of  contact  between  metal  and  wood. 
C  =  unit  resistance  to  withdrawal. 

The  value  of  C  depends  upon  the  kind,  quality,  and  condition  of 
timber,  condition  of  surface  of  nail,  screw,  or  drift  bolt,  size  of  hole  in 
which  nail,  screw,  or  bolt  may  have  been  driven  or  screwed,  and  direc- 
tion of  fibers  of  timber  with  refei'ence  to  length  of  nail,  spike,  screw,  or 
For  practical  purposes,  C  is  a  quantity  determined  solely  by 
experiment.  Ultimate  values  for  C  for  wire  and  cut  nails,  boat  spikes, 
and  drift  bolts  are  given  in  Table  22.     These  values  are  taken  from  a  study  of  the  numerous 
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Fig.   118. — Cast-iron  ribbed  washers. 


or  drift  bolt. 


Fig.  119. — Malleable  iron   (Jj.if+  V)olt 
washer. 
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tests  that  have  been  made.     The  values  for  resistance  to  withdrawal  as  found  by  the  test, 

vary  so  widely  that,  for  safe  working  values,  a  safety  factor  of  four  should  be 

used. 

116.  Washers. — For  the  more  common  timbers  employed  in  building  con- 
struction,  the  resistance  to  crushing   across  the  grain   of  the  timber  is  much 
smaller   than  resistance    to  end   crushing.     For  this  reason  it  is  necessary  to 
use  washers  under  heads  and  nuts  of  bolts  in  timber  construction  to  prevent      esssa 
the   nuts  and   head   from   crushing   into  the  timber    when  the  o-^^",-  120.^ 

"^  ^  Circular  pres- 

nuts  are  tightened,  and  also  when  the  bolts  take  their  assumed  s  e  d     steel 

,  washer. 

stresses. 

There  are  five  types  of  washers  used  in  timber  construction:  (1)  cast-iron 
O.G.  washers,  (2)  cast-iron  ribbed  washers,  (3)  malleable  iron  washers,  (4) 
circular  pressed  steel  washers,  and  (5)  square  plate  washers. 


^eel  pkte  waXT/  TaBLE      22. ULTIMATE     ReSISTANCC    TO     WITHDRAWAL     OP    WiRE     AND     CuT 

Nails,  Wood  Screws,  Lag  Screws,  Boat  Spikes  and  Drift  Bolts 

(All  Quantities  Expressed  in  Pounds  per  Square  Inch  of  Contact  Between  Metal  and  Timber) 

1 

Yellow 
pine 

Douglas 
fir 

White 
pine 

.  White 
oak 

Redwood 

500 
300 
300 
250 
1500 
800 
500 
370 
400 
200 

500 
300 
300 
250 
1500 
800 
500 
370 
400 
200 

300 
275 
170 
100 
900 
500 
270 
200 
240 
120 

1200 

1000 

900 

800 

2200 

1200 

1000 

750 

GOO 

300 

300 
150 
300 
200 
900 

Cut  nails^ 

Wood  screws 

Lag  screws 

Boat  spikes* 

Drift  bolts^ 

Drift  bolts^ 

1  Driven  perpendicular  to  grain  of  timber. 

2  Driven  parallel  to  grain  of  timber. 
'  Edge  of  point  parallel  to  grain  of  timber. 
*  Edge  of  point  across  grain  of  timber. 
^  Driven  in  holes  He  to  ^^  in.  less  in  diameter  than  drift  bolt. 

For  cases  in  which  the  axis  of  bolt  is  inclined  to  the  bearing  surface  of  the  timber,  bevelled  cast- 
iron  washers  may  be  employed  (see  Fig.  122  and  Table  28).     The  five  types  of  washers  men- 
tioned are  illustrated  in  Figs.  117  to  121  inclusive  and  Tables  23 
to  27  inclusive  give  detailed  dimensions. 

In  the  case  of  bolts  acting  wholly  in  tension  there  can  be  no 
question  of  the  necessity  of  washers.  Washers  should  be  properly 
designed,  both  for  strength  and  stiffness,  and  of  proper  size  to 
limit  the  bearing  pressure  on  the  timber  to  the  safe  working  value. 
For  Douglas  fir  or  yellow  pine  either  the  square  plate  washers, 
ribbed  cast-iron,  or  cast-iron  O.G.  washers  of  equivalent  area 
should  be  used.  Attention  is  called  to  the  fact  that  in  the 
malleable  washer,  the  full  area  of  the  base  of  washer  is  not  available 
for  bearing.     For  example,  the   ^-in,  malleable  washer  has  an 


^e 


S, 


T 


>ey- 


K<r> 


<I9 


Fig. 


122.— Bevelled 
washer. 


actual  bearing  area  of  about  4  sq.  in.,  or  an  actual  efficiency  of 
approximately  60%  of  its  nominal  area.  Even  the  cast-iron  O.G. 
washers  of  Table  23  stress  the  timber  to  approximately  750  lb.  per 
sq.  in.,  for  a  unit  stress  of  16,000  lb.  per  sq.  in.  in  the  rod. 

When  the  bolt  acts  wholly  in  shear  and  bending,  smaller  washers,  such  as  the  malleable 
washers,  are  permissible,  though  not  necessarily  advisable.  In  such  instances  it  is  often  practi- 
cally certain  that  the  timber  will  shrink,  and  that  the  washers  will  never  be  tightened,  and  for 
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this  reason  the  use  of  malleable  washers  may  be  justified,  in  order  to  save  expense.  On  the 
other  hand,  when  there  is  a  chance  that  some  maintenance  work  may  be  counted  upon  in  the 
shape  of  washer  tightening,  good  construction  will  prescribe  either  a  special  cast-iron  washer 
or  a  square  plate  washer,  sufficient  in  size  to  meet  the  capacity  of  the  bolt  in  tension. 

In  order  to  avoid  special  washers,  malleable  washers  of  larger  size  than  the  nominal  size  for 
the  bolt  used  are  sometimes  specified.  Such  a  procedure  is  unwise  for  two  reasons:  (1)  the 
holes  in  the  larger  washer  are  of  such  diameter  with  respect  to  the  diameter  of  the  head  and  nut 
of  the  bolt,  that  a  poor  bearing  between  head  or  nut  and  washer  results;  and  (2)  the  carpenter 
will  invariably  put  stock  sizes  of  washers  and  bolts  together  if  there  is  a  chance  to  do  so. 

The  circular  cut  or  pressed  steel  washer  should  never  be  used  in  timber  construction,  except 
between  metal  and  metal. 

The  selection  of  a  washer  as  between  a  special  size  O.G.,  ribbed  cast-iron,  or  a  square  steel 
plate  washer,  will  depend  on  the  relative  prices  of  cast  iron  and  steel,  availability  of  foundry  and 
steel  shops,  and  size  of  jobs.  When  large  size  washers  are  required  and  the  job  is  a  small  one, 
the  square  plate  washer  will  usually  be  found  cheapest. 

No  square  plate  washer  should  have  a  thickness  less  than  one-half  the  diameter  of  bolt. 
A  good  rule  is  to  add  ^ie  in.  to  the  thickness  thus  found. 

When  the  center  line  of  bolt  or  rod  is  not  normal  to  the  bearing  face  of  the  timber,  the 
timber  must  be  notched,  or  a  bevelled  washer  used.     If  the  section  of  timber  is  ample,  a  notch 


Table  23.— 

■Washers — O.G.  Cast-iron 

Size  of  bolt  (inches) 

Weight   per    lOO 

lb. 

Diameter  (inches) 

Thickness    (inches) 

Area  (square  inches) 

y2 

35 

2>i 

H 

3.78 

H 

75 

3 

H 

6.76 

n 

100 

3>i 

H 

7.86 

Vs 

145 

33>2 

^H6 

9.02 

1 

185 
285 

4 

4>2' 

11.79 
14  91 

m 

m 

375 

5 

m 

18.41 

m 

600 

6 

1>2 

26.50 

Table  24. — Washers — Cast-Iron  Ribbed 

(See  Fig.  118) 


Size  bolt 

Size  upset 

a 

b 

c 

d 

h 

t 

base 

ribs 

Weight 

H 

Not  upset 

?i 

iHe 

A 

3H 

H 

A 

C 

6 

0.56 

H 

Not  upset 

A 

m 

He 

4 

1 

A 

C 

6 

1.10 

Vs 

Not  upset 

1 

2}i 

Ke 

4.A 

\A 

A 

C 

6 

ISO 

H 

1 

IH 

2A 

yi 

5>i 

m 

A 

C 

6 

2  79 

^Ht 

Us 

m 

2H 

Vi 

5ys 

iHe 

A 

C 

6 

3.29 

14 

m 

m 

3 

He 

GH 

VAe 

He 

C 

7 

5  30 

1 

m 

m 

m 

He 

7 

iHe 

He 

C 

4 

6.34 

m 

IM 

IH 

3H 

H 

7H 

VHe 

A 

C 

7 

9  04 

m 

I 'A 

IH 

i% 

H 

8H 

VHe 

A 

C 

7 

11.30 

IH 

IH 

VA 

4 

ys 

9>s 

2>i 

A 

C 

7 

13  59 

iKo 

VA 

2 

4?g 

He 

10 

2A 

He 

C 

8 

18.66 

m 

2 

2>8' 

^% 

He 

10?^ 

2He 

He 

c 

.8 

20.39 

m 

2H 

2>i 

4?i 

A 

ll>i 

2A 

A 

c 

8 

25.99 

m 

2>i 

2^8 

5« 

A 

12,^ 

2H 

A 

c 

8 

30  62 

m 

2Vs 

2A 

5>l 

A 

11 M 

■iA 

A 

Sq. 

8 

48.23 

2 

2H 

2H 

5Va. 

?i 

12 

5' 8 

A 

Sq. 

S 

09  32 
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is  the  cheapest  detail.  The  pressure  of  the  washer  against  the  timber  is  then  incHned  to  the 
direction  of  fibers,  and,  consequently,  a  higher  unit  bearing  pressure  may  be  used,  in  accordance 
with  the  formula  and  values  of  Art.  118. 

For  the  larger  size  of  bolts  and  rods,  notching  the  timber  sufficiently  to  provide  the  required 
area  for  bearing  may  cut  the  stick  beyond  the  safe  limit.  In  such  a  case,  either  a  combination 
of  a  flat  washer  \vith  a  smaller  cast-iron  bevelled  washer  may  be  used,  or  a  special  cast-iron 
bevelled  washer  may  be  designed.  The  latter  solution  is  much  the  better  of  the  two.  If  this 
washer  be  made  square  or  rectangular,  the  component  of  the  stress  in  the  rod  parallel  to  the  face 
of  the  timber  may  be  taken  care  of  by  setting  the  washer  into  the  timber.  In  the  former  case, 
this  component  will  produce  bending  in  the  rod  or  bolt. 


Table  25. — Washers — Malleable  Iron 


Size  of  bolt  (inches) 

Weight  per  100  washers 

Diameter  (inches) 

Thickness  (inches) 

H 

15 

2>^ 

>i 

H 

22 

2H 

Me 

H 

33 

3 

I'ie 

U 

50 

3H 

Ks 

1 

68 

4 

y2 

1>8 

87 

4H 

y^ 

m 

150 

5 

H 

m 

190 

6 

H 

2 

420 

7>2 

Vx 

Table  26. — Washers — Wrought-iron 


Size  of  bolt  Cinches) 

No.  in  100  1b. 

Diameter 
(Inches) 

Size  of  hole 
(inches) 

Gage 

Thickness 
(inches) 

He 

39,400 

?£6 

H 

18 

0.05 

J-i 

15,600 

H 

He 

16 

0.063 

He 

11,250 

Js 

H 

16 

0.063 

H 

6,800 

1 

He 

14 

0.078 

He 

4,300 

U.i 

>i 

14 

0.078 

yi 

2,600 

m 

H^ 

12 

0.125 

He 

2,250 

m 

H 

12 

0.125 

% 

1,300 

m 

^Ha 

10 

0.125 

H 

970 

2 

1^6 

9 

0.156 

Vs 

828 

2>i 

^He 

8 

0.172 

1 

600 

2*A 

IHe 

8 

0.172 

m 

500 

2?4 

IH 

8 

0.172 

m 

384 

3 

m 

8 

0.172 

IH 

288 

3K 

m 

7 

0.189 

IH 

267 

3« 

\% 

7 

0.189 

m 

230 

3M 

m 

7 

0.189 

IH 

206 

4 

VA 

7 

0.189 

m 

182 

4J-i 

2 

7 

0.189 

2 

168 

4M 

2ys 

7 

0   189 

2H 

122 

4« 

2% 

5 

0.219 

2H 

106 

5 

2H 

4 

0.234 
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Table  27.— Washers — Square  Steel  Plate 

Unit  Boarins  Pressure — 350  lb.  per  sq.  in. 
Unit  Tension  in  Bolt  or  Rod — 16,000  lb.  per  sq.  in. 


[Sec.  2-117 


Diameter  of  bolt  or  rod 


Diameter  of  upset 


Side  of  square  washer   i     Thickness  of  washer 


Vs 
1 

1>2 


Not  upset 

Not  upset 

Not  upset 

1  in. 

1>^ 

IH 


3M 

4 

4>$ 

4Ji 

5 

7 
7« 

9>i 


He 

H 

''A 

"■Hi 
1K( 


Table  28. — Washers — Cast-iron  Beveled 


Size  rod 


1 

m 


1 

m 


3>^ 
4M 

4?4 

5,U 
6}i 


2 

2>i 
2H 
2?i 


4 

43-^ 
5>.i 
6 

6'-2 


1 


117.  Resistance  of  Timber  to  Pressure  from  a  Cylindrical  Metal  Pin. — When  a  pin 
"Bolt,  etc.  of  circular  cross-section  bears  against  the  ends  of  the  fibers,  the  load  on  the  pin  i 
resisted  by  pressure  of  the  timber  against  the  metal,  and  such  differential  pressures  are  ahvay 
normal  to  the  surface  of  the  pin.  The  differential  pressures  may  be  supposed  to  be  replaced,  fo 
practical  purposes,  by  two  resultant  reactions,  one  parallel  and  the  other  perpendicular  to  th« 
line  of  action  of  the  applied  force.  The  second  of  these  resultant  reactions  tends  to  split  thi 
timber,  since  it  produces  tension  across  the  fibers  of  the  timber.  Consequently,  for  the  case  h 
hand,  the  usual  permissible  unit  bearing  pressure  against  the  ends  of  the  fibers  must  be  reduced 
Also  the  particular  detail  must  be  investigated  to  make  sure  that  the  tension  across  the  fiber 
due  to  the  cross  pressure  is  within  the  safe  unit  stress  for  the  timber  in  question. 

Tests  and  theoretical  considerations  indicate  that  for  a  round  pin  or  bolt  bearing  against  th( 
ends  of  timber,  the  safe  average  unit  bearing  pressure  to  be  applied  to  the  diametral  plane  of  tht 
pin  may  be  taken  at  H  the  usual  allowable  compression  against  the  ends  of  timber.  The  resul- 
tant secondary  pressure  across  the  fibers  maybe  taken  at  yio  the  applied  load.  When  the  direc- 
tion of  the  applied  load  is  perpendicular  to  the  direction  of  the  fibers,  the  safe  average  diametra 
pressure  may  be  taken  at  ^{o  of  the  permissible  unit  compression  across  the  fibers. 

For  the  case  of  pins  and  bolts  in  tight  fitting  holes  in  dense  Southern  pine  and  Douglas 
fir,  the  values  of  1300  lb.  per  sq.  in.  for  end  bearing  and  800  lb.  per  sq.  in.  in  cross  bearing  maj 
be  used. 


Illustrative  Problem. — What  is  the  safe  load  on  a  IJ-i-in.  bolt,  bearing  against  the  ends  of  the  fibers  of  a  6  X  T 
6-in.  block  of  Douglas  fir,  and  what  is  the  force  tending  to  split  the  block  of  timber? 

The  safe  load  is  lJ-4  X  6  X  1300  =  1950  in. -lb.     The  force  tending  to  split  the  timber  is  1950  X  0.1  =   1951b 

118.  Compression  on  Surfaces  Inclined  to  the  Direction  of  Fibers. — The  allowable  in 
tensity  of  pressure  on  timber,  when  the  direction  of  pressure  is  neither  parallel  nor  perpendicular 
to  the  direction  of  fibers,  was  investigated  by  Prof.  M.  A.  Howe  on  specimens  of  yellow  pine, 
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white  pino,  cypress,  wliite  oak,  and  redwood.'     On  the  liasis  of  these  tests.  Prof.  Howe  recom- 
[nends  the  fornuda: 

r  =  q  +  {p  -  q){e/90T 
where 

r  =  allowable  normal  unit  stress  on  inclined  surface. 

p  =  allowable  unit  stress  against  ends  of  fibers. 

q  =  allowable  unit  stress  normal  to  direction  of  fibers. 

Using  the  same  notation,  Prof.  Jacoby  in  "Structural  Details"  develops  the  formula: 

r  =  p  sin^  0  +  q  cos^  9. 

Mr.  Russell  Simpson  of  the  University  of  California,  has  recently  made  a  series  of  tests, 
IS  thesis  work,  on  the  bearing  values  for  inclined  surfaces  of  Douglas  fir  and  California  white 
aine.  He  finds  that  Jacoby's  formula  gives  results  closely  approximating  the  test  values  at 
■/he  elastic  limit,  while  Howe's  formula  holds  for  a  constant  indentation  of  0.03  in.  Diagram 
}  gives  the  curves  of  the  formulas  of  Howe  and  Jacoby  for  values  of  p  =  1800  lb.  per  sq.  in., 
=  350  lb.  per  sq.  in.;  and  p  =  1600  lb.  per  sq.  in.,  q  =  300  lb.  per  sq.  in. 

Working  values  for  actual  design  of  timber  joints  involving  bearing  on  surfaces  inclined 
:o  the  direction  of  fibers  should  be  based  on  the  elastic  limit.  The  full  line  curves  of  Jacoby's 
brmula  are  therefore  recommended  for  design. 

Diagram  3. 

Diagram   for  Safe   Bearing   Pressure   on  Timber   Surfaces  Inclined  to  Direction 

OF  Fiber. 
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BroKen  line  curves  -  Formula:    r  =  c)  ♦  (p-c^)  (  ^.) 

119.  Tension  Splices. — The  tension  splice  in  timber  building  construction  occurs  usually  in 
ihe  lower  chord  of  a  roof  truss.  This  detail  is  probably  the  most  troublesome  to  design  and 
rame  efficiently  of  all  timber  joints.  A  detail  that  is  efficient  on  paper  is  often  very  unsatis- 
actory  when  viewed  in  the  field.  Any  detail  that  depends  for  its  action  on  the  simultaneous 
)earing  of  more  than  two  contact  faces  is  to  be  avoided  if  possible,  although  it  is  often  impracti- 
lable  to  so  limit  the  design.  Again,  that  detail  which  is  so  designed  that  the  bearing  faces  of 
plicing  members  and  the  bearing  faces  of  the  spliced  or  main  timbers  may  be  pulled  together  in 
he  field  after  the  joint  is  framed,  has  a  very  decided  advantage  over  any  other  type  of  tension 
plice.  The  ideal  splice,  just  described,  will  be  found  to  give  a  low  efficiency  when  measured  in 
lerms  of  effective  area  of  main  timbers  for  resisting  tension.  However,  in  many  cases,  such  in- 
ifficiency  may  well  be  allowed,  in  order  to  secure  certain  definite  action  of  splice  joint.  Impor- 
ance  of  the  connection,  cost  of  materials,  quality  of  workmanship  to  be  anticipated,  possibility 
>f  only  occasional  or  no  inspection  after  completion,  are  all  factors  that  should  be  carefully 
lonsidered  before  deciding  upon  the  particular  type  of  tension  splice  to  be  adopted. 

1  Eng.   News,   vol.   68,    No.    5.    and  vol.   68,    No.    10. 
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The  following  types  of  tension  splices  will  be  considered  and  a  detail  joint  of  each  type  de- 
veloped for  a  typical  example: 

(1)  Bolted  wooden  fish  plate  splice,  (2)  Modified  wooden  fish  plate  splice,  (3)  Bolted  steel  fish  plati 
splice,  (4)  Tabled  fish  plate  splice,  (5)  Steel  tabled  fish  plate  splice,  (6)  Tenon  bar  splice,  and  (7)  Shear  pii 
splice. 

It  will  be  assumed  that  a  6  X  8-in.  Douglas  fir  stick  must  be  spliced  to  safely  stand  a  tota 
stress  of  40,000  lb.  Specifications  of  steel  structures  often  call  for  the  detail  of  splice  to  be  o 
sufficient  strength  to  develop  the  strength  of  the  members.  The  same  specification  may  b< 
applied  to  the  timber  joint,  although  it  is  customary  to  design  the  splice  for  the  computed  stress 
in  the  member. 

— j_______l_l For  the  case  under  discussion  the  safe  working 

\^  -S^gfeg^sU'gv  S^  0         ^      g^ress  in  the  timber  for  tension  will  be  taken  at  1500  lb 

x^i .  ^^o  o  ly '  T":  ly  ly  y^^    — ^  .        m,  •    i      ,  c     ,      •      • 

rr.  I  a  ^v-^j  1^-^  i^-^i ;»-^  ,—,,—,  ^ —         pgj.  gq    ^^       rpj^g  required  net  area  for  tension  i; 

40,000 


^^fv/^  Q  e 


therefore 


1500 


=  26.7  sq.  in. 


119a.  Bolted   Fish  Plate  Splice.— Th 
bolted   fish   plate   splice  is  shown  in  Fig.  123.     Th< 
size  of  bolts  will  be  computed  in  accordance  with  thi 
&9/xKie^€i''4^4^-      ~^  formula 

Fig.  123. — Bolted  wooden  fish  plate  splice.  M   =  yoPit' /2  +  <"/4) 

where  P  is  the  total  load  on  one  bolt;  t'  is  the  thickness  of  splice  pad,  or  fish  plate;  and  t"i 
the  thickness  of  main  timber  (see  Art.  114).  This  formula  assumes  the  load  on  each  bolt  tob 
uniformly  distributed  along  its  length. 

Assume  1  J^-in.  bolts,  and  splice  plates  3  X  8  in 
then  be  8  -  (2)  (l^i)  =  4>^  in 


With  bolts  spaced  in  pairs,  the  net  width  of  splice  pkte  wi 
26.7 
The  required  thickness  of  one  plate  is  then  — jr—  =  2.97,  showing  that  a  3-ii 


thickness  is  sufficient.  Assume  6  bolts  required.  The  load  on  one  bolt  is  then  40,000/6  =  6667  lb.  The  bendin 
moment  on  one  bolt  is  (6667/2)  O^  X  3  +  >i  X  6)  =  10,000  in.-lb.  With  a  flexural  stress  of  24,000  lb.  per  sq.  in 
the  required  section  modulus  of  one  bolt  =  10,000/24,000  =  0.416  in.,  and  the  required  diameter  of  bolt  = 
■^0.416/0.098  =  -s/IM  =  1.62  in. 


The  unit  bearing  pressure  on  the  diametral  section  of  bolt  = 


6667 


685  lb.  per  sq.  in.,  which  is  aboi 


(1.625)  (6) 

one-half  the  amount  allowed.  The  minimum  distance  between  bolts  must  next  be  computed.  This  distance  wi 
be  taken  as  the  sum  of  (a)  computed  distance  necessary  for  shearing  along  the  grain  of  the  timber,  (6)  compute 
distance  giving  required  area  for  transverse  tension,  and  (c)  diameter  of  bolt. 

Total  shearing  area  required =    ,  ^^    =   44.44  sq.  in. 


150 
44.44  _ 

12     ~    ■■• 
(6667)  (0.1) 


3.7    in 


150 


=  4.44  sq.  in. 


4.44 
6 


0.74  in 


or  distance  (a) 

Area  required  for  transverse  tension 

or  distance  (6) 

Diameter  of  bolt  (c) 1.63  in. 

Minimum  spacing  of  bolts 6.07  ir 

The  spacing  of  bolts  will  be  made  6>^  in. 

1196.  Modified  "Wooden  Fish  Plate  Splice. — In  the  modified  wooden  fish  plat 
splice,  the  size  of  bolts  will  be  reduced  to  1  in.,  and  the  value  of  each  bolt  taken  at  2655  lb. 
in  accordance  with  the  values  of  Table  21,  p.  244. 

^,  ,        ,  L  ,  •     ,  •    40,000 

The  number  of  bolts  required   is    „„,,-  =  15. 


2655 


14  1-in.  bolts  will  be  used,  giving  a  load  of  2857  lb.  per  bolt. 
Spacing  of  bolts: 

(a)  Distance  required  for  shear 


2857       ^ 
(150)  (12) 

(6)   Distance  required  for  transverse  tension  = 
(c)   Distance  of  bolt 


(2857)  (0.1) 
(150)  (6) 


1.58  in. 

0.32  in. 
1.00  in. 
2.90  in. 


Spacing  of  bolts  will  be  made  3  in.     The  detail  is  shown  in  Fig.  124. 
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119r.  Bolted  Steel  Fish  Plate  Splice. — Fig.  125  shows  a  bolted  steel  fish  plate 
splice.  The  bending  in  the  bolts  is  redacted  from  that  in  the  first  type,  due  to  the  smaller 
lever  arm.  The  section  of  steel  plate  must  bo  sufficient  for  tension,  and  for  bearing  on  the  bolts. 
Otherwise,  the  computations  are  similar  to  those  of  the  bolted  fish  plate  splice. 


Net  section  of  steel  plate  = 


40,000 


2.67  sq.  in. 
Then  net  width 


15,000 

Assume   two   IJ-^-in.    bolts  in   pairs. 

2  67 

0.28  in.,  requiring  a  ^I'e-in.  plate.     Assume  six  bolts.     As  before,  each  bolt  must  take  6667  lb.     The 


(2)(1H6)  =  4.875  in.,   and   required  thickness   is 


(2)  (4.875) 

minimum  diameter  of  bolt  required  with  a  %6-in.  plate  at  15,000  lb.  per  sq.  in.  in  bearing  is  ^i  in.     Assuming  a 


*^  (5V  (fV  6">r'  6">r'  g>rt  6'*^i^ 


Fia.    124 — Modified  wooden  fish  plate  splice. 


Fig.   125. — Bolted  steel  fish  plate  splice. 


uniform  distribution  of  pressure  along  the  length  of  bolt,  the  bending  on  bolt  =  ( — g^)  (^^  X  Ms  +  /-i  X  6)  = 
5520  in. -lb.     At  24,000  lb.  per  sq.  in.,  the  required  diameter  of  bolt  from  Table  18  is  seen  to  be  IJ^  in. 

The  unit  pressure  of  the  bolt  on  the  ends  of  tlie  fibers  is  ,.  oygN.-Ai  =  810  lb.  per  sq.  in.  The  spacing  of  bolts 
may  be  figured  as  before,  and  will  be  less  than  that  computed  in  the  detail  of  the  bolted  fish  plate  splice  by  the 
difference  in  diameter  of  the  bolts.     The  spacing  will  be  made  6  in. 

119d.  Tabled  Wooden  Fish  Plate  Splice. — The  detail  of  a  tabled  wooden  fish 
plate  splice  is  shown  in  Fig.  126.  The  points  to  be  investigated  in  this  detail  are:  (1)  net 
section  of  main  timber  and  splice  pad;  (2)  bearing  between  splice  pad  and  main  timber;  (3) 
length  of  table  of  fish  plate  for  shear;  (4)  tension  in  bolts;  and  (5)  possibility  of  bending  on 
splice  pads  if  bolts  become  loose  because  of  shrinkage  of  timbers. 

Net  section  of  main  timber  required,  as 
before,  26.7  sq.  in. 

Net   section   of   fish    plate    required,    as 
,    ,  40,000  ,„  . 

^«*°^^'  (2)0500)  =  ^3  ^^'l-  ^" 

Allowing  for  two  J^-in.  bolts,  net  deptl 
13  4 

fish  plate  =  7^ YT— :  =  2.06  in. 

(.»  —  i>5) 

Total  bearing  area  required  between  fish 

.       .     ■  40,000 

plate  and  main  timber  =       „„  .     =  la  sq.  in. 

25 

(8) (2) 

1.57  in.     Depth  will  be  made  1^4  in.     It  Fig    126. — Tabled  wooden  fish  plate  splice. 

will  be  necessary  to  use  an  8  X  8-in.  timber, 
instead  of  a  6  X  8-in.  stick,  with  4  X  8-in.  fish  plates. 
Total  net  depth  of  fish  plate  2Yi  in. 
Shearing  area  required  for  table  of  fish  plate  =  /owi  cn\  ~  133  sq.  in.     Length  of  table  =  -3-  =  17  in. 

The  action  of  this  joint  produces  a  bending  moment  in  the  fish  plate  which  must  be  resisted  by  the  bolts.  The 
resultant  stress  in  the  fish  plate  acts  at  the  center  of  the  uncut  portion,  while  the  resultant  of  the  pressure  between 
fish  plate  and  main  timber  is  at  the  center  of  the  table.     This  couple  produces  a  moment,  in  this  case,  of 

(20,000)  (>^)(2K  +  1^)  =  40,000  in.-lb. 

The  lever  arm  of  the  bolts  in  the  center  of  the  table  about  the  end  of  table  is  8J-^  in.     Using  two  bolts,  the  stress  in 

each  bolt  is  /r.x)oi  ^^  =  2353  lb.     A  j2-in.  bolt  is  sufficient  for  this  stress,  but  bolts  less  than  ^-in.  diameter  are 


■^  °^  >^  ^  ,.ir — i 


1600 
Depth  of  cut  into  main  timber  = 


€ 


Washers  p 3i"sq-- 


H^^^^ 


(2)(8H) 
not  advisable  in  a  timber  joint.     The  required  area  of  washers  is 


350 


=  6.72  sq.  in.,  which  area  would  be  supplied 


by  a  3-in.  circular  washer.     The  washers  shown  are  square  steel  Ja  X  3^8  X  SJa  in. 
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If  the  timber  should  shrink  and  the  bolts  remain  loose,  eacli  fish  plate  would  be  subjected  to  the  full  bending 
of  40,000  in.-lb.,  except  as  the  friction  of  the  ends  of  the  table  against  the  main  timber  might  reduce  such  bending 
The  section  modulus  of  the  net  section  of  fish  plate  is  Oe)  (8)  (2>i)2  =  6.75  (correct  for  two  bolts).  The  extreme 
fiber  stress  due  to  bending  would  then  be  ^|^  =  5926  lb.  per  sq.  in.     To  this  stress  must  be  added  the  uniform 

.,      ^  .  .  L   .      20,000 

tensile  stress,  which  is  J^^^^W  =   ^^^  ^^-     ^he  maximum  fiber  stress  would  therefore  be  7036  lb.  per  sq.  in.,  an 

amount  nearly  equal  to  the  ultimate  strength  of  the  timber.  For  this  reason,  the  joint  should  be  well  spiked  to- 
gether, and  in  particular  the  fish  plate  should  extend  at  either  end  beyond  the  table,  to  allow  a  number  of  spikes  to 
be  driven  here.  If  the  cut  at  the  ends  of  the  tables  be  made  with  a  bevel  towards  the  center  of  the  joint,  the  same 
result  will  be  obtained . 

119e.  Steel-tabled  Fish  Plate  Splice.— The  most  economical  and  practical 
detail  of  the  steel-tabled  fish  plate  splice  consists  of  steel  splice  plates  with  .steel  tables  riveted 
to  the  plates,  as  shown  in  Fig.  127.  The  points  to  be  investigated  are:  (1)  necessary  net  area 
of  plate  to  resist  tension;  (2)  required  thickness  of  tables  to  keep  the  bearing  of  tables  against 
the  ends  of  the  fibers  of  the  timber  within  the  safe  working  stresses ;  (3)  number  of  rivets  between 
tables  and  fish  plate;  (4)  distance  between  table,  limited  by  longitudinal  shear  in  the  timber; 
and  (5)  bolts  required  to  hold  tables  in  the  notches  in  the  timber. 

The  6  X  8-in.  main  timber  will  be  sufficient  for  this  type  of  splice. 
Net  area  of  steel  plates  =   j^°^  =  2.67  sq.  in. 


^^  ^. 


3 


/'/xy/s/  standard  ma l/eab^  trashers-,    ,  ^a8  '5/:^/ce  pacfe 
■^^ ^^ ^  *^y      -e- 


ii'i<3"Tabks         f'Bo/ts-' 
Fig.   127.— Steel-tabled  fish  plate  splice, 


IT     \^^^^T~\\ 

FiQ.   128.— Tenon-bar  splice. 


Then  net  width  of  plate  is  8 


Assume  3  rivets  in  one  row 
.  \    .        2.67 
plate  IS  >o,  /K  ^«=  0.23  m.      A  J4-in.    plate  will  be  sufficient  for  tensile  strength. 


(2)  (5.75) 
^  ,  ,  40,000 

tables    = 


(3)(%)  =  5.75  in.,  and  required  thickness  of 
Bearing  area  required  for 


=  25  sq.  in. 


1600 

Assume  4  tables  on  each  fish  plate. 


25 


0.7Sin.    Make  the  depth 


Required  total  thickness  of  tables  io 
»K6  in.  =  0.815  in.  ^^^  ^^^ 

Rivets  required  in  each  table,  limiting  value  of  one  ^^-in.  rivet  in  bearing  at  20,000  lb.  per  sq.  in.  on  l^-in 
plate  being  3750  lb.  =  J^^-^^^^^   =  2.67. 

Use  three  rivets  and  make  table  iff  6  X  3  in. 

The  distance  between  end  of  main  timber  and  first  table,  and  the  distance  between  tables,  must  be  sufficient 
for  longitudinal  shear  in  the  timber.     Total  shearing  area  required   =  ^f^~  =  267  sq.  in      Distance  between 

_      267'  .  150  •  -^ 

tables  -   ^^^  ^g^  -  8..35  in.     Call  this  distance  9  in.,  making  the  distance  center  to  center  of  tables  12  in. 

As  in  the  case  of  the  wooden  fish  plate  splice,  the  bending  moment  to  be  resisted  by  bolts  is  the  load  trans- 
mitted by  one  table  times  one-half  the  combined  thickness  of  fish  plate  and  table,  or 

M  =  (10,000) (H) (1^6  -I-  M)  =  5300  in.-lb. 
Two  bolts  will  be  Placed  against  the  outer  edge  of  table,  making  the  lever  arm  of  the  bolts  3W  in.     The  stress  in 

i_   li  ■     .1  5300  _ 

one  bolt  IS  then  (^^y(2)    =  760  lb.     Two  %-m.  bolts  will  be  used  for  each  table. 

119/.  Tenon  Bar  Splice.— The  tenon  bar  splice  is  one  of  the  oldest  splices  used, 
though  not  seen  so  frequently  today  as  formerly.  It  is  probably  the  simplest  and  most  effective 
tension  splice  that  can  be  made.  The  detail  is  shown  in  Fig.  128.  The  points  to  be  computed 
are  (1)  size  of  rod  for  tension;  (2)  width  of  bar  for  proper  bearing  against  the  timber,  and  also 
for  the  hole  for  the  rod  passing  through  the  ends;  (3)  depth  of  bar  for  bending;  (4)  distance 
of  bar  from  end  of  timber  to  provide  sufl^cient  bearing  area;  and  (5)  net  section  of  timber.  To 
give  general  stiffness  to  this  joint.  Fig.  128  shows  the  addition  of  two  2  X  8-in.  splice  pads  bolted 
with  ^^-in.  bolts. 
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An  8  X  8-in.  main  timber  will  be  assumed.     Size  of  rod  area  required  =  (2)7i 6  000)   ^  ^*^'  '"'  1>2"'"- 

rod  has  an  area  of  1.295  sq.  in.  at  the  root  of  thread,  and  this  size  rod  will  be  used.  Since  the  rod  must  be  placed 
at  such  a  distance  from  the  timber  that  the  nuts  may  be  tightened,  and  since  it  is  desirable  to  keep  the  length  of 
Ithe  bar  as  small  as  possible,  hexagonal  nuts  will  be  used.  (It  is  obvious  that  the  bending  moment  on  the  bar  in- 
creases with  the  distance  between  center  lines  of  rods.)  The  long  diameter  of  a  IJ^-in.  hexagonal  nut  is  2?4  in., 
hence  the  distance  from  the  side  of  timber  to  the  center  line  of  rod  will  be  made  1>^  in. 

Size  of  bar  required:  The  pressure  of  the  timber  against  the  bar  will  be  assumed  to  be  uniform.  Hence  the 
bending  moment  on  the  bar  will  be  (20,000)  (IJ2  +  H  X  8)  =  (20,000)  (3>0  =  70,000  in.-lb.  Using  a  fiber  stress 
of  24,000  lb.  per  sq.  in.  in  bending,  since  the  bar  is  a  short  beam,  the  required  section  modulus  is  "24^qqo=  2.92  in. 
The  bearing  area  required  is  'q  =  25  sq.  in.  The  required  width  of  bar  is  therefore -g-  =  3.13  in.  Since 
a  3-in.  bar  is  a  stock  size,  a  width  of  3  in.  will  be  used.  This  width  will  give  a  full  bearing  for  the  hexagonal  nut, 
and  will  allow  1^6  in.  of  metal  on  each  side  of  the  hole.  If  a  6  X  8-in.  timber  were  used,  the  required  width  of 
bar  would  be  4>4  in.,  which  would  reduce  the  section  of  timber  below  the  allowable. 


The  depth  of  bar  must  now  be  computed.     The  section  modulus  ^ihrP  =  2.92  in.,  when 


j-\^5p>. 


V 


^^•^^^"^^^  =  ^5:84=  2.4  in.     The  bar  size  will  be  taken  at  2i.^  X  3  X  14  in. 

The  shearing  area  required  between  the  bar  and  end  of  timber  is    ^'^q     =  267  sq.  in.     The  distance  required 

267 
between  the  bar  and  end  of  timber  is  therefore  T^ua)  =  ^^-^  '"'  ^'^^  ^"^  '"• 

119fir.  Shear  Pin  Splice.— In  the  shear  pin  splice,  the  6  X  8-in.  main  timber  will 
be  sufficient.  This  splice  is  shown  in  Fig.  129.  The  stress  is  transmitted  across  the  joint  by 
means   of  the   circular  pins   of   hardwood   or  steel. 

These  pins  are  driven  in  a  bored  hole  with  a  driving  p< — ■ —    spaces  &6 -4-0^  ^^ 

fit  for  the  pins.     The  joint  is  a  comparatively  easy  '  ,-=?■,,?,  1  ,ip?.  |  f^}f^  \  f^  \  ^x^l  J'^e' 


one  to  frame.     The  bolts  take  some  ten.sion,  due  to 

the  couple  of   the  forces   acting   on   the  pins.     The  ^—^ — I  '^  *  ij  J^j  ^ 


\-=- — ,  ;■•;'  •\a  ill  !!  ei  •;!•;;  J, — - — ^ 


working  values  for  the  pins  are  taken  from  Art.  117.  iT  T  T  TlT  T  T  Tl 

The  splice  pads  in  this  detail  are  3  X  8-in.   timbers.     The  |    |        |       ,       |    |    |       |       |        |    | 

pins  are  2  in.  in  diameter,  of  extra  heavy  steel   pipe.     The  total  _>^_^  _  I  (g);  ;@;  ',(§)1J@) ;  ©■  ;(§);  |@]J(@) 
net  section    of  splice  pads  is  then  4  X  8  =  32  sq.  in.,  giving  a,'^^^^^-\  ^\  ;(§);  !(g)ni§)1@i  j®!  ilj)]!® 


m 


unit  stress  in  tension  of  ■    3^      =    1250  lb.    Using  the  working  p^^    129.— Shear  pin  splice. 

value  of  800  lb.  per  lin.   in.   of  pin,  the  safe  value  of  a  2  X  8-in. 

40,000        „  „^      „•       •  11  u  A 

pin  is  6400  lb.     The  number  of  pins  required  is  then    ^^qq     =  6.25.     Six  pins  will  be  used. 

The  tension  in.  the  bolts  will  be  taken  at  one-half  the  total  tensile  stress,  or  20,000  lb.  Eight  %-\n.  bolts 
will  be  used,  giving  a  working  value  of  2500  lb.  per  bolt.  The  bolts  will  be  placed  in  pairs,  endways  between 
the  pins.     The  pins  will  be  placed  6-in.  centers 

120.  General  Comparison  of  Tension  Splices.— The  tenon  bar  splice,  when  it  can  be  used, 
is  to  be  recommended.  It  is  direct  in  its  action;  shrinkage  of  the  timber  cannot  destroy  its 
effectiveness;  there  being  but  one  bearing  surface,  the  spUce  will  surely  act  as  designed;  the 
two  sections  of  timber  can  be  drawn  tightly  together  in  the  field;  and  the  splice  is  almost 

fool-proof. 

The  wooden  tabled  fish-plate  splice  is  also  effective  where  there  is  but  one  table  in  each 
splice  pad  either  side  of  the  joint.  In  those  joints  where  more  tables  are  necessary,  however, 
there  enters  at  once  the  possibihty,  and  even  the  probability,  that  all  the  contact  faces  will 
not  act  simultaneously.  In  other  words,  the  effectiveness  of  the  splice  in  such  a  case  depends 
wholly  on  the  skill  and  care  in  workmanship.  In  this  detail,  also,  shrinkage  of  the  timber  adds 
an  uncertainty  as  to  the  strength  of  the  joint. 

The  bolted  steel  fish  plate  splice  makes  a  neat  appearing  splice  for  exposed  work,  and  is 
much  in  favor  on  that  account.     For  a  moderate  stress  in  the  timber  to  be  spUced,  it  is  fairly 

economical. 

The  steel  tabled  fish  plate  splice  is  open  to  the  same  objection  as  the  wooden  tabled  sphce. 
The  bearing  surfaces  of  the  steel  tables  are  very  likely  to  be  uneven,  making  a  close  fit  between 
steel  and  timber  almost  impossible.     On  paper,  the  joint  is  neat  and  effective  and  adaptable 
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to  almost  any  case.  Unless  rigid  inspection  in  the  shop  and  field  is  maintained,  the  actual  joint 
IS  likely  to  be  disappointing.  The  bearing  edges  of  all  tables  should  be  milled ;  the  holes  in  the 
tables  should  be  drilled,  and  tight  riveting  secured.  Careless  and  inferior  workmanship  in  the 
steel  shop  on  the  metal  splice  plates  is  to  be  expected. 

The  shear  pin  splice  is  effective  and  simple ;  its  greatest  drawback  is  the  effect  of  shrinkage 
m  the  timber  which  will  allow  the  pins  to  become  loosened.  This  splice  should  not  be  used 
with  unseasoned  or  partially  seasoned  timber,  unless  it  is  absolutely  certain  that  the  bolts  will 
be  kept  tight  as  the  timber  seasons. 

The  bolted  wooden  splice  is  effective,  but  cumbersome,  and  unsuited  for  large  stresses,  t 
due  to  the  unusual  size  of  bolts. 

The  modified  wooden  bolted  splice  is  satisfactory  for  comparatively  small  stresses  and 
when  rigid  inspection  can  be  counted  upon  to  see  that  the  bolts  are  driven  in  close  fitting  holes. 
For  large  stresses,  the  required  number  of  bolts  will  be  excessive. 

Architectural  appearances  may  prohibit  certain  types  of  splices  as  being  unsightly.  The 
bolted  steel  fish  plate  splice  and  the  tabled  steel  fish  plate  splice  are  the  neatest  in  appearance, 
and  for  this  reason  are  extensively  used  in  exposed  work. 

121.  Compression  Splices.— Compression  splices  naturally  di\ade  into  two  divisions: 
(1)  those  joints  which  take  only  uniform  compression  at  all  times,  and  (2)  those  joints  which, 

while  compression  is  the  principal  stress,  may  be 
called  upon  at  some  time  to  take  either  flexure,  or 
tension,  or  a  combination  of  both. 

Some  of  the  compression  splices  used  in  construc- 
tion are  shown  in  Fig.  130.  These  joints,  in  the  order 
lettered,  are  (a)  the  butt  joint,  (h)  the  half  lap,  and 
(c)  the  oblique  scarf. 

The  butt  joint  differs  from  all  the  other  joints 
in  that  it  has  but  one  surface  of  contact.  For  this 
reason,  it  is  superior  to  all  the  others,  where  uniform 
compression  alone  is  to  be  transmitted.  The  eflliciency 
of  all  the  other  joints  depends  wholly  upon  the  skill 
and  care  of  the  carpenter  who  frames  the  joint.  In 
other  words,  the  butt  joint  for  the  condition  named 
is  the  simplest,  and  therefore  the  best.  Indeed,  the 
splice  plates,  if  bolted,  or  bolted  and  keyed,  may 
make  the  butt  joint  suitable  for  carrying  both  tension  and  flexure. 

The  oblique  scarfed  splice  is  stronger  in  flexure  than  the  half  lap.  In  the  half  lap  joint, 
however,  there  is  more  timber  in  straight  end  bearing  than  in  the  oblique  scarf. 

In  constructing  compression  joints  in  timbers  which  are  vertical  in  position,  the  bolts 
through  one  end  of  the  splice  pads,  if  such  exist,  should  be  placed  after  the  upper  timber  has 
come  to  a  bearing  on  the  lower  timber;  otherwise  the  bolts  may  receive  a  heavj^  load  before  the 
timbers  come  to  a  full  bearing. 

122.  Connections  Between  Joists  and  Girders.— WTien  possible,  joists  should  rest  upon 
the  tops  of  girders,  and  not  frame  into  the  sides  of  the  girders.  The  former  construction, 
however,  involves  a  loss  in  head  room  in  a  building,  increased  height  of  building  walls  and 
columns.  ^  It  also  involves  more  shrinkage,  since  the  shrinkage  is  directly  proportional  to  the 
depth  of  rimber.  In  the  case  of  a  building  with  masonry  walls  and  timber  interior,  the  construc- 
tion of  joists  resting  upon  the  girders  will,  with  green  or  unseasoned  timber,  result  in  unequal 
settlement  of  the  floors.  The  inner  ends  of  the  outer  floor  bays  will  settle  the  amount  of 
shrmkage  of  joist  plus  girder,  while  the  outer  ends  will  settle  only  the  amount  of  shrinkage 
of  the  joists,  since  the  joists  frame  directly  into  the  masonry.  The  considerations  of  equal 
settlement  and  gain  in  building  height  will  usually  dictate  the  use  of  joist  hangers  in  a  building 
with  heavy  masonry  walls. 

In  a  building  of  the  mill-building  type  with  wall  posts  and  girders,  and  corrugated  steel 
or  wooden  sheathed  walls,  the  increased  height  due  to  framing  the  joists  on  top  of  the  girders 
will  be  offset  by  the  saving  in  the  cost  of  joist  hangers. 


Fig.   130. — Compression  splices. 
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The  joists  should  extend  over  the  full  width  of  girder,  and  be  toenailed  into  the  girders, 
^en  the  joists  break  over  the  girders  they  should  lap  at  least  12  in.  and  be  well  spiked  together. 
5ohd  bridging  of  a  depth  equal  to  the  depth  of  the  joists,  and  of  a  width  not  less  than  2  in.,  is 
isually  placed  between  the  joists,  and  directly  over  the  center  of  girder.  Such  bridging  holds 
.he  joists  firmly  in  position,  and  also  acts  as  a  fire  stop.  This  construction  is  shown  in  Fig.  131. 
122a.  Joists  Framed  into  Girders. — In  very  light  construction  the  joists,  when 
ramed  into  the  sides  of  a  girder,  are  sometimes  only  toenailed.  In  other  cases,  especially 
vhen  the  joists  frame  into  only  one  side  of  the  girder,  such  girder  built  up  of  several  vertical 
)ieces,  the  outer  piece  is  spiked  into  the  ends  of  the  joists,  as  in  Fig.  132.  All  such  joints  are 
nakeshifts,  and  extremely  unreliable.  As  has  been  pointed  out  in  a  previous  article  (see  Art.  Ill), 
lails  driven  into  the  ends  of  timbers — i.e.,  parallel  to  the  direction  of  fibers — have  a  low  strength, 
^'urther,  there  is  always  the  danger  of  the  nails  thus  driven  causing  the  joists  to  split. 

Sometimes  a  strip  is  nailed  or  bolted  to  the  sides  of  the  girder,  upon  which  the  joists  rest, 
,s  in  Fig.  133.     If  properly  designed,  such  strips  will  be  not  less  than  4  in.  wide  and  4  in.  deep, 

olted,  not  nailed  to  the  girder.     The  bolts  should  be  sufficient  in  number  to  take  the  reaction 
if  the  joists,  and  should  be  not  less  than  2^  in.  from  the  bottom  of  girder. 

Illustrative  Problem. — Given  a  floor  bay  14  X  16  ft. ;  live  load  of  60  lb.  per  sq.  ft. ;  girders  spanning  the  shorter 
ide  of  the  floor  bay.  Assume  double  thickness  of  flooring  1-in.  T  and  G  finished  floor  over  1-in.  rough  floor. 
(Torking  fiber  stress  is  flexure  1600  lb.  per  sq.  in.;  working  unit  stress  in  longitudinal  shear  150  lb.  per  sq.  in.; 

orking  unit  stress  in  cross  bearing  300  lb.  per  sq.  in. 


bridging 


Fig.  131. 


Fig.   132. 


Fig.  133. 


Fig.  134. 


Weight  of  floor  construction,  exclusive  of  girders: 

Flooring ° 

Joists ^ 

Bridging '■ 

Total  dead  load 12 

Live  load 60 

Total  load. 72  lb.  per  sq.  ft. 

Vith  joists  16-in.  centers,  and  counting  the  clear  span  for  joists  as  15  ft.,  the  following  figures  result: 

Total  load  on  one  joist  =   (15)(lH)(72)  =  1440  lb. 

Bending  moment  =   (>g)  (1440)  (15)  (12)  =  32,400  in.-Ib. 

.      ,  .  ,   ,  32,400 

Required  section  modulus  =     ^„„-.    =  .^0. 

Assume  joist  2  X  10  in.,  actual  section  1^  X  9K.  actual  section  modulus  24.44. 

For  a  15-ft.  span,  this  size  is  the  minimum  for  deflection.     In  the  computation  for  girder  size,  the  live  load 
my  be  reduced  20  %,  making  total  load  60  lb.  per  sq.  ft. 

Load  =  (14)  (16)  (60)  =  13,440  1b.     M  =  (H)  (13,440)  (14)  (12)  =  282,000  in.-lb. 

,   ,  c       282,000      ,_- 

Required  section  modulus  =  S  =     .  „„„     =  17b. 

An  8  X  14-in.,  finished  section  lY^  X  13H,  has  a  section  modulus  of  227.8.  An  8  X  12-in.  girder,  finished 
'\xe.  IVi  X  llj-^,  would  have  a  section  modulus  of  165  under  the  required  amount.  The  reaction  of  one  joist  is 
20  lb.,  requiring  a  bearing  area  of  g^Q  =  2.4  sq.  in.  The  bolting  strip  will  be  4  X  4  in.  Jg-in.  bolts  will  be  used, 
nd  the  working  load  per  bolt  will  be  taken  at  900  Ib.i  Since  the  load  per  linear  foot  of  girder  is  16  X  60  =  960 
,  the  bolts  must  be  spaced  ggQ(12)   =  11  in.  centers,  or  13  bolts  per  girder. 

In  the  above  illustrative  problem,  the  depth  of  joist  plus  the  depth  of  boltmg  strip  just 
quals  the  depth  of  girder.  This  relation  does  not  always  hold,  as  girder  depth  is  often  but 
ttle  more  than  the  depth  of  joist.  To  avoid  having  the  bottom  of  joists  lower  than  the  girder, 
)ists  are  often  notched  as  shown  in  Fig.  134.  Such  construction  is  not  good,  since  the  strength 
f  the  joists  is  greatly  reduced  by  notching.  The  joists  tend  to  split  in  the  corner  of  the  notch, 
ue  to  the  difference  in  stiffness  on  either  side  of  the  vertical  cut. 

1  From  Table  21,  p.  244,  ^g-in.  bolt  "double  shear"  with  4  and  8-in.  timbers,  good  for  1465  lb.  in  end  bearing, 
side  bearing,  safe  load  =  %  X  I486  =  915  rb. 
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In  some  cases,  the  ends  of  the  joists  are  framed  with  tenons  fitting  into  sockets  or  recesse 
cut  into  the  girder.  This  type  of  framing  is  to  be  condemned  on  account  of  the  serious  weaken 
Lag  of  both  joist  and  girder. 

122b.  Joist  Hangers. — The  most  satisfactory  manner  of  framing  joLsts  into  th 
sides  of  girders  is  by  the  use  of  joist  hangers.  There  are  many  stock  types  of  these,  amon 
which  may  be  named  the  Duplex,  Van  Dom,  Ideal,  Lane,  National,  and  Falls.  Some  of  thes 
different  types  are  shown  in  Figs.  135  to  138  inclusive.  A  stock  joist  hanger  should  not  b 
used  without  investigating  carefully  its  strength  and  the  amount  of  bearing  given  to  the  joist 
Referring  to  the  figures  illustrating  the  different  types,  the  fact  should  be  noted  that  the  Duple 
hanger  will  result  in  less  settlement  of  floor  than  any  of  the  other  types,  since  the  connection  o 


Fig.   135. — Duplex 
joist  hanger. 


Fig.   136.— Van  Dorn  patented 
steel  joist  hanger. 


Fig.  137.— "  Ideal' 
single  hanger. 


Fig.   138.— "Falls' 
joist  hanger. 


this  hanger,  unlike  all  the  others,  is  on  the  side  of  the  girder,  and,  hence,  is  affected  bj-  th 
shrinkage  of  one-half  instead  of  the  whole  depth  of  girder.  The  published  tests  of  joist  hangerf 
as  given  in  the  various  manufacturers'  catalogs,  will  bear  close  scrutiny.  Often  in  the  effor 
to  prove  the  merits  of  the  particular  hanger,  the  exact  loads  carried  by  one  hanger  are  not  alway 
clear.  Sometimes,  also,  hardwood  is  employed  in  the  tests,  in  order  to  avoid  failure  of  th 
joist  by  crushing  of  the  fibers.  The  Duplex  hanger  unquestionably  has  many  advantages  ove 
other  hangers.  It  is  practically  certain  that  all  the  other  hangers  will  fail  by  the  hooks  ovc 
the  girder  crushing  the  fibers  of  the  timber  on  the  corner  of  the  girder  and  then  straightenin 
out. 

122c.  Connection  of  Joist  to  Steel  Girder. — When  steel  girders  are  used  wit) 
timber  floor  joists,  the  tj'^pes  of  connection  are  similar  to  those  discussed  for  wooden  girders 


Fig.   139. 


Fig.  140. 


Fig.  141. 


i.e.,  the  joists  may  frame  on  top  of  the  steel  girder  (usually  an  I-beam)  or  into  the  side  of  th( 
girder. 

Buildings  with  this  combination  construction,  in  which  the  joists  simply  rest  on  top  ol 
the  I-beams,  without  any  attachment  whatever,  are  sometimes  seen.  In  such  cases,  the  I- 
beam  is  supported  laterally  only  by  friction  between  the  timber  and  steel.  This  practice  is  tc 
be  avoided.  To  secure  a  definite  connection  between  the  joists  and  girder,  a  wooden  strip  may 
be  bolted  to  the  top  flange  of  the  I-beam,  and  the  joists  toenailed  to  this  wooden  strip,  as  in 
Fig.  139.  The  principal  objection  to  this  construction  is  the  weakening  of  the  I-beams  from  the 
holes  punched  through  the  flange. 

When  the  joists  frame  into  the  sides  of  the  I-beams,  they  are  often,  for  light  loads,  supported 
hv  the  lower  flanges  of  the  I-beam,  as  in  Fig.  140.  Obviously  the  weak  point  of  this  detail  is 
the  small  bearing  of  the  joist  on  the  steel.  To  overcome  the  difficulty,  timbers  may  be  cut  to 
rest  snugly  against  the  flange  and  web,  and  bolted  through  the  web.  The  joists  may  then  be 
nailed  into  these  timber  strips,  as  illustrated  in  Fig.  141.     The  supporting  timber  should  be  of^ 
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f:;ufficient  width  to  extend  under  and  beyond  the  vertical  cut  of  the  notch  in  the  joist  for  the 
upper  flange. 

A  serious  diflSculty  in  constructions  of  this  nature  is  the  problem  of  supporting  the  flooring 
over  the  upper  flange  of  the  I-beam.  If  such  flooring  rests  on  the  joists  and  the  upper  flange 
of  the  I-beam,  the  shrinkage  of  the  joists  will  produce  a  high  place  in  the  floor  over  all  the  steel 
beams.  To  overcome  this  difficulty  small  strips,  say  of  1 K  X  2-in.  timber,  may  be  spiked  to  the 
sides  of  the  joists  to  carry  the  floor  over  the  girder. 

Joist  hangers,  notably  the  Duplex  and  Van  Dorn  hangers,  may  be  obtained  for  connection 
between  timber  joists  and  steel  girders  (see  Figs.  142,  143,  and  144).  The  method  of  support 
shown  in  Fig.  141,  however,  will  be  found  very  satisfactory  and  generally  cheaper  than  the  joist 
hangers. 


Fig.   142.— Van  Dorn 
I-beam  hanger. 


Fig  143. — Duplex  I-beam  hanger. 


Fig.  144. — Duplex 
I-beam  box. 


123.  Connections  Between  Columns  and  Girders. — The  connection  between  timber  col- 
umns and  girders  involves  consideration,  not  only  of  strength  of  columns  and  of  supports  for 
the  girders,  but  also  of  general  stiffness  of  the  building,  since  the  posts  and  girders  are  generally 
counted  upon  to  form  the  structural  frames  for  resisting  lateral  forces,  as  wind  and  vibration 
of  machinery.  Columns  always  splice  at  or  near  the  floor  lines,  hence  the  connection  of  girder 
to  column  includes  the  consideration  of  column  splice.  Continuity  of  the  columns  is  always  to 
be  sought,  both  from  the  standpoint  of  stiffness  and  reduction  of  shrinkage.  In  total,  the  ob- 
jects to  be  gained  in  the  connection  of  girders  and  post  are:  (1)  continuity  of  column  for  stiff- 
ness and  reduction  of  shrinkage;  (2)  reduction  of  column  area  from  a  lower  story  to  an  upper 
story  as  determined  by  floor  load;  (3)  sufficient  bearing  area  for  girders  on  the  supports;  (4) 
continuity  of  girders  at  the 
column  for  stiffness;  and 
(5)  provision  for  girders 
releasing  from  column,  in 
event  of  a  serious  fire,  with- 
out pulling  the  column  down. 
All  these  provisions  are  not 
attainable  in  every  case,  and 
the  nature  of  the  building 
may  not  warrant  the  ex- 
pense of  securing  all  these 
objects. 

In  the  discussion  of  this 
subject,  a  distinction  must 
be  made  between  the  ordi- 
nary building,  including  both  frame  buildings  and  buildings  with  masonry  walls,  or  cor- 
rugated steel  walls,  and  the  special  type  of  building  known  as  "mill  construction"  or  "slow- 
burning  construction"  (see  chapter  on  "Slow-Burning  Mill  Construction"  in  Sect.  3).  The  first 
class  consists  of  those  buildings  which  have  the  ordinary  joist  and  girder  construction,  either 
with  or  without  plastered  ceilings  and  interior  columns  encased  with  lath  and  plaster.  This 
class  will  be  treated  in  the  following  paragraphs;  the  details  for  the  special  type  of  "mill  con- 
struction" are  discussed  in  Sect.  3., 

For  the  purpose  of  illustrating  these  principles,  some  details  of  connection  of  columns 
and  girders  will  be  briefly  discussed.     Fig.  145  shows  three  defective  details,  which,  nevertheless, 
17 


Fig.   145. — Defective  details  of  column  and  girder  connections. 
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are  often  seen.  It  is  almost  certain  that  in  Fig.  145  (a)  the  girders  have  not  sufficient  bearing 
across  the  fibers,  and  that  with  full  load,  crushing  will  result.  In  (&)  the  bottom  of  the  upper 
post  will  crush  the  fibers  of  the  upper  side  of  the  girder,  and  a  worse  condition  will  prevail  under 
the  bolster,  unless  the  latter  is  hardwood.  Even  then,  if  the  posts  are  not  working  at  a  very 
low  unit  stress,  crushing  of  the  bolster  will  result.  The  shrinkage  in  both  (a)  and  (6)  will  be 
considerable,  and  nearly  double  in  (6)  what  it  will  be  in  (a).  The  detail  of  (c)  with  the  upper 
post  resting  on  a  hardwood  bolster  is  the  best  of  the  three  details,  although  shrinkage  has  not 
been  eliminated. 

For  many  buildings,  the  details  shown  in  Fig.  146  will  provide  satisfactory  connections. 
All  of  the  desirable  conditions  enumerated  previously  are  fulfilled,  with  the  exception  of  release 
of  girders  in  case  of  fire.  The  vertical  bolster  blocks  are  set  into  the  lower  post  and  bolted,  or 
bolted  and  keyed  to  the  sides  of  the  column  with  circular  pins  or  with  rectangular  iron  kej's. 
In  each  of  the  three  details,  the  girders  may  be  given  sufficient  end  bearing  by  properly  propor- 
tioning the  thickness  of  bolster  block; 
li  the  bolster  has  end  bearing  on  the  post, 

and  no  timber  in  cross  bearing  intervenes 
between  the  two  sections  of  post.  Partial 
continuity  of  post,  sufficient  for  general 
stiffness  of  building,  is  secured  bj^  means 
of  timber  splice  pads  in  detail  (c),  with- 
out sacrificing  the  girder  ties.  The  spUce 
plates  of  the  girder  across  column  may  be 
of  steel.  This  will  avoid  the  use  of 
wooden  fillers  under  the  girder  splice 
pads.  A  further  modification  of  these 
details  to  allow  the  girders  to  release  in 
case  of  fire  may  be  made  by  using  dog-irons  instead  of  the  girder 
splice  pads. 

The  section  of  bolster  is  to  be  determined  by  requirements  of 
girder  bearing;  the  amount  the  bolster  is  set  into  the  post  by  com- 
putations for  end  bearing;  its  length  should  be  not  less  than  12  in., 
and  preferably  not  less  than  16  in.  The  size  of  bolts  may  be  deter- 
mined by  taking  moments  about  the  center  of  the  bearing  on  the  post. 
The  keyed  and  bolted  bolster  is  proportioned  as  for  the  shear-pin 
tension  splice. 

Illustrative  Problem. — Assume  the  problem  of  Art.  122a.  Floor  bay  14  X  16  ft.,  girders  8  X  14  in.,  joists 
2  X  10  in.,  first  story  height  16  ft.  Assume  the  detail  to  occur  at  the  second  floor  of  a  four  story  building.  The 
load  in  the  upper  column  will  be  taken  at  30,500  lb.,  the  first  story  column  will  then  take  30,500  lb.  plus  the  second 
floor  load.  The  live  load  will  be  60%  of  60  =  36  lb.  per  sq.  ft.,  which,  with  a  dead  load  of  12  lb.  per  sq.  ft. 
will  give  a  total  unit  load  of  48  lb.  per  sq.  ft.,  and  a  total  increment  of  column  load  for  the  second  floor  of  10,800 
lb.  The  first  story  column  load  will  then  be  41,300  lb.  The  upper  column  section  will  be  made  an  8  X  8-in., 
and  the  lower  section  a  10  X  10  in.  The  girder  reaction  is  6720  lb.  (For  design  of  girder  and  its  connections, 
live  load  is  80  per  cent.  (60)  =  48  lb.  per  sq.  ft.)  At  300  lb.  per  sq.  in.  the  required  bearing  and  thickness  of  bolster 
must  be  22.5/7.5  =  3  in.     The  bolster  size  will  be  made  5>^  X  9>^  X  1  ft.  4  in. 

The  required  area  in  end  bearing  is  j^^  =  4.2,  or  with  a  width  of  9  V2  in.  the  bolster  must  be  set  ixito  the  post 
4.2/9.5  =  0.44  in.  Actually  the  dap  will  be  made  ^  in.  The  upper  bolts  will  be  placed  3  in.  below  bottom  of 
girder.  Taking  moments  about  the  center  of  bearing  of  the  bolster  on  the  dap,  and  neglecting  the  lower  belts, 
M=  (6720)  (2?4)  =  18,500  in. -lb.  This  overturning  moment  will  be  resisted  by  compression  of  ttie  lower  portion 
of  the  bolster  against  the  post,  and  tension  in  the  two  upper  bolts.  This  pair  of  bolts  is  13  in.  above  the  seat  of 
the  bolster  in  the  post,  and  the  effective  lever  arm  of  these  bolts  may  be  taken  at  ?-i  of  their  height  above  the  bolster 
seat.     The  tension  in  either  of  the  two  bolts  is  then 


Fig.    146. — Details    of   column 
and  girder  connections. 


18,500 
(2)(13)(^) 


=  950  lb. 


The  maximum  intensity  of  pressure  between  the  bolster  and  post  need  not  be  investigated,  as  it  will  be  very  small 
with  the  length  of  bolster  used. 
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Attention  is  called  to  the  details  of  Fig.  146,  in  that  the  normal  spacing  of  the  joists  has 
been  modified  at  the  posts,  to  bring  a  joist  either  side  of  the  post.  When  these  joists  are  either 
spiked  or  bolted  to  the  post,  and  in  addition  a  short  piece  of  joist  is  spliced  across  the  butt 
joint  of  the  joists  where  such  joint  occurs  at  the  post,  a  simple  and  inexpensive  construction  is 
secured  which  gives  considerable  stiffness  to  the  building  frame. 

123o.  Post  and  Girder  Cap  Connections. — The  bolster  connections  above  dis- 
cussed are  usually  impractical  to  employ,  if  ceilings  exist,  as  the  bolster  will  project  beneath 
the  ceiling  line.  In  such  cases,  and  in  other  cases  where  the  above  construction  may  be  deemed 
unsightly,  metal  post-cap>s  of  cast  iron,  wrought  iron,  or  steel  are  used.  Standard  post-caps, 
usually  of  pressed  steel,  are  made  by  the  manufacturers  of  joist  hangers,  and  may  be  purchased 


Fig.   147. — Duplex  malleable 
iron  and  steel  combination  cap. 


Fig. 


148. — Ideal    steel   post 
cap,  No.  3. 


Fig.   149. — Duplex  steel  post  cap. 


in  stock  sizes.  Typical  details  of  girder  and  post  connections,  using  standard  post-caps,  are 
given  in  Figs.  147,  148,  and  149  taken  from  manufacturers'  catalogs.  The  prices  of  these  caps 
based  on  the  unit  cost  per  pound  of  steel  are  rather  high,  and  it  may  often  be  possible  to  build 
up  structural  post-caps  that  will  give  satisfaction  at  a  lower  cost.  Sometimes  short  pieces  of 
I-beams  or  heavy  channels,  unsuited  on  account  of  length  for  any  other  purpose,  may  be  pur- 
chased cheaply,  and  used  for  post-caps  for  cases  in  which  it  is  only  necessary  to  frame  girders 
into  two  opposite  sides  of  the  posts;  in  other  words,  in  the  case  of  a  two-way  connection. 

A  four-way  post-cap  is  one  which  provides  for  beams  on  four  sides  of  the  posts.  Four- 
way  post-caps  with  joist  and  girder  construction 
always  result  in  unequal  settlement  of  the  floor. 
The  joists,  being  supported  on  or  by  the  girders, 
will  settle  an  amount  equal  to  the  shrinkage  in  the  0 Dog  irons. 
depth  of  the  girder,  while  the  joists  framing  into 
the  post  and  resting  on  the  post-cap  will  not  settle. 
The  use  of  joist  hangers  between  joist  and  girder 
will  not  do  away  with  this  settlement,  although 
the  use  of  that  type  of  hanger  which  connects  into 
the  approximate  center  of  the  girder  will  reduce 
the  settlement  to  that  due  to  the  shrinkage  of 
one-half  the  depth  of  girder. 

Cast-iron  post-caps  must  be  carefully  de- 
signed to  take  care  of  the  flexural  stresses.  A 
typical  cast-iron  post-cap  is  shown  in  Fig.  150. 


Fig.   150. — Details  of  column  and  girder  connection 
with  special  cast-iron  post  cap. 


Illustrative  Problem. — Assume  girder  12  X  16-in.  on  a  14-ft.  span,  upper  story  post  12  X  12  in.  and  lower 
story  post  14  X  14  in.  The  actual  section  of  sized  girder  will  be  \\}4,  X  15>^.  Using  a  working  stress  of  1800  lb. 
per  sq.  in.,  the  safe  load  is  39,469  lb.,  say  40,000.  The  reaction  is  then  20,000  lb.  At  300  lb.  per  sq.  in.,  the  re- 
quired bearing  area  is  ■  .^'^^^  ■  =  67  sq.  in.     With  a  width  of  llM  in.,  the  cap  must  have  a  seat 


5.8  in.  long, 


say  6  in.,  and  will  project  5  in.  over  the  face  of  the  14  X  14-in.  post.  The  moment  on  the  post-cap  may  be  assumed 
to  be  a  maximum  at  the  edge  of  the  upper  story  post,  with  a  value  M  =  (20,000)  (3)  =  60,000  in. -lb.  For  cast 
ron,  the  working  unit  stress  in  flexure  will  be  taken  at  4000  lb.  per  sq.  in.  The  required  section  modulus  of  cap 
60,000 


must  therefore  be 


=   15.     The  sides  of  cap  form  two  beams  of  rectangular  section  resisting  this  moment. 


4000 

Assuming  a  thickness  of  metal  of  1  in.,  the  depth  of  side  must  be  rf  =  v'(73'2)(6)  =  6J4  in.  The  thickness  of  seat 
must  now  be  computed.  With  a  uniform  bearing,  the  seat  may  be  computed  as  a  beam  with  fixed  ends,  or  Af  = 
(KaXW);  the  projecting  width  of  plate  is  5  in.  The  load  on  this  portion  is  %  X  20,000  =  16,667  lb.  The 
length  will  be  taken  at  12>2  in.,  or  between  the  centers  of  sides.     Therefore  M  =   Oia)  (16,667)  (12>2)  =   17,360 

in.-lb.     The  section  modulus  required  is  tnnn    ^  4.34.     The  width  being  5  in.,  the  depth  must  be  d  =   'V-C*'^*) 
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=  2.28  in.  The  base  must  therefore  be  supported  by  ribs.  Two  ribs  will  be  introduced.  The  bearing  plate  will 
now  be  assumed  to  take  only  one-half  of  the  bending,  one-half  the  load  being  transmitted  by  the  ribs  to  the  vertical 
collar  around  the  post.  The  thickness  of  base  and  collar  must  then  be  sufficient  for  each  to  sustain  6650  in.-lb. 
Since  both  the  projecting  seat  and  the  collar  are  fixed  along  one  edge,  the  allowable  unit  stress  in  bending  will  be 

8333 


increased  50%.     The  required  section  modulus  is  then 
is  1.29.     A  thickness  of  l}i  in.  will  be  used. 


6000 


=  1.39,  or  with  a  width  of  5  in.,  the  required  thickness 


SPLICES  AND  CONNECTIONS— STEEL  MEMBERS 
By  Wm.  J.  Fuller 

124.  Rivets  and  Bolts.— A  rivet  is  a  short  piece  of  cylindrical  rod   (usually  soft  steel) 
with  one  end,  called  the  head,  larger  than  the  body  or  shank  (see  Fig.  151).     Rivets  are  made 


Shank 


BuHon  Head 


Shank 


Countersunk  Head 


Fig.  151. 


Fig.   152. 


Fi(3.  153. 


by  feeding  rods,  that  have  been  heated  to  the  proper  temperature,  into  a  rivet  machine.  The 
machine  forms  the  head  and  cuts  the  rod  off  to  the  desired  length.  Different  kinds  of  rivets 
may  be  made  in  the  same  machine  by  using  the  proper  header  and  dies.  To  produce  satisfactory 
rivets  the  dies  used  must  be  kept  in  perfect  condition,  and  the  bars  must  be  heated  to  the  proper 
temperature.  If  the  dies  become  worn,  the  rivet  is  apt  to  have  a  shoulder  where  the  head 
and  shank  meet  (see  Fig.  1.52).  Also,  if  the  inner  edges  of  the  dies  do  not  meet,  the  rivet 
will  have  what  is  known  as  a  fin  on  each  side  (see  Fig.  153).  Rivets  having  these  defects  are 
^ot  satisfactory  when  driven,  as  the  heads  will  not  fit  tight  against  the  member. 
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Fig.   154. — Conventional  rivet  signs. 

Rivets  are  used  not  only  to  connect  the  diflferent  parts  of  built-up  steel  sections,  such  as 
columns  and  girders,  but  also  for  making  the  connections  between  different  structural  members. 
124a.  Kinds,  Dimensions,  and  Sizes  of  Rivets.  Kinds. — Two  classes  of  rivets 
are  used  in  structural  steel  work:  namely,  the  button  head  and  the  countersunk  head  (see  Fig. 
151).  The  button  head  rivet,  which  is  used  almost  entirely  for  all  structural  work,  has  a  head 
which  is  hemispherical.  The  countersunk  head  is  flat  and  is  made  to  fit  a  countersunk  hole. 
It  should  not  be  used  except  when  a  flat  surface  is  desired  or  when  a  button  head  would  interfere 
with  some  member.     When  the  desired  clearance  cannot  be  obtained  because  of  a  full  button 
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head  on  a  rivet,  the  head  of  the  rivet  may  be  flattened.  Sufficient  clearance,  of  course,  cannot 
always  be  provided  in  this  way,  but  where  the  flattening  of  a  button  head  is  all  that  is  necessary, 
the  riveting  is  usually  more  efl^icient  and  less  expensive  than  if  a  countersunk  rivet  were  used. 
In  case  a  flat  surface  is  desired,  it  is  necessary  to  chip  the  head  of  a  countersunk  rivet,  since 
after  driving,  this  kind  of  a  head  extends  about  }^  in.  above  the  surface. 

In  order  to  show  on  a  drawing  whether  a  full  button  head,  a  flattened  head,  or  a  countersunk 
head  is  to  be  used,  certain  conventional  signs  have  been  adopted.  Fig.  154  shows  the  Osborne 
system  which  is  used  almost  entirely  in  this  country. 

Dimensions. — There  is  no  standard  shape  for  rivet  heads,  but  the  shapes  found  on  the  market 
do  not  differ  greatly.  Rivets  are  sometimes  made  with  special  shaped  heads  such  that  when 
driven  with  the  proper  die  the  tendency  will  be  to  first  upset  the  shank.  This  is  desirable  as 
the  hole  should  be  completely  filled  even  though  somewhat  irregular.  Ta])le  1  gives  dimensions 
for  finished  rivet  heads. 


Table  1.' — General  Formulas  for  Proportions  of  Rivets,  in  Inches 
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Sizes. — ^Rivets  vary  from  %  to  \^-i  in.  in  diameter 
and,  except  in  special  cases,  are  made  from  soft  steel. 
Most  structural  work  requires  either  |^^  or  %-in. 
rivets.  Smaller  sizes  are  used  in  light  work  while 
larger  sizes  are  used  only  in  very  heavy  construction. 
As  a  general  rule  rivets  should  not  be  of  less 
diameter  than  the  thickness  of  the  thickest  plate 
through  which  they  pass. 

The  diameter  of  a  rivet  should  not  be  greater  than 
yi:  of  the  width  of  member  connected. 

Rivets  as  large  as  %  in.  should  not  be  used  if  they  are  to  be  driven  by  hand,  as  they  cannot 
be  driven  tight.  (All  shops  do  not  have  the  required  power  to  drive  the  larger  rivets  properly.) 
The  diameter  of  a  rivet  should  not  be  less  than  yi  of  its  grip  as  tests  show  that  the  strength, 
of  a  joint  decreases  when  the  total  thickness  of  metal  increases  beyond  four  diameters  of  the 
rivet  used.  In  such  cases  specifications  usually  require  the  number  of  rivets  to  be  increased 
1  %  for  each  Ke  iii-  of  metal  greater  than  four  diameters. 

The  size  of  rivet  that  should  be  used  in  any  given  case  depends  on  the  sizes  of  the  members 
to  be  connected.  As  a  general  rule,  a  %-in.  rivet  is  the  maximum  that  should  be  used  in  the 
flanges  of  6  and  7-in.  channels  and  I-beams,  and  in  2-in.  angles;  ^4-in.  rivets  may  be  used  in 
all  larger  sized  channels  and  I-beams  and  in  all  angles  over  23-^  in.  In  all  I-beams  over  15  in., 
all  channels  over  10  in.,  and  in  all  angles  over  3  in.,  I^i-in.  rivets  may  be  used.  In  unimportant 
connections,  M-in.  rivets  may  be  used  in  2}i-in.  angles,  and  %-in.  rivets  may  be  used  in  3-in. 
angles. 

Not  more  than  one  size  of  rivet  should  be  used  in  the  same  structure  in  order  to  avoid  mak- 
ing changes  in  the  punching  and  riveting  machines  and  also  to  make  unnecessary  the  rehandling 
of  the  different  members. 

Channels  and  I-beams,  however,  have  to  be  rehandled  when  holes  are  punched  in  both 
i  the  flange  and  web  because  a  special  die  is  required  in  punching  the  flange  on  account  of  the 
It  slope.     In  cases  of  this  kind,  when  the  holes  in  the  web  are  larger  than  are  permitted  in  the 
flange,  a  smaller  punch  may  be  used  for  the  flange  without  causing  extra  handling. 

*  From  Pocket  Companion,  20th  edition,  Carnegie  Steel  Co.,  Pittsburgh,  Pa. 
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124b.  Grip  of  Rivets  and  Bolts. — The  grip  of  a  rivet  is  the  total  thickness  of 
metal  throush  which  it  passes  (see  Fig.  155).  In  computing  the  length  of  shank  required,  the 
roughness  of  the  parts  connected  should  be  considered  and  the  grip  increased  accordinglj'. 
The  amount  to  be  added  varies  in  different  shops  and  is  from  1.32  in.  for  each  joint  between 
members  to  3'f  e  in.  for  each  member.  Thus,  the  total  length  of  shank  is  the  thickness  of  ma- 
terial plus  the  amount  assumed  for  roughness  of  members  plus  the  length  of  shank  necessary 
to  form  a  head.  The  grip  should  be  taken  to  the  nearest  3^  in.  Table  2  gives  the  required 
length  of  shank  for  different  grips  and  sizes  of  rivets. 

Table  2.' — Structtjkal  Rivets 
American  Bridge  Company  Standard 
Lengths  of  Field  Rivets  for  Various  Grips 

(Dimensions  in  Inches) 
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In  case  bolts  arc  used,  the  length  is  the  grip,  plus  3-:^  in.,  plus  the  thickness  of  nut,  plus  the 
thickness  of  washers.     Table  3  gives  the  dimensions  for  bolt  heads  and  nuts. 

Table  3.i — Bolt  Heads  and  Nuts 
American  Bridge  Company  Standard 
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Fig.   156. 


124r.  Rivet  Holes. — Rivet  holes  may  be  punched  to  size,  sub-punched,  and 
reamed,  or  drilled  from  the  solid.  For  all  ordinary  work  satisfactory  results  can  be  obtained 
if  a  reasonable  amount  of  care  is  taken  in  laying  out  and  punching  the  holes.  All  holes  should 
be  3.{6  in.  larger  in  diameter  than  the  nominal  size  of  rivet  used;  that  is,  Ke  in.  larger  than 
the  diameter  of  the  rivet  shank  before  heating.  This  will  allow  the  heated 
rivet  to  enter  the  hole. 

When  metal  ^^  in.  thick  or  more,  is  used,  or  when  the  thickness  of  metal 
is  greater  than  the  diameter  of  the  rivet,  the  holes  should  be  drilled  (1)  because 
punches  often  break  when  the  thickness  of  metal  is  greater  than  the  diameter , 
of  the  punch,  and  (2)  because  the  punching  of  the  holes  injures  the  metal  mon- 
or  less  around  the  edge  of  the  hole,  the  thicker  and  harder  the  metal,  the  greater  ' 
the  injury.  It  is  on  account  of  this  injury  that  holes  are  specified  on  impor- 
tant work  to  be  sub-punched  }i  in.  less  than  the  diameter  of  the  rivet  and 
reamed  to  Ke  in.  larger,  or  to  be  drilled  from  the  solid.  When  holes  are  sub-punched  and  re- 
amed, the  reaming  is  usually  specified  to  be  done  after  the  structure  is  assembled,  thus  insuring 
well  matched  holes. 

Punched  holes  do  not  always  match  and  in  such  cases  a  reamer  should  be  used  to  line  them 
up  instead  of  using  a  drift  pin  (see  Fig.  156)  and  a  sledge  hammer  as  is  often  done.  Although 
drift  pins  (which  are  tapering  circular  steel  tempered  rods)  are  necessary  in  assembhng,  yet 
their  use  in  lining  up  holes,  which  do  not  match,  should  not  be  allowed  because  of  the  injurious 
effect  on  the  metal  around  the  holes.  Reaming  out  holes  which  do  not  match  should  not  be 
considered  as  reamed  work  because  only  part  of  the  metal  in  part  of  the  holes  is  removed. 

Holes  for  countersunk  rivets  are  punched  or  drilled  in  the  same  way  as  for  button  head 
rivets;  the  hole  is  then  countersunk — that  is,  reamed  out  on  a  bevel  to  the  required  depth. 

124fi.  Location  of  Rivets — Gage. — A  gage  line  is  a  line  parallel  to  the  length  of  a 
member  on  which  open  holes  or  rivets  are  located.  Gage  is  the  distance  between  gage  lines 
or  the  distance  of  a  gage  line  from  some  surface,  such  as  the  back  of  an  angle  or  channel.  Fig. 
157  shows  both  the  gage  and  gage  lines  on  an  angle.  Tables  4,  5,  and  6  give  the  standard  gages 
for  I-beams,  angles,  and  channels,  respectively.  The  dimensions  of  channels  and  I-beams 
as  manufactured  by  the  different  companies  vary  slightly ;  also  the  gages  as  given  in  the  different 
manufacturers'  handbooks. 

Pitch. — Pitch  is  the  distance  center  to  center  of  holes  on  a  gage  hne,  and  is  indicated  by  pon 
Fig.  157. 

1  From  Pocket  Companion,  20th  edition,  Carnegie  Steel  Co.,  Pittsburgh,  Pa. 
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Edge  Distance. — The  distance  from  a  hole  or  rivet  to  the  edge 
of  a  member  is  called  the  edge  distance  (see  Fig.  157). 


^  -Gage  distance 


Gagef/nes^-. 


rfV-t'Hlrf   > 


fistances 


Jr      >Ulj._  '/IMhrKe 


Fig.  157. 

Table  5.' — Gages  for  Angles 
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H 

For  column  details,  6-in.  leg  O2  in.  thick  or  less)  against  column  shaft,  ot  = 
1^4  in.,  (73  =  3  in. 

For  diagonal  angles,  etc.,  gage  in  middle,  where  riveted  leg  equals  or  ex- 
ceeds 3  in.  for  Ji-in.  rivets,  33-2  in.  for  J-s-in.  rivets. 

Use  special  gages  to  adapt  work  to  multiple  punch,  or  to  secure  desirable 
details. 

'  From  Pocket  Companion,  20th  edition,  Carnegie  Steel  Co,  Pittsburgh,  Pa. 
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Table  6.' — Standard  Gages  and  Dimensions  for 
Channels 

Nominal    dimensions    are:    flange    width    and    "o"    in   eighths,    we 

thickness  in  sixteenths.     Gages  for  connection  angles  are  determ.ined 

hy  J-2  web  thickness. 

Standard  gages  may  be  varied  if  conditions  require. 
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Rivet  Spacing. — Rivets  are  spaced  according  to  rules  which  have  been  derived  from  e: 
perience  and  the  following  may  be  considered  as  standard: 

The  minimum  distance  between  centers  of  rivet  holes  is  usually  specified  to  be  not  let 

than  three  diameters  of  the  rivet;  but  the  distance  shall  preferably  be  not  less  than  3  in.  fc 

K-in.  rivets,  2>^  in.  for  ^^-in.  rivets,  2  in.  for  %-\n.  rivets,  and  \^/i  in.  for  yi-va..  rivets  (st 

Table  7).     The  maximum  pitch  in  the  Hne  of  stress  for  members  composed  of  plates  and  shape 

1  From  Pocket  Companion,  20th  edition,  Carnegie  Steel  Co.,  Pittsburgh,  Pa. 
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5  sometimes  specified  to  be  16  times  the  thickness  of  the  thinnest  outside  plate      k-^ 
t^ith  a  maximum  of  6  in.     The  following  spacing  is  preferable:  6  in.  for  %-in. 
ilivets,  5  in.   for  M-in.  rivets,   4:}i   in.  for  %-in.  rivets,  and  4  in.  for  M-Jn- 
ivets. 
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Fig.   15S. 


Table  7. — Minimum  Rivet  Spacing — All  Dimensions  in  Inches 


Diameter   of  rivet 

J  3 
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2i; 

-,,       1 

" x"  preferable 

1?4 

2 

2>2 

3 

For  angles,  in  built  sections,  with  two  gage  lines,  with  rivets  staggered,  the  maximum  pitch 
(see  Fig.  158)  in  each  line  may  be  twice  as  great  as  given  above.     Table  8  may  be  used  in  spac- 
ig  rivets  on  two  gage  lines.     The  accompanying  diagram^  (Fig.  159)  by  Louis  Metzger,  C.  E., 
lay  be  used  for  the  same  purpose. 


Pitch  Lines  in  Inches  fy) 
I    li  /j  ij  2  H  ^i  2^ 


Fig.   159. 

Illustrative  Problem. — Suppose  that  g  in  Fig.  IGO  is  2  in.,  what  is  the  minimum  value  of  p  that  can  be  used  for 
g-in,  rivets? 

DP  Table  8  shows  that  for  g  =  2  in.,  ;»  should  be  1?4  in. 

Fig.  159   shows   that   for  g  =  2  in.,  p   should   be    I'J-ie  in.     A   value  of  1^4  in.  would  be 
used,  as  rivet  spacing  should  not  be  given  in  16ths  wlien  it  is  possible  to  avoid  it. 


13 


When  two  or  more  plates  are  in  contact,  rivets  not  more  than  12  in.  apart  in 
cither  direction  should  be  used  to  hold  the  plates  together. 

The  minimum  distance  from  the  center  of  any  rivet  hole  to  a  sheared  edge 
'  tiould  not  be  less  than  \\^  in.  for  %-in.  rivets,  13'4  in.  for  ^^-in.  rivets,  IJ^  in.  for  %-in.  rivets, 
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and  1  in.  for  3^-in.  rivets;  and  to  a  rolled  edge  1^.  1^>  1  and  %  in.  respectively.     The  maximum 
distance  from  any  edge  should  not  be  greater  than  eight  times  the  thickness  of  the  plate. 

The  pitch  of  rivets  at  the  ends  of  built  compression  members  should  not  exceed  foui 
diameters  of  the  rivets  for  a  distance  equal  to  one  and  one-half  times  the  maximum  width  o: 
the  member. 
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Values  below  and  to  right  of  upper  zigzag  line  are  large  enough  for  ?4-in.  rivets. 
Values  below  and  to  right  of  lower  zigzag  line  are  large  enough  for  J^-in.  rivets. 

124e.  Driving  of  Rivets — Field  and  Shop. — Rivets  driven  in  the  shop  are  calle 
shop  rivets  and  those  driven  in  the  field  are  known  as  field  rivets. 

Rivets  may  be  driven  bj^  machines  or  by  hand.     Hand  rive 
[— :  ing  is  resorted  to  only  when  a  rivet  is  so  located  that  it  cannot  b 

■  *\'\/    I  p— ; — I  driven  by  a  machine;  also  on  small  erection  jobs  where  the  expens 
— 1^^^ — I  I""}""! — J  of  providing  power  would  be  too  great;  and  in  shops  when  a  fe- 


y'jh  '      \^         \^       rivets  have  to  be  driven  after  the  member  has  been  removed  fror 


full 


BuH-on  Head  and  nattered 
to  i  inch 

Fig.   161. 


Countersunk   Coontersunh  the  riveter 

Chipped  The  process  of  driving  a  rivet  is  as  follows :  The  rivet  is  heate 

to  the  proper  temperature,  inserted  in  the  rivet  hole  and  while  th 
head  is  held  tight  against  the  member,  a  head  is  formed  on  th 
end  of  the  shank  extending  out  to  the  hole  (see  Fig.  161). 

In  hand  riveting  the  end  of  the  shank  is  hammered  down  in  the  shape  of  a  head,  then 
hammer,  called  a  snap,  the  head  of  which  is  cup  shaped,  is  placed  over  the  rough  head  and  han 
mered  until  the  head  is  of  the  proper  shape.     A  dolly  bar,  which  has  a  cup  shaped  face,  is  hel 
against  one  head  of  the  rivet  while  the  other  head  is  formed. 

Machine  riveters  may  be  operated  by  compressed  air,  steam,  or  by  hydraulic  powe; 
Compressed  air  riveters  are  portable,  while  steam  and  most  hydraulic  riveters  are  stationarj 
Power  riveters  may  be  either  direct  or  indirect  acting;  by  means  of  a  direct  acting  riveter  it  i 
possible  to  keep  the  full  pressure  on  the  rivet  as  long  as  desired.  Very  satisfactory  work  ca 
be  perfomed  by  the  pneumatic  riveting  hammer  which  delivers  veiy  rapid  but  comparativel 
light  blows. 

Loose  Rivets. — Rivets  are  not  always  tight,  as  they  should  be,  after  driving.     When  a  loos 
rivet  is  found  it  should  be  removed,  if  possible,  and  another  driven  in  its  place.     Of  course 
if  a  rivet  takes  no  definite  stress  and  is  so  located  that  it  is  difficult  to  get  at,  judgment  shoul 
1  From  Pocket  Companion,  20th  edition,  Carnegie  Steel  Co.,  Pittsburgh,  Pa. 
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be  used  as  to  whether  or  not  it  should  be  removed, 
the  rivet  head  with  a  hammer. 

Clearance. — It  is  not  possible  to  drive  a  rivet  unless  there  is  ample  clearance  for  the  die 
on  the  riveter.  The  required  clearance  varies  with  the  size  of  the  rivet  (see  Figs.  1G2  and  163). 
Tables  9  and  10  give  the  rivet  spacing  necessary  for  driving  different  sizes  of  rivets. 
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Fig.  163. 
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Fig.  164. 
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Fig.  165. 


When  an  angle  is  crimped  over  a  member  the  spacing  used  should  not  be  less  than  that 
;iven  in  Fig.  164. 

124/.  Rivet  Failures.^If  in  Fig.  165,  the  forces  P  are  assumed  to  act  in  the 
iirections  indicated  by  the  arrows,  bar  A  will  move  to  the  left  and  bar  B  to  the  right.  Suppose 
.hat  before  the  forces  P  are  applied,  the  bars  are  riveted  together.     Now  if  forces  P  are  made 


^ 


Fig.   166. 


Fig.   167. 


Fig.   16S. 


-<^- 


•K^il 


arge  enough,  the  bars  will  move  as  indicated  in  Fig.  166  and  the  rivet  is  said  to  have  sheared 
)ff  in  single  shear.  If  three  bars  are  used,  as  shown  in  Fig.  167,  and  the  forces  are  made  large 
inough,  the  rivet  will  shear  off  again,  but  this  time  on  two  planes  (see  Fig.  168),  and  the  rivet 
3  said  to  have  failed  in  double  shear. 

Failures  as  shown  in  Fig.  166  and   168  will  occur  pro- 

iding  the  bars  are  wide  and  thick  enough  and  the  rivet  is 
ar  enough  from  the  ends  of  the  bars.  Suppose  that  bar 
1  in  Fig.  165  is  not  as  thick  as  bar  B;  then  instead  of  the 
ivet  shearing  off,  the  failure  might  occur  as  shown  in  Fig. 
69.  In  this  case  the  rivet  has  crushed  through  the  top 
)ar.  This  is  called  a  failure  in  bearing.  If  the  bar  is 
larder  than  the  rivet,  which  is  usually  the  case,  the  rivet  will  be  crushed  by  the  bar. 

124^.  Shearing  and  Bearing  Values. — Practically  all  rivets  used  in  structural 
work  have  to  resist  stresses  caused  by  shear,  bearing,  and  bending. 

Table  9.^ — Rivet  Spacing 
American  Bridge  Company  Standard 
Minimum  Stagger  for  Rivets 

(All  Dimensions  in  Inches) 


Fig.  169. 
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The  allowable  unit  stresses  on  rivets  are  not  at  all  uniform  throughout  the  country.  Value 
for  shear  on  shop  rivets  vary  from  9000  to  12,000  lb.  per  sq.  in.  and  the  corresponding  uni 
bearing  values  are  usually  twice  those  for  shear.  Values  for  field  driven  rivets  varj^  from  %  t< 
^i  of  those  for  shop  driven  rivets. 

The  value  of  a  rivet  in  single  shear  is  the  area  of  the  rivet  times  the  allowable  unit  stres 
in  shear  and  the  double  shearing  value  is  just  twice  as  great. 

Illustrative  Problem. — What  are  the  values  for  a  ?4-in.  rivet  in  single  and  double  shear  when  the  allowabl 
unit  shearing  stress  is  10,000  lb.  per  sq.  in.? 

The  area  of  a  Ji-in.  rivet  is  0.442  sq.  in.,  so  the  value  in  single  shear  is 

(0.442)  (10,000)   =  4420  1b. 
and  in  double  shear  it  is  just  twice  as  much,  or 

(4420)  (2)  =  S840  1b. 

The  bearing  value  of  a  rivet  is  the  diameter  of  the  rivet,  times  the  thickness  of  plat< 
times  the  allowable  unit  stress  in  bearing. 

Illustrative  Problem. — Wliat  is  the  bearing  value  of  a  ?4-in.  rivet  on  a  M-in.  plate  if  the  allowable  unit  bearir 
stress  is  20,000  lb.  per  sq.  in.? 
The  value  is 

(?4)(><)  (20,000)  =  7500  1b. 

Stresses  caused  by  bending  are  usually  considered  only  in  case  of  long  rivets  or  when  loo.' 
fillers  are  used.  For  long  rivets  a  certain  per  cent,  of  the  number  of  rivets  required  is  adde 
(see  Art.  124a).  When  rivets  carrying  stress  pass  through  loose  fillers,  the  number  of  rive^ 
shoiUd  be  increased  50  %  and  when  possible,  the  extra  rivets  should  be  outside  of  the  connecte 
member  (see  Fig.  218,  p.  288). 

Some  specifications  allow  one-half  the  value  of  a'button  head  rivet  for  a  countersunk  riv< 
if  shop  driven,  and  no  allowance  is  made  if  the  countersunk  rivet  is  hand  driven.  A  gener 
rule  is  to  allow  half  value  for  countersunk  rivets  in  a  plate  ^g  in.  thick  and  over,  and  nothir 
when  the  plate  is  less  than  %  in.  thick. 

R.  Fleming  recommends  the  following  rules  :2 

Rivets  with  countersunk  heads  shall  be  assumed  to  have  ^i  the  value  of  corresponding  rivets  with  full  hea( 
but  no  value  shall  be  allowed  for  countersunk  rivets  in  plates  of  a  thickness  less  than  one-half  the  diameter  of  t 
rivet. 

Rivets  with  flattened  heads  of  height  not  less  than  three-eighths  of  an  inch,  or  one-half  the  diameter  of  the  riv 
for  Jg-in.  rivets  and  less,  shall  be  assumed  to  have  %o  the  strength  of  rivets  that  have  full  heads. 

When  heads  are  flattened  to  less  than  these  heights,  they  shall  be  assumed  to  have  the  strength  of  countersui 
rivets. 

The  allowable  unit  stresses  on  turned  bolts  in  reamed  holes  are  usually  the  same  as  c 
field  rivets.  The  value  for  machine  bolts  is  considered  to  be  three-quarters  of  those  for  turn( 
bolts. 

124/i.  Rivets  vs.  Bolts  in  Direct  Tension. — Direct  tension  on  rivet  heads  shou 
not  be  allowed  except  possibly  in  unimportant  connections.  If  rivets  are  used  in  direct  tensic 
the  connection  should  be  compact,  the  material  amply  thick,  and  the  groups  of  rivets  shou 
be  symmetrically  arranged  about  the  line  of  action  of  the  pull  on  the  connection.     Not  less  the 

1  From  Pocket  Companion,  20th  edition,  Carnegie  Steel  Co.,  Pittsburgli,  Pa. 
«  See  Eng.   News,  Sept.  14,  1916. 


t 


Sec.  2-124t]  STRUCTURAL  MEMBERS  AND  CONNECTIONS  271 

4  rivets  should  be  used  in  a  connection  of  this  kind.  The  amount  of  stress  on  a  rivet  head  after 
the  rivet  is  driven  is  uncertain;  also  the  rivet  may  have  been  burned  in  heating  or  it  may  not 
have  been  driven  properly.  Rivet  heads  may  sometimes  snap  off  (1)  on  cooling  after  driving, 
(2)  in  extreme  cold  weather,  or  (3)  when  struck  with  a  hammer.  Instead  of  using  rivets  in 
direct  tension,  it  is  better  to  ream  out  the  holes  and  use  bolts  which  have  been  turned  to  a  driving 
fit. 

In  case  rivets  are  used,  the  value  of  a  rivet  should  not  be  greater  than  one-half  its 
single  shear  value.  In  using  turned  bolts,  a  value  of  10,000  lb.  per  sq.  in.  on  the  net  area 
at  the  root  of  the  thread  should  not  be  exceeded.  Also,  the  bearing  area  under  both  the 
head  and  nut  should  l)e  at  right  angles  to  the  axis  of  the  bolt. 

124i.  Use  of  Bolts. — Bolts  are  often  used  in  place  of  rivets  and  for  certain 
classes  of  work  are  preferable  because  they  have  proven  to  be  satisfactory  and  are  more 
economical. 

The  American  Bridge  Company  allows  the  following  unit  stresses  on  bolts  in  building 
construction. 

9000  lb.  per  sq.  in.  in  shear 
18,000  lb.  per  sq.  in.  in  bearing 

The  above  values  are  for  ordinary  bolts  in  holes  punched  K 6  in.  larger  than  the  size  of  the  bolt. 

A  washer  under  the  nut  will  allow  ample  threading  to  tighten  the  nut  properly.  If  a 
bolt  is  threaded  too  much,  the  bearing  area  will  be  reduced.  After  a  nut  is  tightened  up, 
some  method  of  locking  the  nut  should  be  used  to  prevent  it  from  working  off. 

R.  Fleming^  makes  the  following  suggestions  for  the  uses  of  bolts: 

It  is  believed  that  bolted  connections  are  permissible  for  the  following: 

Buildings  of  one  story,  not  of  great  height  and  acting  mainly  as  shelters.  Sucli  buildings  carry  no  shafting 
or  electric  traveling  cranes  and  unless  exposed  to  unusual  winds  there  is  little  reason  why  field  connections  may  not 
be  bolted  throughout. 

Buildings  for  temporary  use. 

Subordinate  framing  such  as  that  required  for  stairs,  doors,  windows,  partitions,  ceilings,  monitors,  pent  houses, 
curbs  and  railing.  It  is  often  desirable,  if  not  necessary,  to  have  framing  around  windows,  doors,  skylights,  and 
jimilar  work  bolted  in  order  to  secure  proper  adjustment  for  the  work  of  other  contractors. 

Purlins  and  girts,  except  where  they  form  an  integral  part  of  a  system  of  bracing.  There  is  little  reason  why 
the  clips  to  which  purlins  and  girts  are  attached  should  not  be  shop-bolted,  instead  of  shop-riveted,  to  main  mem- 
bers.    The  same  is  true  of  many  connections  for  subordinate  framing. 

Platform  and  floor  plates.  If  there  are  trucks  moving  on  the  floor,  or  if  there  is  shoveling  of  coal  or  material, 
3ountersunk-head  bolts  should  be  used.  An  indentation  in  the  head  is  convenient  to  hold  a  bolt  while  the  nut  is 
oeing  turned.     In  other  cases  bolts  with  button  heads  not  over  J^  or  ^6  in.  high  may  be  used. 

Connections  of  beams  to  beams  and  beams  to  girders  in  floors  that  do  not  support  machinery,  shafting  or 
rolling  loads.  This  is  an  important  item  in  a  many-storied  office  building  or  hotel.  If  the  connections  of  floor 
members  to  columns  are  riveted  the  structure  is  stiff  transversely  and  longitudinally.  Little  is  gained  in  stiffness 
ind  much  is  added  to  expense  by  riveting  connections  of  filling-in  members.  Moreover,  in  fireproof  construction 
;he  bolts  are  embedded  in  concrete,  a  fact  which  should  assure  any  doubter  that  there  is  no  chance  of  nuts  becoming 
oose.  The  specification  for  a  12-story  apartnient  house  in  New  York  City  has  the  clause:  "All  connections  within 
i  ft.  of  the  column  centers  must  be  riveted.  All  tank  and  sheave  beam  supports  must  be  riveted.  Other  connec- 
;ions  may  be  bolted."  In  this  particular  building  tlie  beams  upon  which  some  columns  depend  for  lateral  stiffness 
lo  not  connect  directly  to  the  columns,  but  frame  a  foot  or  two  away  into  other  connecting  beams.  Is  not  this  a 
!ommendable  clause  for  similar  cases? 

Bracing  connections  not  subject  to  direct  stress.  This  refers  particularly  to  the  intersection  of  bracing  angles 
nidway  between  trusses  and  columns.  An  over-zealous  inspector  will  sometimes  insist  upon  specifications  being 
arried  out  to  the  letter  and  that  rivets  be  used.  This  necessitates  riveting  from  a  special  rigging  at  a  cost  of  a 
lollar  or  two  per  rivet.     The  cost  would  not  be  a  valid  objection  provided  anything  were  gained  by  it. 

Connections  not  subject  to  shearing  stress  at  points  where  members  rest  upon  other  members. 

125.  Lap  and  Butt  Joints. — Joints  in  structural  work  may  be  divided  into  two  kinds — 
nz.,  the  lap  joint  and  the  butt  joint  (see  Fig.  170).  A  lap  joint  is  a  joint  in  which  the  members 
oined  extend  over  or  lap  on  each  other.  A  butt  joint  is  one  in -which  the  ends  of  the  members 
oined  come  together  or  butt  against  each  other. 

The  joints  shown  in  Figs.  170(a)  and  170(6)  are  eccentric  and  are  acted  on  by  the  moment 

^  Eng.  News-Rec,  Aug.  14,  1919. 
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Pt.  The  joints  however,  deform  and  the  bars  tend  to  take  the  position  shown  in  Figs.  17 
and  172.     This  reduces  the  moment  but  causes  some  direct  tension  on  the  rivet  heads. 

Rivets  may  be  arranged  in  different  ways.  Fig.  173(a)  shows  what  is  called  chain  riveting 
and  the  rivets  in  Fig.  173(6)  are  said  to  be  staggered. 

The  butt  joint  with  two  cover  plates  makes  the  most  satisfactory  splice  for  bars  and  plates 
It  is  also  used  for  splicing  both  tension  and  compression  members  in  a  structure.  Connection 
between  the  different  members  of  a  structure  may  be  in  the  form  of  a  lap  or  butt  joint  and  ver 
often  take  the  form  of  what  may  be  called  a  double  lap  joint  (see  Fig.  174). 
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125o.  Failure  of  Joints. — ^A  joint  may  fail  (1)  \>\  shearing  ofT  the  rivets  (se 
Figs.  166  and  168),  (2)  by  crushing  the  rivets  or  plate  (see  Fig.  169),  (3)  b^^  tearing  across  a  lir 
of  rivets  (sec  Fig.  175),  (4)  by  breaking  through  a  hole  (see  Fig.  176),  or  (5)  by  the  rivets  shearin 
out  the  plate  (see  Fig.  177). 


Fig.   171. 
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Fig.   172. 
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Fig.   173 


The  first  failure  may  be  prevented  bj'  using  more  or  larger  rivets;  the  second,  by  increasir 
the  thickness  of  plates,  or  by  increasing  the  number  or  size  of  rivets ;  the  third,  by  making  tl 
plates  wider,  that  is,  increasing  the  edge  distance;  the  fourth  and  fifth,  by  increasing  the  en 
distance. 

1256.  Distribution  of   Stress  in  Joints. — In  a  riveted  joint  or  connection,  it 
not  possible  to  determine  just  how  the  stress  is  distributed  either  through  the  members  joine 
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Fig.    170. 


or  the  rivets  joining  them.  The  following  assumptions  are  made:  (1)  that  the  stress  in  tensio 
members  is  uniformly  distributed  over  the  net  section;  (2)  that  the  rivets  in  compression  men 
bers  completely  fill  the  holes,  and  that  the  stress  is  uniformly  distributed  over  the  gross  are; 
and  (3)  that  each  rivet  takes  an  equal  part  of  the  stress.  (For  eccentric  connections,  s( 
Art.  130.) 

125c.  Friction  in  Joints. — The  stress  on  rivet  heads  due  to  shrinkage  exer 
great  pressure  on  the  members  joined  and  causes  friction  between  them.     Tests^  on  rivetc 
1  Tests  on  riveted  joints.     Proceedings  of  The  Am.  Ry.  Ens.  and  Maint.  of  Way  Asso.,  vol.  6,  1905,  p.  2'. 
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joints  have  shown  that  the  frictional  resistance  amounts  to  several  thousand  pounds  per  square 
inch  of  rivet  area.  In  these  tests  there  was  practically  no  movement  in  the  joint  until  consider- 
able load  had  been  applied.  For  the  next  few  thousand  pounds  increase  in  the  load,  there  was  a 
slif^ht  slip  evidently  due  to  an  adjustment  of  the  joint  after  the  frictional  resistance  had  been 
overcome.  After  this  adjustment,  the  rate  of  increase  in  slip  was  less  until  permanent  dis- 
tortion began. 

Frictional  resistance  is  not  considered  in  computing  the  strength  of  a  joint. 

125d.  Joint  Computations. — The  stresses  on  rivets  in  a  joint  are  usually  com- 
puted only  for  shear  and  bearing.  Whether  the  strength  of  a  joint  is  governed  by  shear  or 
bearing  depends  on  which  gives  the  lesser  value.  The  following  problems  are  solved  to  show 
the  method  of  procedure  in  computing  the  strength  of  a  joint.  In  each  case  a  ^^-in.  rivet  is 
used  and  the  allowable  unit  stresses  in  shear  and  bearing  are  10,000  and  20,000  lb.  per  sq.  in. 

Illustrative  Problem. — Assume  a  lap  joint  composed  of  two  J^-in.  bars  (see  Fig.  178).  Compute  the  strength 
Df  the  joint. 

The  rivet  is  in  single  shear  and  bearing  on  a  )-2-in.  bar.  The  area  of  the  rivet  is  0.442  sq.  in.  and  the  single 
shear  value  is 

(0.442)  (10,000)  =  4420  lb. 
The  bearing  value  is 

(^4)(>2)(20,000)  =  7500  1b. 
Since  the  value  in  bearing  is  the  larger,  the  strength  is  governed  by  the  shearing  value  and  is  4420  lb. 
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Pig.   17S.  Fig.   170. 

Illustrative  Problem. — Assume  one  of  the  bars  in  Fig.  178  to  be  }i  in.  thick.  Compute  the  strength  of  the 
joint. 

The  shearing  value  remains  the  same  as  in  the  preceding  problem  and  is  4420  lb.     The  bearing  value  is 

(Ji)  (>i)  (20,000)  =  3750  1b. 

The  bearing  value  governs  since  it  is  less  than  the  shearing  value,  and  the  strength  of  the  joint  is  3750  lb. 

Illustrative  Problem. — Assume  a  double  lap  joint  composed  of  two  H-in.  bars  and  one  }i-in.  bar  (see  Fig.  179), 
Compute  the  strength  of  the  joint. 

In  this  case  the  rivet  is  in  double  shear  and  (since  the  sum  of  the  thicknesses  of  the  two  outside  bars  is  3-^  in.) 
aring  on  a  j2-in.  bar.     The  value  in  double  shear  is 

(2)  (4420)   =  8840  lb. 

The  bearing  value  on  a  J'2-in.  bar  is  7500  lb.     The  strength  of  the  joint  is,  therefore,  7500  lb. 

Illustrative  Problem. — Assume  the  J-2-in.  bar  in  Fig.  179  to  be  changed  to  a  Js-in.  bar.  What  is  the  strength 
of  the  joint? 

The  shearing  value  is  the  same  as  in  the  preceding  problem,  or  8840  lb.  The  sum  of  the  two  M-in.  bars  is 
greater  than  Jg  in.,  so  the  J'g-in.  bar  governs  for  bearing.     The  bearing  value  on  the  Jg-in.  bar  is 

(H)  (?4)  (20,000)   =  5625  lb. 

Since  this  value  is  less  than  the  shearing  value,  the  strength  of  the  joint  is  5625  lb. 

For  members  carrying  stress,  not  less  than  two  rivets  should  be  used  in  a  connection. 
This  does  not  hold  for  lacing  bars. 

Table  11  will  save  considerable  work  in  computing  the  shearing  and  bearing  values  on 
rivets.  The  values  computed  in  the  above  problems  may  be  found  directly  from  the  table. 
k.t  10,000  lb.  per  sq.  in.,  the  shearing  values  in  the  table  for  a  ^4-in.  rivet  are:  single  shear,  4420 
b.;  double  shear,  8840  lb.  At  20,000  lb.  per  sq.  in.,  the  bearing  values  are  as  follows:  bearing 
an  a  3^-in,  plate,  7500  lb. ;  on  a  J-^-in.  plate,  3750  lb. ;  and  on  a  ^^-in.  plate,  5625  lb. 
18 
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Illustrative  Problem. — Using  the  table  for  rivet  values,  determine  the  number  of  ?4-in.  rivets  required  to 
con.iect  the  plates  shown  in  Fig.  180.     The  unit  values  in  shear  and  bearing  are  10,000  and  20,000  lb.  per  sq.  in. 
The  shear  between  plates  1  and  2  is  50,000  lb. ;  between  2  and  3  is  60,000  lb. ;  between  3  and  4  is  40,000  lb. ; 
and  between  4  and  5  is  70,000  lb. 

The  maximum  shear  occurs  between  plates  4  and  5,  and  is  70,000  lb.     From  the  table  the  allowable  shear  on 
a  ?4-in.  rivet  is  4420  lb.  and  the  number  of  rivets  required  for  shear  is 

70,000 
^420    =  ^^  '''"'^^ 

The  bearing  value  of  a  ?4-in.  rivet  on  a  H-in.  plate  is  7500  lb.  and  the  number  of  rivets  required  for  plates  2  or  4  is 
110,000 


For  plate  3 
For  plate  1 
For  plate  5 


7500 
100,000 
6560 
50,000 
4690 
70,000 


i/QOOOIb. 


15  rivets 
=  16  rivets 
=  10  rivets      moOOli 
=  15  rivets 


Fig.    180. 


5625 
From  the  above  it  is  seen  that  if  16  rivets  are  used,  all  the  shearing  and  bearing  stresses  will  be  taken  care  of. 

It  will  be  noted  that  in  this  connection  the  tendency  is  to  shear  each  rivet  at  four  different 
sections.  If  plate  1  is  placed  between  plates  2  and  3,  the  tendency  will  be  to  shear  each  rivet  at 
three  sections  and  the  maximum  shear  will  then  be  110,000  lb.  The  rivets  will  be  in  triple 
shear.  Thus  it  is  seen  that  by  properly  arranging  the  plates  the  minimum  shear  on  the  rivets 
may  be  obtained.  This  consideration  can  very  often  be  made  use  of  in  designing  connections 
in  which  a  number  of  plates  are  used. 

The  shearing  and  bearing  values  for  unit  stress  not  given  in  the  table  may  be  found 
from  the  table  as  explained  in  the  following  illustrative  problem. 

Illustrative  Problem. — Suppose  the  allowable  unit  shearing  stress  is  7500  lb.  per  sq.  in.  and  the  unit  bearing 
stress  is  15,000  lb.  per  sq.  in.     Find  the  shearing  value  of  a  ?:4-in.  rivet  and  also  the  bearing  value  of  a  Jf  6-in.  plate. 
At  7000  lb.  per  sq.  in.  the  shearing  value  is  3090  lb.  and  at  8000  lb.  per  sq.  in.,  it  is  3530  lb. 


Then  at  7500  lb.  per  sq.  in.,  the  value  is 


3090  +  3530 


3310  lb. 


In  the  same  way  the  bearing  value  is  found  to  be 


4590  +  5250 


=  4920  lb. 


The  same  results  may  be  obtained  by  another  method  as  follows:   At  7000  lb.  per  sq.  in.  the  shearing  value  is 

^15,000n 
,000/ 


3090  lb.     Then  at  7500  lb.  per  sq.  in.,  it  is  3090  (yoog)   =  3310  lb.,  and  the  bearing  value  is  4590  (j^^qoo)   =  ^^^0 


lb. 


^^■^i^^f 


Fig.  181. 


Fig.  182. 


Fig.  1S3. 


125e.  Net  Sections. — As  the  strength  of  a  tension  member  depends  on  its  net 
area,  care  should  be  taken  in  the  arrangement  of  rivets  so  that  the  area  will  not  be  reduced 
more  than  necessary  by  the  rivet  holes.  Consider  the  splice  shown  in  Fig.  181.  The  area 
of  the  plate  is  reduced  by  three  holes.  By  lengthening  the  splice  plates  (see  Fig.  182)  the  rivets 
can  be  arranged  so  that  the  area  of  the  plates  will  be  reduced  by  only  two  holes.  A  better  ar- 
rangement is  shown  in  Fig.  183.  Here  the  area  of  the  plates  is  reduced  by  only  one  hole.  In 
this  case  the  area  of  the  splice  plates  is  reduced  by  three  holes  but  it  is  much  more  economical 
to  increase  the  area  of  the  spUce  plates  which  are  short,  than  the  area  of  the  main  plates  which 
may  be  of  considerable  length.  Of  course,  there  are  cases  in  which  a  more  economical  splice 
may  be  designed  if  the  rivets  are  so  arranged  that  the  area  of  the  splice  plates  is  not  reduced  too 
much  (see  Fig.  198,  p.  280). 

In  computing  the  net  area  of  a  member,  the  diameter  of  the  hole  is  considered  to  be  yi  in. 
greater  than  the  diameter  of  the  rivet  used.  For  countersunk  rivets  the  diameter  of  the  holes 
is  usually  considered  to  be  ^  in.  greater  than  the  diameter  of  the  rivet  when  the  thickness  of  the 
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member  is  %  in.  or  less.     Table  12  gives  the  areas  in  sq.  in.  to  be  deducted  for  different  sizes 
of  holes  through  different  thicknesses  of  metal. 

Table  12. ^ — Reduction  of  Area  for  Rivet  Holes 

(Area  in  Square  Inches  =  Diameter  of  Hole  X  Thickness  of  Metal) 


Thick- 

Diameter of  hole  (inches)  . 

ness  of 
metal 

1 

(inches)     3-4 

H      He 

^8    iHe 

H 

1^6 

% 

^He 

1 

IMe 

IH 

He 

0.05 

0.09 

0.11 

0.12 

0.13 

0.14 

0.15 

0.16 

0.18 

0.19 

0.20 

0.21 

H 

0.06 

0.13 

0.14 

0.16 

0.17 

0.19 

0.20 

0.22 

0.23 

0.25 

0.27 

0.28 

He 

0,08 

0.16 

0.18 

0.20 

0.21 

0.23 

0.25 

0.27 

0.29 

0.31 

0.33 

0.35 

H 

0.09 

0.19 

0.21 

0.23 

0.26 

0.28 

0.30  0.33 

0.35 

0.38 

0.40 

0.42 

Vie 

0.11 

0.22 

0.25 

0.27 

0.30 

0.33 

0.36  0.38 

0.41 

0.44 

0.46 

0.49 

M 

0.13 

0.25 

0.28 

0.31 

0.34 

0.38 

0.41 

0.44 

0.47 

0.50 

0.53 

0.56 

He 

0.14 

0.28 

0.32 

0.35 

0.39 

0.42 

0.46 

0.49 

0.53 

0.56 

0,60 

0.63 

% 

0.16 

0.31 

0.35 

0.39 

0.43 

0.47 

0.51 

0,55 

0.59 

0.63 

0,66 

0,70 

iHe 

0.17 

0.34 

0.39 

0.43 

0.47 

0.52 

0.56 

0.60 

0.64 

0.69 

0.73 

0.77 

?i 

0.19 

0.38 

0.42  0.47 

0.52 

0.56 

0.61 

0.66 

0.70 

0.75 

0.80 

0.84 

1^6 

0.20 

0.41 

0.46  0.51 

0,56 

0.61 

0.66 

0.71 

0.76 

0.81 

0.86 

0.91 

y^ 

0.22 

0.44 

0.49  0.55 

0.60 

0.66 

0,71 

0.77 

0.82 

0.88 

0.93 

0.98 

1^6 

0.23 

0.47 

0.53  0.59 

0.64 

0.70 

0,76  0.82 

0.88 

0,94 

1.00  1  ,05| 

1 

0.25 

0.50 

0.56 

0.63 

0.69 

0.75 

0.81 

0.88 

0.94 

1,00 

1,06 

1  .13 

iHe 

0.27 

0.53 

0.60 

0.66 

0.73 

0.80 

0.86 

0.93 

1.00 

1.06 

1.13 

1,20 

IH 

0.28 

0.56 

0.63 

0.70 

0.77 

0.84 

0.91 

0.98 

1,05 

1.13 

1.20 

1.27 

IHe 

0.30 

0.59 

0.67 

0.74 

0.82 

0.89 

0.96 

1.04 

1.11 

1.19 

1.26 

1,34 

m 

0.31 

0.63 

0.70 

0,78 

0.86 

0.94 

1.02 

1.09 

1.17 

1.25 

1.33 

1.41 

IVie 

0.33 

0.66 

0.74 

0.82 

0.90 

0.98 

1.07 

1,15 

1.23 

1.31 

1.39 

1.48 

1« 

0.34 

0.69 

0.77 

0.86 

0.95 

1.03 

1.12' 1.20 

1.29il.38 

1.46 

1.55 

nie 

0.36 

0.72 

0.81 

0  .90  0  .99 

1.08 

1.17  1.25 

1.35  1.44 

1.53 

1.62 

IH 

0.38 

0.75 

0.84 

0  .94  1  .03 

1.13 

1.22  1.31 

1.41  1.50 

1.59 

1.69 

a 


l^tt^/ 


^ 


Fig.  184. 


Illustrative  Problem. — What  is  the  net  area  of  a  bar  4  in.  wide  and  >2  in.  thick,  with  one  hole  for  a  ?4-in. 
rivet? 

The  diameter  of  the  hole  to  be  deducted  is  ^i  +  H  =  l-s  in.  From  Table  12  the  area  to  be  deducted  is  0.44 
sq.  in.     The  net  area,  therefore,  is  (4)0^)  —  0.44  =  1.56  in. 

The  proper  design  of  a  tension  member  requires  that  the  net 
area  should  be  computed  on  diagonal  as  well  as  on  transverse  lines. 
That  is,  the  net  area  should  be  computed  not  only  on  line  aa  (see 
Fig.  184)  but  also  on  line  abed.  Some  specifications  require  that  the 
net  area  should  be  considered  on  line  abed  unless  it  exceeds  that  on 
aa  by  30%.  The  usual  method,  however,  is  to  make  the  net  area 
on  line  abed  equal  to  that  on  line  aa.  When  this  method  is  used 
it  is  desirable  to  find  the  pitch  p  (see  Fig.  184)  which  will  give  equal  areas  on  sections  aa  and 
abed. 

Let  w  be  the  width  of  the  member;  g,  the  distance  between  gage  lines;  and  d  the  diameter  of  the  hole  to  be  de- 
ducted. The  net  width  on  aa  will  then  be  lo  —  d.  On  section  abed,  the  net  width  will  he  w  —  g  +  -y/g-  +  p'  —  2d. 
Equating  these  two  widths, 

w  —  d  =  vj  —  g  -\-  \/(72  -\-  j)2  —  2rf 
or  ■%/<?'  +  P'  =  w  —  d  —  «'-rff  +  2d  =  ff  +  d 

Squaring  ff-  +  p-  =  ff^  +  2gd  +  d- 

and  p2  =  2gd  +  d^ 

or  p  =   y/2gd  +  d^ 

Table  13  gives  different  values  of  p  for  corresponding  values  of  g  for  Ji-  and  Js-in.  rivets. 
»  From  Pocket  Companion,  20th  edition,  Carnegie  Steel  Co.,  Pittsburgh,  Pa. 
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If  the  rivets  are  arranged  as  shown  in  Fig.  185,  the  value  of  p  will  be  one-half  as  large  and  the  formula  will  be 

p  =  K  V2gd+  d2 

Table  13.' — ^Stagger  of  Rivets  to  Maintain  Net  Section 

(American  Bridge  Company  Standard) 

Dimensions  in  inches 


V{a')^  +  P^  -  3d 


d  =  diameter  of  rivet  +  J-g  in. 

g  -  d  =  -^Jg-i  +  p2  —  2d  g'  —  2d 

p  =   \/2gd  +  d"-  P  =  y/2g'd  -f  d^ 

g  =  sum  of  gages  minus  thickness  of  angle. 

5^-in.  rivets,  can  be  taken  at  y%  in.  less  than  for  ^i-\u.  rivets. 

1-in.  rivets,  can  be  taken  at  %  in.  more  than  for  J^-in.  rivets. 


The  following  method  takes  into  consideration  the  stress,  on  a  diagonal  section,  caused  by  a  combination  of 
the  shear  (parallel  to  the  section)  and  the  tension  normal  to  the  section.  From  the  formulas  for  maximum  stress 
on  a  diagonal  section  as  worked  out  by  V.  H.  Cochrane',  the  following  formula  has  been  derived  by  T.  A.  Smith:' 


Ji-in. 

Vi-in. 

^i-'in. 

J^8-in. 

rivet 

rivet 

rivet 

rivet 

0 

g' 

V 

V 

P 

P 

1 

m 

m 

5 

3H6 

3H6 

1>2 

m 

2 

5yi 

3>i 

3M 

2 

2M6 

2H 

6 

3H 

3?^ 

2yi 

2« 

2^6 

6H 

3>2' 

3« 

3 

2K6 

2H 

7 

3% 

3Vs 

3H 

2^16 

21^6 

7K 

3« 

4 

4 

21^6 

3 

8 

3K 

4K 

4>2 

2151^6 

3^6 

8>2 

4 

43.i 

X  =^- 


2(g'  +  P'  -  rfVg'  +  pO 
rf(ff  +  Vff2  +  4p2) 


in  which  g  is  the  gage  (see  Fig.  186),  d  is  the  diameter  of  the  hole  (diam.  of  rivet  +  >8  in.), 
p  is  the  pitch,  and  X  is  the  amount  of  rivet  hole  to  be  deducted  between  the  gage  lines. 
Values  of  A"  in  the  diagram  (Fig.  187)  were  worked  out  using  the  above  formula.  This  dia- 
gram is  for  J-8-in.  rivets  and  d  was  taken  as  1  in.  ^'  ^°-    ^^'^■ 

In  computing  the  net  width  of  a  tension  member  by  this  method,  the  number  of  rivets  n,  to  be  deducted,  is 
as  follows  (see  Fig.  188);  considering  J-g-in.  rivets 

n  =  1  +  Xi  +  X2  +  X3 
where  A'l,  X2,  and  X3  are  obtained  from  the  diagram  by  using  the  corresponding  values  of  p  and  g  for  each  diagonal 
distance.     The  value  1  is  for  the  outside  halves  of  the  two  outside  rivets  and  the  values  A'l,  Xi,  and  A'3   are  the 
values  to  be  deducted  from  the  gages  gi,  gi,  and  ffs.     The  net  width,  then,  would  be 

w  -  (1  -t-  Xi  -\-  X2  +  Xi) 
A  larger  value  of  n  might  be  obtained  by  omitting  rivet  2  and  considering  section  1-3-4.     The  gage  for  1-3  would 
then  be  gi  +  t/a  and  the  corresponding  value  of  p  would  be  the  horizontal  distance  between  1  and  3.      In  any   casti, 
the  net  area  to  be  used  will  be  for  the  section  giving  the  largest  value  of  n. 

Consider  the  values  for  pi.  p2.  pa,  gi,  gi,  and  gz  as  given  on  Fig.  188.      Compute  the  net  section  assuming  the 
plate  to  be  >2  in.  thick,  and  the  holes  to  be  for  J^-in.  rivets. 
Considering  all  the  holes 

>  n  =  1  +  OA  +  0.93  +  0.4  =  2.73 

1*^  I  Considering  1-3-4 
^  M  =  1  +  0.974  +  0.4  =  2.374 


-<^ 


p4 

p,        -op  Since  the  larger  value  of  n  is  obtained  by  considering  all  the  holes,  the  net  section  will  be 

through  all  the  holes,  and  is 

(10  -  2.73)>2    =  3.64  sq.  in. 
For  two  lines  of  rivets  (see  Fig.  186),  the  value  of  p,  such  that  only  one  hole  must  be  deducted,  is  found  where 
thegageline  intersects  the  horizontal  line  AA  inFig.  187.     Suppose  3  =  3  in.,  then  in  order  that   only  one  hole 
must  be  deducted,  p  would  have  to  equal  3.32  in.  or  SHa  in- 

For  three  lines  of  rivets    (see   Fig.    189)  the  value  of  p,  such  that  only  two  holes  must  be  deducted,  is  found 

where  the  gage  line  intersects  the  line  BB  in  Fig.  187.     If  ff  =  2  in.,  then  p  would  have  to  equal  1.82  in.  or  l^fs  in. 

For  three  lines  of  rivets  (see  Fig.  190)  the  value  of  p,  such  that  only  two  holes  must  be  deducted,  is  found  from 

the  location  of  a  vertical  line  cutting  gage  lines  gi  and  32  at  an  equal  distance  above  and  below  the  line  BB  in  Fig. 

187.     li  gi  =  2  in.  and  ff2  =  3  in.,  the  value  of  p  from  the  diagram  is  found  to  be  2.05  in.  or  2H6  in.     This  result 

may  be  checked  as  follows: 

For  p  =  2.0.5  and  g  =  3  X  =  0.63 

0  37 
For  p  =  2 .  05  and  g  =  2  X  =  ~^ 

'  From  Pocket  Companion,  20th  edition,  Carnegie  Steel  Co.,  Pittsburgh,  Pa. 

2  See  Eiig.  News.  April  23,  1908. 

3  See  Eng.  News,  May  6,  1915. 
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The  diagram  (Fig.  187)  may  be  used  for  any  other  size  of  rivet  by  dividing  both  p  and  g  by  the  size  of  rivet 
plus  '•s  in  and  by  multiplying  the  value  of  1  by  the  same  number. 

Suppose  the  holes  in  Fig.  186  are  for  ^i-in.  rivets.     Find  n  for  p  =  3.5  in.  and  ff  =  7  in. 


The  diagram  shows  that  X 


0.644.     Then 


4  in. 


7  -^  ^   =  8  in. 


n  =  (1)(|)   +  0.644 


125/.  Design  of  Joints. — The  joints  at  points  where  members  are  spliced  or  at 

points  where  the  stress  in 
one  member  is  transferred 
to  another,  should  be  very 
carefully     designed.      A 


Fig.  188. 

joint  should  be  strong 
enough  to  develop  the 
member  joined  even 
though  the  computed 
stress  in  the  member  may 
be  less. 


^^ 


<^ 


P 

Fig. 


189. 


Fig.  190. 


The  solutions  of  the 
following  problems  show 
how  the  different  tables 
may  be  used  in  the 
design  of  joints. 


>( 


H 


Fig.  191. 


2  3  4  5 

Values  of  p  in  Inches 


FiQ.  187. 


-Diagram  for  values  of  X  to  be  deducted  for  J-^-in.  riveta  (rf 
in  computing  net  sections. 


niustrative  Problem. — A 
plate  8XH  in.  carrying  55,500 
lb.  is  to  be  spliced.  Assuming 
the  allowable  unit  tensile 
value  of  the  plate  at  16,000 
shear  and  25,000  in   bearing,  design  a   butt  joint   with  two  cover 


1  in.) 


lb.  and  the  unit  values  for  rivets  at  12,000 
plates  (see  Fig.  191).      Use  ?4-in.  rivets. 

The  best  possible  arrangement  of  rivets  will  reduce  the  area  of  the  plate  by  one  hole.     Table  12  shows  that 
the  area  to  be  deducted  for  one  hole  is  0.44  sq.  in.     The  net  area,  therefore,  is  (8)C>2)  -  0.44  =  3.56  sq.  in.,  and 

55  500 
i«  satisfactory  since  the  required  area  is  .„'  „„  =  3.47  sq.  in.     Since  the  area  of  the  splice  plates  will  be  reduced  by 
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more  than  one  hole,  a  thicknesa  of  Hs  in-  for  each  plate  will  be  assumed.  This  gives  a  total  thickness  of  Js  in., 
which  is  greater  than  that  of  the  plates  spaced.  Table  11  shows  that  the  value  of  a  ^i-in.  rivet  in  bearing  on  a 
i-i-in.  plate  is  9000  lb.  for  a  bearing  value  of  24,000  lb.  per  sq.  in.  At  25,000  lb.  per  sq.  in.  the  corresponding  bear- 
ing value  is  9000  (^M5?")  =  9375  lb.     The  shearing  value  is  found  directly  from  the  table  and  is  10,600  lb.  since 

the  rivets  are  in   double  shear.      The   number   of   rivets   required  is, 
therefore, 


55,500 
9375 


SS,5dClb. 


-O-'^ 


^ 


L±L 


The  rivets  will  be  arranged  as  shown  in  Fig.   192,  which  shows  that  the      -----^  -      ^   j    (^  , 
area  of  each  splice  plate  is  reduced  by  three  holes.     Table  12  shows  that 
the  area  to  be  deducted  for  one  hole  on  a  Me-in.  plate  is  0.27  sq.  in. 
Since  there  are  two  plates  and  three  holes  in  each  plate,  the  total  area  °    ' 

to  be  deducted  is  Fig.    192. 

(3)  (0.27)  (2)   =  1.42  sq.  in. 

and  the  net  area  of  the  cover  plates  is 

(2)(8)(^6)  -  1.42  =  3.58  sq.  in. 
which  is  satisfactory.     The  net  area  of  the  8  X  >2-in.  plate  on  section  66  is  4  —  (2) (0.44)  =  3.12  sq.  in. 


the  stress  transmitted  to  the  splice  plates  by  each  rivet  is 


55,000 


Since 

9250  lb.  (assuming  each  rivet  to  take  the  same 

46,350 


amount  of  stress) ,  the  stress  in  the  plate  at  section  66  is  55,500  -  9250  =  46,350  lb.  The  required  area  is  j,^-qqq  = 
2.9  sq.  in.,  and  the  area  is  satisfactory.  On  section  cc,  the  net  area  is  2.68  sq.  in.  and  the  required  area  is  1.73 
sq.  in. 

Illustrative  Problem. — Using  the  same  size  rivets  and  the  same  unit  stresses,  design  a  lap  joint  for  the  above 
plates. 

In  this  joint  the  rivets  will  be  either  in  bearing  on  a  J'i-in.  plate,  or  in  single 
shear.  The  bearing  ^alue  is  9375  lb.  and  the  shearing  value  is  5300  lb.  so  the 
latter  value  governs  and  the  number  of  rivets  required  is 

55,500     ,_  ,         ,,    .     , 
--„-   =  10.5,  or  11  rivets 
5300 

The  rivets  should  be  arranged  as  shown  in  Fig.  193.     The   net   area  on  section 

66  is  3.12  sq.  in.  and  the  required  area  is 

55,500-  5300 


I  rh     <t*    ih    m 


¥=?" 


3^ 

— rjj> 


c 
Fig.  193. 


=  3.14  sq.  in. 


What  should  be  the  pitch  so  that 


16,000 
which  is  close  enough. 

Illustrative  Problem. — The  rivet  pitch  and  spacing  are  shown  on  Fig.  193. 
only  one  hole  will  have  to  be  deducted  on  section  aal 

p  =  }iV2gd  +  d^=  }riV2aH)Gs)  +  (Js)^   =  0.90  in. 

This  value  checks  with  Table  13  which  gives  0.91  in.     (J-i  of  the  interpolated  value  for  g  equals  IJg.)     Table  8  shows 

that  p  could  not  be  less  than  IJ-g  in.   for  a  Ji-in.   rivet. 

If  the  other  method  is  used,  will  more  than  three  holes  have  to  be  deducted  on  section  cc7 

Fig.  187  shows  that  only  three  holes  would  have  to  be  deducted  if  >s-in.  rivets  were  used  so  no  more  will  have 

to  be  deducted  for  ^i-in.  rivets. 

125^.  Efficiency  of  a  Joint. — The  ratio  of  the  strength  of  a 
joint  connecting  two  members  to  the  strength  of  either  member,  is  called 
the  efficiency  of  the  joint. 
126.  Splices  in  Trusses. 

126o.  Compression  Members. — The  usual  method  of  splic- 
ing a  compression  member  is  to  mill  the  ends  of  both  members  and  to  use 
splice  plates  with  a  couple  of  rows  of  rivets  on  each  side  of  the  splice  to  hold 
the  members  in  line  (see  Fig.  194).  A  splice  of  this  kind  should  be  made  at  or  near  a  joint, 
preferably  far  enough  from  the  joint  so  that  the  splice  connections  will  not  interfere  with  the 
joint  details.  This  method  of  splicing  is  entirely  satisfactory  for  direct  stress  providing  the 
ends  of  both  members  are  milled  properly.  When  the  ends  are  not  milled,  the  splice  plates 
and  number  of  rivets  should  be  sufficient  to  transfer  all  the  stress  across  the  splice  as  no  re- 
liance should  be  allowed  on  the  abutting  ends.  If  only  a  part  of  a  member  is  spliced,  the 
splice  should  be  made  strong  enough  to  develop  the  part  spliced  even  though  the  ends  may  be 
milled.  To  illustrate,  suppose  only  the  web  plate  in  Fig.  195  is  to  be  spliced;  then  even 
though  the  ends  of  the  web  plate  are  milled,  no  allowance  should  be  made  for  the  milling. 
The  splice  plates  and  number  of  rivets  should  be  sufficient  to  develop  the  plate  spliced.     This 


L  _  _^___  fiM  *■  j  ■  ■  -  - 


Fig.  194. 
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Web  plate 
tob^  sp/iced 


applies  particularly  to  splices  in  plate  girder  flanges  where  the  different  parts  of  the  flange  are 

spliced  at  different  points. 

If  the  member  is  subjected  to  bending,  the  resultant  stress  on  the  section  should  be  com- 
puted by  the  method  given  in  Sect.  1,  Art.  102.  If  there  is  tension  on  any  part  of  the  sphce  due 
to  bending,  the  splice  and  number  of  rivets  should  be  sufficient  to  properly  transfer  the  stress 
across  the  splice.  The  method  used  in  a  case  of  this  kind  is  to  assume  a  spUce  and  then  to 
compute  the  fiber  stress.     Two  or  more  trials  may  be  necessary  to  obtain  a  satisfactorj^  spUce. 

^^^  1266.  Tension  Members. — In  light  rooi 

*~~^c~^        l-^_0_0_^-4_0_^0— ^)  trusses  the  bottom  chord  splices  are  usually  located  sc 

'  the  gusset  plate  can  be  used  as  a  splice  plate  (see  Figs. 

196  and  197).     Sphces  may  be  made  at  points  outside 

of  the  joint  and  no  part  of  the  gusset  plate  used  (see 

A  \^         [i)    6    d)  --^-r^— 0~~^  "^  Fig.  198).     This  simplifies  the  computations,  especially 

p       j,^.  when  the  members  spliced  carry  a  large  total  stress. 

When  the  splice  is  made  as  shown  in  Fig.  196,  a 
strip  of  gusset  plate  equal  to  the  depth  of  the  member  spliced  may  be  considered  as  spUce 
plate.  A  splice  plate  should  be  used  on  the  bottom  of  the  members  spliced  (see  Figs.  19f 
and  197).  Of  course,  there  are  splices  where  a  bottom  plate  would  not  be  worth  much  (see 
Fig.    199).     Better  increase  the  thickness  of  the 

gusset  plate,  if  necessary,  and  cut  the  plate  as  rN 

shown  by  dotted  line. 

Gussel- 
pIcrfB 


Fig.  196. 


Fig.   197. 


Fig.   198. 


If  part  of  the  gusset  plate  is  used  as  sphce  plate,  it  is  well  to  investigate  the  stress  at  tht 
bottom  of  the  plate.     This  may  be  done  as  follows   (see  Fig.  200): 

Taking  moments  about  o  on  axis  aa  through  the  center  of  gravity  of  the  plate 

Mo  =  &\y  -  Sx 


Gussei 
phfe 


Fig.  199. 


Fig.   200. 


where  S  is  the  stress  in  member  1,  and  &\  is  the  total  value  of  the  rivets  connecting  member  2  to  the   gusset  plate 
Then  fiber  stress  due  to  bending  is 

I 


/  = 


n   which  c  is  the  distance  shown  on  Fig.  200  and  1  is  the  moment  of  inertia  of  the  plate  about  axis  aa  througb 
the  center  of  gravity  of  the  plate. 

To  this  value  of  /  add  the  unit  stress  due  to  direct  tension  on  the  part  of  the  gusset  plate  considered  as  splice 
plate.  This  stress  is  the  total  value  of  the  connection  between  member  3  and  the  gusset  plate  di^^ded  by  thi 
area  of  that  portion  of  the  gusset  plate  considered  as  splice  plate. 

In  designing  splices  for  built-up  members,  great  care  should  "be  taken  to  arrange  the  splice 
material  and  rivets  so  each  part  of  the  member  will  be  amply  spliced.  This  appUes  to  both 
tension  and  compression  splices. 
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127.  Plate  Girder  Web  Splices. — Plate  girder  webs  may  be  spliced  in  a  number  of  different 
vays  (see  Figs.  201  to  205  inclusive).  The  kind  of  splice  to  be  used  in  any  given  case  depends 
somewhat  on  the  assumptions  made  in  the  design  of  the  girder. 

The  splice  shown  in  Fig.  201  consists  of  a  plate  on  each  side  of  the  web.  When  no  part 
>f  the  web  is  considered  as  flange  area,  this  splice  is  designed  for  shear  only.  It  may  be  designed 
"or  the  maximum  shear  the  web  is  capable  of  carrying,  or  for  the  maximum  shear  at  the  splice. 
More  than  enough  rivets  should  be  used  on  each  side  of  the  splice  to  carry  the  total  shear  con- 
sidered in  the  design;  usually  not  less  than  two  rows  of  rivets  on  each  side  of  the  splice  are  used. 
Unless  the  splice  is  made  at  a  point  where  there  is  considerable  excess  flange  area,  a  few  extra 
rivets  should  be  used.  Even  though  no  part  of  the  web  is  considered  as  flange  area  in  designing 
the  girder,  the  web  will  resist  some  of  the  stresses  caused  by  bending.  For  this  reason  the 
ivets  in  the  splice  plates  will  be  over-stressed  if  just  enough  are  used  to  provide  for  shear. 
This  splice  is  also  used  when  a  part  of  the  web  is  considered  as  flange 
area,  especially  when  the  splice  is  made  at  a  point  where  there  is  an 
excess  of  flange  area.  If  the  splice  is  made  at  a  point  where  the  shear 
is  small,  the  design  is  usually  made  for  the  maximum  moment  the  web 
is  capable  of  carrying.  At  other  points  the  shear  should  be  considered 
in  the  design  and  the  corresponding  moment  used. 

The  splices  shown  in  Figs.  202  and  203  are  used  when  a  part  of  the 
web  is  considered  as  flange  area.  The  splice  in  each  case  consists  of  six 
plates,  four  plates  marked  A  and  two  plates  marked  B.     In  Fig.  202, 
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Fig.   201. 
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JL 


1 


ro 


Fig.  202. 


Fig.  203. 


Fig.   204. 


Fig.  205. 


plates  A  are  usually  designed  for  moment  and  plates  B  for  shear.  In  Fig.  203,  plates  B  are 
designed  for  shear  and  moment  and  plates  A  for  moment.  In  this  design  the  splice  is  supposed 
to  be  equivalent  to  the  web  at  all  points.' 

The  splices  shown  in  Figs.  204  and  205  are  sometimes  used  by  designers  who  claim  that  the 
other  splices  do  not  provide  for  horizontal  shear  in  the  web  at  the  edge  of  the  flange  angles. 

When  a  splice  is  made  near  the  end  of  a  cover  plate,  the  cover  plate  may  be  extended  and 
used  in  place  of  plates  A  in  Figs.  202  and  203  (see  Fig.  206).     When  this 
is  done,  plate  B  in  Fig.  202  should  be  the  full  depth  between  flange  angles. 
In  Fig.  203  the  splice  will  not  be  equivalent  to  the  web  at  all  points  when 
the  cover  plate  is  used  in  place  of  plate  A. 

The  following  problems  are  worked  out  to  show  the  computations 
in  designing  the  kind  of  splices  shown  in  Figs.  201  and  202.  These  splices 
will  be  stronger  than  necessary  because  they  are  designed  to  develop  the 
web  in  bending  and  in  addition  to  carry  shear.  In  actual  design  the 
moment  caused  by  the  loading  which  gives  the  shear  should  be  used  or  the  maximum 
moment  at  the  section  and  the  corresponding  shear.  To  illustrate,  consider  a  girder  carrying  a 
fixed  uniform  load.  If  the  splice  is  made  at  the  center  (which  is  not  usually  done)  where  the 
shear  is  zero,  the  splice  should  be  designed  for  moment  only.  The  usual  method  is  to  make  the 
splice  as  strong  in  resisting  bending  stresses  as  the  web  would  be  if  it  were  not  spliced.  If,  on 
the  other  hand,  the  splice  is  made  at  say  the  quarter  point,  both  shear  and  moment  should  be 
considered  in  designing  the  splice.  The  values  used  should  be  those  computed  at  the  point 
where  the  splice  is  made.     In  this  case,  neither  the  shear  nor  moment  will  be  a  maximum ; 

iSee  vol.  3  of  "Modern  Framed  Structures"  by  Johnson,  Bryan  and  Turneaure  for  a  treatment  of  this  sphce. 


Fig.  206. 
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the  shear  will  be  }4  of  the  maximum  on  the  girder  and  the  moment  p^^.  The  design,  however, 
brings  out  all  the  necessary  computations  in  the  design  of  web  splices. 

Illustrative  Problem. — Assume  a  plate  grider  68H  in.  back  to  back  of  flange  angles.  Web  plate,  68  X  ?^  in. 
Flange  angles,  6  X  6  X  He  in.  with  one  cover  plate  14  X  He  in.  and  one  14  X  H  in.     Ji-in.  rivets. 

Rivet  values,  shear 12,000  lb.  per  sq.  in. 

bearing 24,000  lb.  per  sq.  in. 

Shear  on  web  (gross  area) 10,000  lb.  per  sq.  in. 

Tension  extreme  fiber 16,000  lb.  per  sq.  in. 

Shear  at  point  of  splice 100,000  lb. 

The  splice  plates  are  assumed  to  be  56 J^  in.  deep  (see  Fig.  207).  The  area  of  the  web  considered  as  part  of  the 
flange  area  is  >g  of  the  gross  web  area.  One-eighth  of  web  area  is  3^  X  68  X  J'g  =  3.19  sq.  in.  and  is  assumed  to 
act  at  the  center  of  gravity  of  the  flange  area  which  is  67.08  in.  (see  Fig.  207)  between  center  of  gravity  of  top  and 
bottom  flanges. 

The  splice  will  be  designed  assuming  that  J^  of  the  web  area  carries  its  full  moment. 

(3.19)(67.08)(16,000)(|^~")    =  3,270,000  in.-lb. 

The  stress  on  the  extreme  fiber  is  assumed  to  be  16,000  lb.  per  sq.  m.  (Some  designers  compute  the  stress 
on  the  girder  flange  and  use  the  computed  stress  in  designing  the  splice.)  The  stress  at  the  center  of  gravity  of 
the  flange  would  then  be 

(16,000)  ('rr-^)   =  15,300  lb.  per  sq.  in. 

Web  splices  of  this  kind  may  be  designed  to  take  the  same  moment  as  the  gross  web  plate   does.     The   moment 

would  then  be 


c  6 


in  which 


/   = 


(16,000)  (68> 


70.13 

For  the  gross  area  this  stress  would  be 
(15,510)  (23.54) 


15,510  lb.  per  sq.  in.,  net  area. 


Then 


FiQ    207. 


M  = 


28.51 
(12,810)(%)(f.8)(68) 


=  12,810  lb.  persq.  in. 


=  3,700,000  in.-lb. 


The  above  method  of  computing  M  assumes  that  there  are  no  holes  in  the  web.     If  holes  4  in.  apari  are  allowed 
for,  the  value  of  M  will  be  (assuming  J-g-in.  rivets  are  used) 

bdV 
8 


M 


in  which  /  =  15,510  lb.  per  sq.  in.  and 


M  = 


(15,510)  (^)  (68)  (68) 


3,360,000  in.-lb. 


Either  one  of  these  methods  of  computing  M  would  give  a  stronger  splice  than  the  one  designed. 

Rivet  spacing  in  the  splice  plate  will  be  assumed  to  be  4^6  in.  center  to  center.  The  stress  on  the  rivets  will 
be  found  by  the  method  given  under  eccentric  connections  (see  Art.  130).  The  distance  from  the  neutral  axis 
only  will  be  considered  and  the  stress  on  the  extreme  rivet  found  for  one  row  of  rivets  from  which  the  number  of 
rows  required  can  be  determined.  When  the  distance  back  to  back  of  flange  angles  is  small,  the  horizontal  distance 
between  rivets  and  the  center  of  gravity  of  the  group  should  be  considered,  because  in  such  cases  a  considerable 
difference  will  be  found  in  the  value  of  Sr^. 


From  Table  15 

(  4K6 

2     = 

19 

70 

(  SH  ) 

2     = 

78 

77 

(13^6 

2    = 

177 

22 

(17^4  ) 

2    = 

315 

06 

(223^6 

2    = 

492 

28 

(26?^   ] 

2     = 

708 

90 

1791.93 
2 


3583.86  =  2r2  for  one  row. 


The  stress  on  a  rivet  at  a  unit  distance  from  the  neutral  axis  is 
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Stress  on  extreme  rivet  is 


(913)(26J8)   =  24,310  1b. 


If  four  rows  of  rivets  are  used,  the  maximum  stress  due  to  moment  will  be 

?i^«=6080  1b. 
4 

The  total  number  of  rivets  on  each  side  of  the  splice  will  be  (4)  (13)   =  52  rivets.      The  stress  on  each  rivet  due  to 

shear  is  assumed  to  be  equal  and  is 

100,000 


52 


=  1920  lb. 


The  resultant  stress  on  the  extreme  rivet  is 

\/(6080)2  +  (1920)2  =  6380  lb. 
Table  11  shows  the  shearing  value  of  a  J^-in.  rivet  to  be  7220  lb.  in  single  shear,  and  14,440  lb.  in   double   shear. 
The  bearing  value  on  the  %-in.  web  is  7880  lb. 
The  bearing  value  governs  and  the  value  at  the  extreme  rivet  is 

(7880)  (53.25) 

70.T3~   =  ""^^"^  ^^- 

This  value  is  less  than  the  stress  on  the  extreme  rivet  so  the  spacing  will  be  arranged  as  shown  in  Fig.  208. 
From  Table  15 
(  2  Her-  =  4.25 
(  6  Vi^r-  =  38.29 
(10  Me)-  =  106.35 
(14  Ms)''  =  208.44 
(18  HsP  =  344.56 
(22iH6)=  =  514.73 
(26»^6)''  =    718.91 


1935 . 53 
2 


5871.06 


2r2  for  one  row. 


Fig.  208. 


Then 


and 


3,270,000.  _ 


3871 


=  845.  lb. 


5665  lb. 


(845)  (2613^6)   =  22,660  lb.  stress  on  extreme  rivet 
Assuming  four  rows,  the  maximum  stress  due  to  moment  will  be 

22.600 
4 

If  the  horizontal  distances  between  the  center  of  gravity  of  the  group  of  rivets  and  each  rivet  is  considered, 
this  value  will  be  5430  lb.  The  total  number  of  rivets  on  each  side  of  the  splice  is  4  X  14  =56  rivets.  Stress  on 
each  rivet  due  to  shear  is 

100,000 


56 


=  1790  lb. 


The  resultant  stress  is 

V'(1790)2  4-  (5665)2  =  5920  lb. 
If  the  horizontal  distances  are  considered  as  noted  above,  this  value  will  be  .5660  lb.     The  allowable  stress  is 

(7880)  (53.625) 

7013 =  ^^^^  '^- 

which  is  satisfactory. 

The  moment  of  inertia  about  the  neutral  axis  of  the  splice  plates  should  lie  equal  to 
or  greater  than  the  moment  of  inertia  of  web  plate  or 
(0(56.25)3        (3^)(68)3 


12 

(?^)(68)3 
56.253 


12 
=  0.662  in. 


Each  plate  should  be 


Fig.  209. 


0.331  in.  thick. 


This  is  a  very  little  over  Ke  in.,  so  ^-in.  plates  will  be  used. 

Illustrative  Problem. — Using  the  data  given  in  the  proceeding  problem,  a  splice  similar  to  Fig.  202  will  be 
designed. 

The  web  area  (3.19  sq.  in.)  considered  as  flange  area  is  assumed  to  act  at  the  center  of  gravity  of  the  flanges 

Plates  B  (see  Fig.  209)  are  assumed  to  be  9  in.  wide  and  their  distance  center  to  center  will  be  47.5  in.     The  area 

of  plate  B  should  be 

/67.082>. 
(3.19)(^^r5i-)    =  6.36  sq.m. 


T\  +  oiii 


li    +  aiXe' 
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in  which  7i  and  Ii  represent  the  moment  of  inertia  of  the  plate  B  and  the  web  area  (coiisidered   as  flange  area) 
about  horizontal  axes  through  their  respective  centers  of  gravity.      These  values  are  considered  equal,  hence 

aixi"  =  02X2- 


ai  represents  the  area  of  plate  B  and  02  the  area  of  the  web  considered  as  flange  area,  xi  and  X2  are  the  distances 
of  the  center  of  gravity  of  each  area  from  the  neutral  axis  of  the  girder.  In  solving  for  the  area  of  plate  B  above, 
the  values  of  xi  and  X2  used  are  the  distances  center  to  center  of  each  set  of  areas.  The  result  is  the  same  as  would 
be  obtained  by  using  the  distances  from  the  neutral  axis  to  the  center  of  each  area  because  both  numerator  and 
denominator  are  just  two  times  as  great. 

Two  plates,  9  X  ^■2  in-,  will  be  used.     This  gives  a  net  area  of  7  X  H  X  2  =  7  sq.  in.,  which  is  satisfactory. 

Assuming  16,000  lb.  per  sq.  in.  on  extreme  fiber,  the  allowable  stress  at  the  center  of  plate  B  is 
(16,000)(47.5) 


70.13 
and  the  rivet  value  at  the  same  point  is 

(7880)(47.5) 


=  10,830  lb.  per  sq.  in. 
=  5350  lb 


70.13 

The  number  of  rivets  required  on  each  side  of  the  splice  is 

(6.36)(10,830)        ,^„         ,o    ■     * 

—r-r^ =  12.9,  or  13  rivets 

o6oU 

The  number  of  rivets  required  in  plate  A  on  each  side  of  the  splice  is 

100,000       ,„.,         ,o    ■     . 

-7880-  =  '"•"•  °^  '^  '''-'''■ 

Plate  A  will  be  made  5^6  in-  thick,  which  will  give  ample  area  for  shear. 

The  plates  are  3834  in.  deep,  and  the  shearing  value  is 

(38.25)  (^g)  (10,000)  =  239,000  1b. 

Use  two  rows  of  rivets  spaced  4^8  in.  center  to  center  on  each  side  of  the  splice. 

Rivets  are  sometimes  spaced  closer  near  the  top  and  bottom  of  splice  plates  designed  for  bending  stresses. 

The  spacing  should  be  uniform  because  both  the  stress  on  the  plates  and  rivets  decrease  in  the  same  ratio  from 

the  flanges  towards  the  neutral  axis.     It  will  be  found  that  the  rivet  pitch  will  be  the  same  whether  computed  for 

points  near  the  flange  or  neutral  axis. 

In  designing  web  splices,  care  should  be  taken  to  make  the  rivet  spacing  such  that  the  area  of  the  web  is  not 

reduced  more  than  assumed  in  the  design  of  the  girder.     If  J^  of  the  web  is  considered  as  flange  area,  then  the 

spacing  of  rivets  in  a  vertical  row  should  not  be  less  than  4  in.  c.  to  c.  for  Ji-in.  rivets. 

-        128.  Plate  Girder  Flange  Splices. — When  it  is  necessary  to  splice  the  flange  of  a  plate 
girder,  the  splice  should  be  arranged  so  that  not  more  than  one  part  of  the  flange  is  spliced  at 

any  point.  Also,  no  part  of  the  flange  should  be  spUced 
at  a  point  where  the  web  is  spliced.  The  different  parts 
of  the  flange  should  be  spliced  at  points  where  there  is 
an  excess  of  flange  area.  All  flange  splices  should  be 
designed  to  fully  develop  the  member  spliced,  and 
enough  rivets  should  be  used  to  transfer  all  stress  across 
Pjq   210  ^^^  splice.     No  allowance  should  be  made  in  the  com- 

pression    flange     for     abutting     ends.      Specifications 
usually  require  the  splice  to  be  somewhat  stronger  than  the  member  spliced. 

128a.  Splicing  Flange  Angles. — The  usual  method  of  splicing  flange  angles  is  to 
splice  one  angle  at  some  point  between  the  center  and  left  support  and  the  other  angle  at  a 
corresponding  point  at  the  right  of  the  center.  A  splice  angle  should  be  used  (see  Fig.  210) 
and  if  possible,  the  net  area  should  be  equal  to  or  greater  than  the  net  area  of  the  flange  angle. 
Enough  rivets  should  be  used  to  develop  the  splice  angle,  and  the  spacing  should  be  close  in 
order  to  reduce  the  length  of  the  splice  angles  and  to  transfer  the  stress  in  a  short  distance. 
When  the  flange  angle  legs  are  equal,  the  splice  angle  legs  should  be  equal  and  each  leg  assumed 
to  take  one-half  of  the  stress.  The  same  number  of  rivets  should  then  be  used  in  each  leg. 
If  the  legs  are  unequal,  the  number  of  rivets  in  each  leg  should  be  in  proportion  to  the  area  of 
each  leg. 

The  number  of  rivets  required  through  the  splice  angles  on  each  side  of  the  splice  can  be 
determined  as  follows: 
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I 

Fig.  211. 


in  which  /  is  the  allowable  fiber  stress,  An  the  net  area  of  the  splice  member,  and  r  the  rivet 
value  (single  shear  in  this  case).  The  rivets  required  for  shear  in  the  flange  can  also  be  used 
as  spliced  rivets.  When  the  net  area  of  the  splice  angle  is  less  than  the  net  area  of  the  flange 
angle,  a  splice  plate  should  be  used  on  the  vertical  leg  of  the  other  flange  angle  (see  Fig.  211). 

The  stress  may  be  considered  as  distributed  between  the  splice  angle  and  the 
splice  plate  in  proportion  to  the  area  of  each.  If  the  splice  is  made  near  the  end 
of  a  cover  plate,  the  cover  plate  may  be  extended  and  used  as  a  part  of  the  splice. 
When  the  splice  member  is  in  contact  with  the  member  spliced  (as  the  splice 
angle  a  in  Figs.  210  and  211)  no  increase  in  the  computed  number  of  rivets  is 
necessary.  On  the  other  hand,  the  computed  number  on  each  side  of  the  joint 
for  the  splice  plate  h  should  be  increased  by  one-third  for  each  intervening  plate. 

1286.  Splicing  Cover  Plates. — A  cover  plate  may  be  spliced  by  using  a  splice 
plate  of  the  same  net  area  and  long  enough  to  provide  for  the  required  number  of  rivets  in  single 
shear  (see  Fig.  212). 

When  a  cover  plate  is  spliced  near  the  end  of  another  cover  plate  (see  Fig.  213),  the  cover 
plate  may  be  extended  as  shown  by  dotted  lines.  If  the  extended 
cover  plate  is  of  the  same  size  as  the  plate  spliced,  the  splice  will 
be  satisfactory  if  enough  rivets  are  used.  The  formula  given  for 
rivets  through  the  splice  angle  may  be  used  to  determine  the 
number  of  rivets  required.  When  the  splice  plate  is  not  in  contact 
with  the  plate  spliced,  then  the  required  number  of  rivets  on  each 
side  of  the  splice  should  be  increased  by  one-third  for  each  in- 
tervening plate. 1 

129.  Connection  Angles. — Beam  and  girder  connections  are 
usually  made  by  means  of  angles  (see  Figs.  214  and  215).     The 
method  of  computing  the  strength  of  the  connections  shown  in  Figs.  214  and  215  is  the  same 
except  that  the  number  of  rivets  in  215  will  be  increased  according  to  Art.  124(/. 
Consider  the  connection  shown  in  Fig.  216;  the  strength  will  depend  on 
1.  Four  shop  rivets  bearing  on  web  of  beam 


Fig.  212. 


2.  Four  shop  rivets  in  double  shear. 

3.  Eight  field  rivets  in  single  shear. 

4.  Eight  field  rivets  bearing  on  the  web 
beam  B  or  on  the  J-fe-in.  angles. 


of 


Fig.  213. 


Illustrative  Problem. — Assume  beam  A  to  be  a  15-in.  42-lb.  I,  and  beam  B  a  24-in.  80-lb.  I. 
strength  of  the  connection  if  ^^-in.  rivets  with  the  following  values  are  used? 


What   is  the 


Shear 


Bearing 


shop 10,000  lb.  per  sq.  in. 

field • 7,000  lb.  per  sq.  in. 

shop 20,000  lb.  per  sq.  in. 

field 14,000  lb.  per  sq.  in. 


"4 


Fig.  214. 


Fig.  215. 


Fig.  216. 


The  web  thickness  of  the  1.5-in.  I  is  He  in.  and  of  the  24-in.  I  is  J-^  in.  (see  Table  5).     From  Table  11  the  fol- 
lowing values  are  obtained: 

1  For  a  more  complete  treatment  of  flange  splices,  see  vol.  3  of  "Modern  Framed  Structures"  by  Johnson,  Bryan, 
and  Turneaure. 
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„.     ,      ,  ,  shop 4420  lb. 

Single  shear    \  ^^^^ 3090  lb. 

„       .  ,,     .         /shop 6560  1b. 

Bearing  on  H  e-m.     j  g^,^ 459q  j^. 

Bearing  on  web  of  A 4  X  6560  =  26,240  lb. 

Double  shear  through  A 2X4X  4420  =  35,360  lb. 

Bearing  on  Ke-in.  angles 8  X  4590  =  36,720  lb. 

Single  shear 8  X  3090  =  24,720  lb. 

The  strength  of  the  connection,  therefore,  is  24,720  lb. 

Connections  of  this  kind  may  be  divided  into  two  classes — viz.,  standard  and  special. 

129a.  Standard  Connections. — The  end  connections  for  beams  may  be  made 
the  same  for  different  sizes  of  beams  under  certain  limiting  conditions  of  loading  and  span  length. 
Many  structural  shops  have  their  own  standards  for  these  connections.  Table  14  gives  the 
standard  beam  connections  and  limiting  values.  Standard  connections  should  be  used  when 
possible. 

Table  14.' — Beam  Connections 

27"  24" 


2Z8  4"  X  4"  X  H"  X  l'-8>^" 
Weight  46  lb. 


2Zs  4"  X  4"  X  H"  X  l'-5>^' 
Weight  39  lb. 


2Zs  4"  X  i"  X  H"  X  l'-2>^"       2Zs  4"  X  4"  X  He"  X  0'-ll>^' 
Weight  33  lb.  Weight  23  lb. 


12' 


10",  9",  S" 


4i 

13 

^' 


2/s  4"  X  4"  X  ■'Ae"  X  0'-8>r'       2Zs  6"  X  4"  X  H"  X  O'-o^' 
Weight  17  lb.  "'  '         '" 


7",  6",  5" 


«./•< 

^ 


^/J^' 


^ ^3 


Weight  13  lb. 
4",  3" 


2Zs  6"  X  4"  X  ?^"  X  0'-3' 
Weight  7  lb. 


2/s  6"  X  4"  X  «i"  X  0'-2" 
Weight  5  lb. 


Rivets  and  bolts  ?i  in.  diameter. 

Weights   given   are   for   ^-in.    shop  rivets   and    angle   connections;    about   20 '"o    should   be  added  for  field 
rivete  or  bolts. 

» From  Pocket  Companion,  20th  edition,  Carnegie  Steel  Co.,  Pittsburgh,  Pa. 
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I-b 

earns 

Value  of  web 
connection 

Values  of  outstanding  legs  of  connection  angles 

Field  rivets 

Field  bolts 

^  5 

Weight 

Shop  rivets  in 

j4-in.  rivets  or 

Minimum 

t, 

?4-in.    rough           Minimum 

t. 

a   <u 

(pounds 

enclosed  bear- 

turned  bolts, 

allowable  span 

(in- 

bolts,   single       allowable  span 

(in- 

per foot) 

ing,   (pounds) 

single    shear, 

in  feet,  uniform 

ches)  shear,   (pounds) 

in  feet,  uniform 

ches) 

(pounds) 

load 

load 

27 

90 

82,530 

61,900 

18.9 

H 

49,500 

23.6 

y% 

24 

/  80 

67,500 

53,000 

17.5 

% 

42,400 

21.9 

% 

1  74 

64,260 

53,000 

16.4 

% 

42,400 

20.4 

% 

21 

601-2 

48,150 

44,200 

14.2 

% 

35, .300 

17.8 

% 

20 

65 

45,000 

35,300 

17.6 

% 

28,300 

22.1 

Vi 

18 

/  55 

41,400 

35,300 

13.3 

% 

28,300 

16.7 

Vi 

I  48 

34,200 

35,300 

12.8 

916 

28,300 

15.4 

% 

15 

f42 
I  37>2^ 

36,900 

35,300 

8.9 

H 

28,300 

11.1 

H 

29,880 

35,300 

9.7 

Vi 

28,300 

10.2 

9-16 

12 

/  31M 

23,600 

26,500 

8.1 

Me 

21,200 

9.0 

Vi 

\  28 

19,170 

26,500 

9.2 

Ke 

21,200 

9.2 

H 

10 

/  25 

27,900 

17,700 

7.4 

y% 

14,100 

9.2 

H 

I  223-^ 

22,680 

17,700 

6.8 

% 

14,100 

8.6 

H 

9 

21 

26,100 

17,700 

5.7 

H 

14,100 

7.1 

H 

8 

|18 

24,300 

17,700 

4.3 

% 

14,100 

5.4 

% 

19,800 

17,700 

4.4 

H 

14,100 

5.5 

H 

7 

15 

11,300 

8,800 

6.2 

Vb. 

7,100 

7.8 

% 

6 

12>4 

10,400 

8,800 

4.4 

%  ■ 

7,100 

5.5 

% 

5 

Q'A 

9,500 

8,800 

2.9 

% 

7,100 

3.6 

H 

4 

7yi 

8,600 

8,800 

2.2 

Ke 

7,100 

2.7 

y^ 

3 

5H 

7,700 

8,800 

1.3 

\i 

7,100 

1.4 

?8 

Allowab 

LE  Unit  Stress  in  Pounds 

3  PER  Square  Inch 

Sing 

e  shear 

Rivets  

Sho 

p  12,000 
d  10,000 
d    8,000 

Bearing 

Rivets— enclosed Shop  30,000 

Rivets  and  Tur 
Rough  bolts  .  . 

ned  bolts..  .  .Fiel 
Fiel 

r" 

1 

] 

Rivets — one  side Shop  24,000 

Civets  and  turned  bolts. .  .  .Field  20,000 
=lough  bolts Field  16.000 

1 

t  =  Web  thickness,  in  bearing,  to  develop  max.  allowable  reactions,  when  beams  frame  opposite. 

Connections  are  figured  for  bearing  and  shear  (no  moment  considered). 

The  above  values  agree  with  tests  made  on  beams  under  ordinary  conditions  of  use. 

Where  web  is  enclosed  between  connection  angles  (enclosed  bearing),  values  are  greater  because  of  the  in- 
creased efficiency  due  to  friction  and  grip. 

Special  connections  shall  be  used  when  any  of  the  limiting  conditions  given  above  are  exceeded — such  as  end 
reaction  from  loaded  beam  being  greater  than  value  of  connection;  shorter  span  with  beam  fully  loaded;  or  a  less 
thickness  of  web  when  maximum  allowable  reactions  are  used. 

1296.  Special  Connections. — When  standard  connections  cannot  be  used,  it  is 
necessary  to  design  special  connections  for  each  particular  case.  The  following  conditions 
may  require  special  connections:  (1)  short  spans  heavily  loaded,  (2)  spans  with  load  near  one 
end,  (3)  when  two  beams  connect  on  opposite  sides  of  the  same  web  and  use  the  same  rivets, 
and  (4)  when  two  beams  connect  on  opposite  sides  of  the  same  web  and  only  a  part  of  the  rivets 
are  used  in  each  connection. 

For  conditions  1  and  2,  the  reactions  should  be  computed  and  enough  rivets  used  to  safely 
transfer  the  load  from  one  member  to  the  other. 

For  condition  3,  standard  connections  may  be  satisfactory  providing  the  thickness  t 
(see  Fig.  217)  is  such  that  ample  bearing  on  the  rivets  is  developed.  Otherwise  the  web 
plate  may  be  reinforced  (see  Fig.  218)  or  special  connections  used.  Special  connections  will 
undoubtedly  be  necessary  if  the  loads  on  the  beams  are  applied  near  the  ends  to  which  the 
connections  are  made.  In  any  case,  the  end  reactions  should  be  computed  and  the  rivets 
proportioned  accordingly. 

For  condition  4,  the  beams  may  not  be  at  the  same  elevation  (see  Fig.  219)  or  may  not  be 
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on  the  same  line  (see  Fig.  220).  Standard  connections  may  be  used  in  these  cases  if  ample 
bearing  is  provided  for  the  rivets  and  the  spacing  of  the  holes  can  be  made  standard. 

When  two  beams  are  near  each  other  (see  Fig.  221),  it  is  not  possible  to  use  more  than  one 
connection  angle  on  each  beam.     Special  connections  should  be  designed  for  such  cases. 

When  beams  do  not  frame  into  each  other  at  right  angles,  special  connections  may  be 
necessary  (see  Fig.  222).  When  t  is  ^g  in.  or  less  and  6  is  3  in.  or  less,  standard  connections 
may  be  used  providing  the  angles  are  bent  to  the  proper  bevel.  When  b  is  greater  than  3  in., 
bent  plates  should  be  used  in  place  of  angles.  For  bevels  in  which  b  is  greater  than  3  in.,  care 
should  be  taken  to  see  that  rivet  holes  are  not  located  where  it  is  impossible  to  drive  the  rivets. 


^l:^_-^^. 


Fia.  217. 


Fig.  218. 


Fig.  219. 


1 

Fig.  220. 


£=^ 


m 


"Wl 


-f] 


i^ 


\     |9'V"0!    ^ 


Fig.  221. 


Fig.  222. 


Fig.  223. 


Fig.  224. 


See  also  Sect.  3,  Art.  72b  for  bean 


See  Sect.  3,  Art.  72a  for  illustrations  of  beam  connections 
connections  to  columns. 

Connections  between  members  carrying  direct  stress  usually  take  the  form  of  a  lap  joint 

Consider  the  connection  shown  in  Figs.  223  and  224.  In  Fig.  223  the  connection  of  the  angh 
to  the  plate  is  an  ordinary  lap  joint  and  the  rivets  are  in  single  shear  or  bearing.  In  Fig.  22^ 
the  connection  can  be  considered  as  a  double  lap  joint  and  the  rivets  are  in  double  shear  o: 
bearing, 

129r.  Lug  or  Clip  Angles  in  Connections. — Specifications  usually  require  thai 
an  angle  be  connected  by  both  legs  (see  Fig.  225).     The  allowable  value  of  an  angle  connectec 

by  one  leg  varies  somewhat.  Some  specifications  allow 
only  the  value  of  the  leg  connected.  Others  allow  fron 
75  to  80%  of  the  net  area  of  the  angle.  \Mien  an  angh 
is  connected  by  both  legs,  90%  of  the  net  area  is  usuallj 
allowed.  Tests  show  that  an  angle  is  stronger  when  con- 
nected by  both  legs. 

When  a  lug  angle  is  used  to  connect  an  angk 
carrying  tensile  stress,  the  distance  X  (see  Fig.  225) 
should  be  such  that  the  area  of  the  angle  will  not  be 
reduced  by  more  than  one  hole. 

The  net  area  of  the  gusset  plate  on  line  aa  (see  Fig. 
225)  should  be  such  that  the  net  area  is  equal  to  oi 
greater  than  the  net  area  of  the  member  connected.     It  the  connection  is  eccentric,  both  bend- 
ing and  direct  stress  should  be  considered  in  determining  the  area  of  the  plate  at  section  aa 
(see  bottom  chord  splice). 

The  computations  for  the  connection  shown  in  Fig.  225  will  be  illustrated  by  the  following 
problem . 

Illustrative  Problem. — Determine  the  strength  of  the  connection  shown  in  Fig.  226.     The  allowable  tensile 
stress  on  the  angle  is  16,000  lb.  per  sq.  in.     Assume  Ji-in-  rivets  with  the  following  values: 
Shear,  10,000  lb.  per  sq.  in. 
Bearing,  20,000  lb.  per  sq.  in. 


^       |lV>;^;nS 


^ 


Fig.  225. 
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The  lug  angle  is  assumed  to  transmit  one-half  of  the  total  stress  to  the  plate.  Also  the  stress  is  assumed  to  be 
divided  equally  among  the  rivets. 

Table  11  shows  that  a  ^4-in.  rivet  is  good  for  4420  lb.  in  single  shear,  and  5625  lb.  in  bearing  on  a  ?8-in.  plate. 
The  rivets  are  therefore  good  for  (4420)  (S)  =  35,360  lb. 

The  3H  X  3>^  X  Ke-in.  angle  has  a  gross  area  of  2.87  sq.  in. 

Table  12  shows  that  the  area  to  be  deducted  for  a  j4-in.  rivet  (Jg-in.  hole)  through  J^e-in-  nietal  is  0.38  sq.  in. 
The  net  area  of  the  angle  therefore  is  2.87  —  0.38  =  2.49  sq.  in.     At  16,000  lb.  per  sq.  in.  the  angle  is  good  for 

(16,000)  (2.49)   =  39,840  1b. 
But  Art.  129c  allows  only  90  %  of  the  net  area  of  the  angle  for  a  connection  of  this  kind.     This  value  is 

(0.9)  (39,840)  =  35,860  1b. 
Since  this  is  greater  than  the  value  of  the  rivets,  the  strength  of  the 
connection  is  35,360  lb. 

For  a  properly  designed  joint  the  strength  should  not  depend  on 
the  rivets.  The  joint  should  be  strong  enough  so  that  if  a  failure 
occurs  it  will  be  in  the  member  rather  than  in  the  joint. 

The  number  of  rivets  connecting  the  lug  angle  to  the  main  angle 
should  be  the  same  as  used  in  connecting  the  lug  angle  to  the  plate 
because,  in  this  case,  the  rivets  in  both  connections  are  in  single  shear. 
If  the  thickness  of  the  plate  were  such  that  the  rivets  connecting  the 
lug  angle  to  the  plate  were  governed  by  the  bearing  value,  then  in  one 
case  bearing  would  govern  and  in  the  other  the  single  shear  value. 
Conditions  might  be  reversed,  however,  and  the  rivets  connecting 
the  lug  angle  to  the  main  angle  might  be  governed  by  their  strength  p^^    226 

in  bearing. 

In  order  that  the  area  of  the  angle  will  be  reduced  by  not  more  than  one  rivet  hole  at  a  point  of  maximum 
stress,  the  first  rivet  connecting  the  main  angle  to  the  plate  must  be  spaced  far  enough  from  the  first  rivet  connect- 
ing the  lug  angle  to  the  main  angle  so  that  tne  area  through  these  holes  will  not  be  less  than  the  net  area  considering 
one  hole  out.     Table  13  shows  that  this  distance  should  be  2^8  in.  (gage  2  in.  on  a  3>2-in.  angle,  see  Table  5). 

Diagram  16  may  also  be  used  as  follows:  The  value  of  X  should  be  zero  and  the  value  of  ff  is  3  %6  in.  If  the 
rivets  used  were  J-i  in.  in  diameter,  the  value  of  p  could  be  taken  from  the  diagram  at  the  point  where  g  =  3^6 
in.  cuts  the  A- A  line.  As  the  rivets  are  J4  in.,  the  value  of  the  gage  g  should  be  multiplied  by  (J4  +  }i}-  The 
value  of  p  will  then  be  found  where  the  new  value  of  g  cuts  line  A-A,  or 

(3%6)(9i  +H)  =3.12  in. 
Where  this  value  of  g  cuts  line  A — .1,  a  value  of  p  equal  to  3.38  is  found. 

The  value  of  A'  in  Fig.  225  then  should  be  3^s  in.  if  this  method  of  computing  net  areas 
is  used. 

The  computations  for  the  connection  shown  in  Fig.  226  are  similar  to  those  just  given 
except  that  the  rivets  connecting  both  the  lug  angle  and  the  main  angle  are  in  bearing  or 
double  shear. 

130.  Eccentric  Connections. — When  the  line  of  action  of  a  force  P  does 
not  pass  through  the  center  of  gravity  of  the  group  of  rivets  (see  Fig.  227),  the 
joint  should  be  designed  to  resist  both  the  load  P  and  the  moment  Pe.  The 
moment  Pe  tends  to  revolve  the  plate  about  a  center  c'.  The  stress  on  any  rivet,  caused  by  the 
moment  Pe,  depends  on  the  distance  of  the  rivet  from  the  center  of  gravity  "c"  of  the  group 
of  rivets.  The  sum  of  the  moments  about  "c"  of  the  stresses  on  each  rivet  should  equal  Pe. 
Assume  that  a  rivet  at  a  unit  distance  from  c  takes  stress  s,  then  at  any  distance  r,  the 
stress  taken  by  a  rivet  will  be  rs;  and  for  a  distance  Vi,  it  will  be  r2S.  Since  the  center  of  gravity 
(in  this  case)  of  the  group  of  rivets  is  at  the  center  of  the  rivet  at  c,  this  rivet  will  not  be  stressed 
by  the  moment  Pe.  The  sum  of  the  moments  about  c  of  the  stresses  taken  by  the  rivets,  is 
2[(ris  X  ri)  +  (r-zs  X  ro)].  The  quantity  inside  the  brackets  is  multiplied  by 
2  in  order  to  include  the  rivets  below  c.     Then 

2(ri^s  +  r-y's)  =  Pe 

=  Pe 

"'■  *  ~  2(ri2  +  ra^) 

If  two  more  rivets  are  added,  as  shown  in  Fig.  228,  the  value  of 
s  would  be 

Pe 


FiQ.  227. 


Consider  Fig.  229 


2(ri2  -i-  n^  +  n^) 


Fig.  228. 
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Expressing  these  equations  in  words :  To  find  the  stress  s,  caused  by  a  moment  Pe  on  a  rivet 
at  a  unit  distance  from  the  center  of  gravity  of  the  group  of  rivets,  divide  the  moment  Pe  by 
the  sum  of  the  squares  of  the  distance  of  each  rivet  from  the  center  of  gravity  of  the  group. 

Considering  the  values  shown  on  Fig.  230 

(A\i'>c\  nnm 

500  lb 


(4)  (20,000) 


2(16  +  64) 
80,000  in. -lb.  would  cause  a  stress  of  500  lb.  on  a  rivet  at  1  in.  from  c;  at  4  in.  from 
=  2000  lb.;  and  at  8  in.  it  would  be  (8)(500)   =  4000  lb.     In  addition,  each  rivet 

20,000 


A  moment  of  (4) (20,000) 
c  the  stress  would  be  (4)(500) 

P 

takes  a  stress  of  —  lb.  (n  equals  the  number  of  rivets  in  the  connection).     For  this  connection  the  stress  is 

n  -J 

=  4000  lb.  per  rivet  and  acts  parallel  to  the  direction  of  P.     The  stress  on  each  rivet,  caused  by  the  moment  Pe, 

acts  perpendicular  to  a  straight  line  between  c  and  the  center  of  the  rivet  in  question.      In  this  case,  the  direction  is 

horizontal  for  each  rivet  (see  Fig.  2.33a).     The  stress  on  a  rivet  is  the  resultant  of  the  stress  caused  by  the  moment 

p 
Pe  and  the  stress  -.     The  stress  on  the  rivet  at  c  is  4000  lb.;  at  4  in.  from  c,  the  stress  is  the  resultant   of  2000  and 
n 

4000  lb.  or  

■v/2000  +  4000  =  4470  lb. 
and  at  8  in.  from  c 

V4000  +  4000  =  5650  lb. 
These  results  may  be  obtained  graphically  as  shown  on 
Fig.  233o.  The  only  difference  in  Figs.  230,  231,  and 
232  is  the  location  and  direction  of  the  force  P.  The 
stresses  on  the  rivets,  however,  will  vary  and  are  as  shown 
in  Figs.  233(b)  and  233(c). 


Fig.  230. 


Fio.   231. 


Fig.   232. 


In  computing  the  stresses  on  rivets  in  connections  of  this  kind,  it  is  necessary  to  know  the 

square  of  the  distance  of  each  rivet  from  the  center  of  gravity  of  the  group  of  rivets.  Table 
15  gives  the  square  of  numbers  varying  by  He  from  1  to  42  in.  and  will  save  a  great  deal  of 
time  in  finding  these  values.  This  table  may  also  be  used  in  designing  web  splices  for  plate 
girders  (see  Art.  127). 

To  illustrate  the  use  of  the  table,  the  stress  s  on  a  rivet  at  a  unit  distance  from  c  (see  Fig.  234)  will  be  com- 
puted. Since  the  rivets  are  symmetrically  arranged  about  aa  and  66,  it  is  necessary  to  find  the  square  of  the 
distance  of  each  rivet  from  c  for  one-quarter  and  then  multiply  the  result  by  4. 

From  Table  15 

(mr-  =  2,25 


{IH)^ 


(13-^)= 
(4J^)  = 


=     1.89 

4.14 
=  2.25 
=  19.14 


21.39  =  rjS 
(IM)*  =    2.25 
{7%)i  =54.39 


56.64  =  ri^ 
The  sum  of  the  r  squares  is  (4.14  -f- 21.39  +56.64)4    =328.68,  and 

(6)  (40,000) 


328.68 

Since  IK  in.  enters  the  computations  3  times,  the  following  method  can  be  used: 
(1K)2=2.25 
(1^)^  = 
(4^)2  = 
(7%)»  = 


82. 17  X  4  =  328.68,  the  same  as  above, 


=  730  lb. 


(2.25)(3)   =    6.75 

1.S9 

19.  14 

64.39 


82.17 
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The  resultant  stress  on  a  rivet  may  be  found  as  follows  without  finding  the  components 
in  two  directions^  as  in  the  method  just  given:  Draw  a  line  aa  (see  Fig.  235)  through  the  center 

p 
of  gravity  c  of  the  group  of  rivets  and  perpendicular  to  the  line  of  action  of  P.     The  stress  — 

on  each  rivet  is  equal  and  acts  downward  (parallel  to  the  line  of  action  of  P).  The  stress  on 
any  rivet  on  line  aa  due  to  the  moment  Pe  acts  perpendicular  to  line  aa.  Between  c  and  the 
line  of  action  of  P,  this  stress  will  be  downward;  on  the  left  of  c,  the  action  will  be  upward.  On 
the  right  of  c  the  resultant  stress  on  a  rivet  on  Une  aa  will  be  the 
sum  of  the  stress  due  to  P  and  that  due  to  Pe;  on  the  left  of  c,  the 
resultant  stress  will  be  the  difference.  At  some  point  to  the  left  of  c, 
on  line  aa,  the  upward  stress  will  equal  the  downward  and  there  will 
be  a  point  of  zero  stress.  This  is  the  point  about  which  the  plate 
would  revolve.  This  point  may  be  determined  by  the  following 
formula 

ne 
in  which  X'  is  the  distance  from  c  to  the  point,  Zr^  is  the  sum  of  the 
squares  of  the  distance  of  each  rivet  from  the  center  of  gravity  of  the 
group  of  rivets,  n  is  the  number  of  rivets  in  the  group,  and  e  is  the  distance  from  the  center  of 
gravity  of  the  group  of  rivets  to  the  line  of  action  of  P. 

The  stress  s  on  a  rivet  at  a  unit  distance  from  c  is  found  as  in  the  previous  method.     Then 
the  stress  on  rivets  m  and  m'  (see  Fig.  235)  is  ks,  and  acts  perpendicular  to  lines  k. 

The  distance  to  c'  (see  Fig.  236a)  is  X'  =  ——.      From 


X'  = 


Fig.  235. 


Consider  the  same  connection  as  shown  in  Fig.  230 

the  previous  problem,  Sr^  is  160,  n  is  5,  and  e  is  4  in. 

-,.,  160 

-^     =(5)(4)  =  «'°- 
The  distance  k  from  c'  to  the  most  stressed  rivet  is 

VS^  +  82  =  11.31  in. 

and   the  stress  taken  by  this   rivet  is  (since  s  is  500  lb.  from  previous  problem)  11.31  X  500  =  5655  lb.  and  acts 
perpendicular  to  line  k.     Since  8  is  45  deg.,  R  makes  an  angle  of  45  deg.  with  the  vertical.       These  virtues  check 
with  those  iu  the  previous  problem.      Considering  the  connection  shown  in  Fig.  236(6) 
a:  =  8  cos  45  deg.  =  (8)  (0.707)  =  5.66  in.  :§ 

y  =  8  sin  45  deg.  =  (8)  (0.707)  =  5.66  in.  ^^ 

k  =  Vs. 662  +  1.3662 
Table  15  shows   that  0.66  in.   is   about   halfway 
between  ^i  and  'He  in.     Then  from  Table  16 
(  5.66)2  =  32 
(13,66)2  =  186.6 
and  from  the  same  table 

k  =  U^i  in.  or  14.75  in. 
The  top  rivet  receives  the  maximum  stress, 
which  is 

(14.75)  (500)  =  7375  1b. 


Tan  «  = 


5.66 


0.4144  =  22  deg.  30  min. 


13.66 

These  values  check  with  those  obtained  by  the  other  method. 

Consider  the  connection  shown  in  Fig.  236(c).     In  this  connection  c'  falls  at  the  center  of  the  bottom  rivet  and 
the  rivet  at  the  top  receives  the  maximum  stress.     The  value  of  k  is  16  in.  and  the  stress  taken  by  the  top  rivet  is 

(16)  (500)  =  8000  lb. 

and  acts  parallel  to  the  direction  of  P.     Since  c'  is  at  the  center  of  the  bottom  rivet,  there  will  be  no  stress  in  this 
rivet.     These  values  check  with  those  obtained  by  the  other  method. 

131.  Avoiding  Eccentric  Connections. — Eccentric  connections  should  be  avoided  if  pos- 
sible because  they  not  only  put  additional  stress  on  the  rivets  but  also  cause  bending  in  the 
members  connected.  The  stresses  due  to  this  bending  may  in  some  cases  be  very  high.  Ec- 
centric connections,  of  course,  have  to  be  used  in  many  cases;  on  the  other  hand,  eccentric 

»  See  p.  518,  Eng.  Rec,  Nov.  7,  1914. 
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bottom  chord  connection  thus  causing  no  bending  in  the  joint.  When  there  is  a  moment  in  tha 
joint  due  either  to  eccentricity  as  in  Figs.  237(a)  and  237  (fe),  or  due  to  the  top  chord  acting  as  a 
beam  plate  a  should  be  made  thicker  than  for  the  joint  in  Fig.  237(c),  Usually  a  K-in.  plate 
is  used  and  a  few  extra  rivets  added. 

The  connection  in  Fig.  238(a)  should  be  made  as  shown  in  Fig.  238(fc),  that  in  Fig.  239(a) 
as  shown  in  Fig.  239(6),  and  that  in  Fig.  240(a)  as  shown  in  Fig.  240(b). 


(  niinections  are  often  used  where  they  can  be  avoided.     The  following  figures  illustrate  a  few 
ul  these  connections: 

The  connections  shown  in  Figs.  237(a)  and  237(6)  are  both  eccentric.     In  Fig.  237(c) 
the  line  of  action  of  Pi,  Pi,  and  R  meet  in  a  point  at  the  center  of  the  group  of  rivets  in  the 

^> 


H^ 


Fig.  238. 


j-\-9^  9^. j  J 


roj 


(b) 


Fig.  2.TO. 


Fig.   240. 


-(1)  The  rivet  holes  should    match;  the    rivets 


132.  Requirements  for  a  Good  Joint.- 

hould  be  properly  heated  and  well  driven. 

(2)  The  line  of  thrust  should  pass  through  the  center  of  gravity  of  the  group  of  rivets  and 
the  rivets  should  be  symmetrically  arranged  about  this  line. 

(3)  Direct  tension  on  rivet  heads  should  not  be  allowed. 

(4)  For  a  tension  member,  the  rivets  should  be  so  arranged  that  the  area  of  the  member 
joined  is  not  reduced  more  than  necessary. 

(5)  The  number  and  size  of  rivets  should  be  sufficient  to 
develop  the  member  joined. 

(6)  The  total  thickness  of  metal  should  not  exceed  four 
iiameters  of  the  rivet  used. 

(7)  No  loose  fillers  should  be  used. 

(8)  Members  should   be  straight  and  bolts  used  to  draw_ 
;hem  together  before  the  rivets  are  driven. 

133.  Pin  Connections. 
133a.  Bearing,  Bending,  and  Shearing  Stresses. — 

[n  building  construction,  pins  are  sometimes  used  to  connect 
nembers  meeting  at  a  joint  (see  Fig.  241).  Pins  are  subjected  to  bearing,  bending,  and  shear- 
ng  stresses;  the  latter,  however,  may  usually  be  neglected  except  possibly  for  small  pins. 
5hear  and  bearing  values  are  computed  in  the  same  way  as  for  rivets.  Tables  16  and  17  give 
he  bearing  and  bending  moment  values  for  different  sizes  of  pins  for  various  unit  stresses. 

In  computing  the  bending  moment  on  a  pin,  the  stresses  from  the  different  members  are 
isually  considered  to  be  concentrated  at  the  center  of  the  bearing  area  of  each  member  (see 
?ig.  242). 


Fig.  241. 
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Illustrative  Problem. — Compute  the  maximum  bending  moment  on  the  pin  shown  in  Fig.  242. 
The  bending  moment  is  uniform  between  the  centers  of  plates  a,  so  the  maximum  moment  is  at  the  center  of 
plate  a,  and  is 

(75,000)  (IK)  =  112,500  in.-lb. 

The  moment  at  the  center  of  the  pin  would  be  the  same   or 

I  (75,000)(2M)  -  (75,000)(1)  =  (75,000)(1>^)  =  112,500  in.-lb. 

r  ill  'i  -Knonih  Illustrative  Problem. — Consider  the  pin  to  be  4  in.  in  diameter.     What 


75,000/d 


should  be  the  thickness  of  each  of  the  members  if  the  allowable  unit  bearing 


^-stress  is  20,000  lb.  per  sq.  in. 


«)  (20,000)  (4) 
75,000 


75,000 
15   . 
=   16^" 


Then  for 


Fig.  242. 


(4)  (20,000) 
Table  16  shows  that  a   1-in.   plate  is  good  for  80,000  lb 
75,000  lb.,  the  thickness  should  be 

75,000         15  . 
80,000  °°  16  '"■ 

When  members  connected  at  a  joint  act  in  different  direc- 
tions (see  Fig.  243),  the  stresses  should  be  resolved  into  two 
planes  at  right  angles  to  each  other  (usually  horizontal  and 
vertical).  In  Fig.  243  the  stress  in  the  diagonal  member  3  should  be  resolved  into  its  horizontal 
and  vertical  components.  Then  all  the  loads  acting  on  the  pin  should  be  indicated  as  shown 
in  Fig.  244,  where  a  represents  the  horizontal  forces  and  h  the  vertical  forces. 

To  find  the  moment  on  the  pin,  the  moments  due  to  horizontal  loads  should  first  be  com- 
puted at  the  different  points;  then  the  moments  due  to  the  vertical  loads.  The  moment  at 
any  point,  then,  would  be  the  resultant  of  the  horizontal  and  vertical  moments  at  that  point,  or 

M  =  VMh^  +  Mv'' 


3 

^ 

^■i^ 

3 

i-Pin 

/ 

/?  J 

-< — 

i  of  p/n 


Pm-r 
3 


Fig.  243. 


(o)  (b) 

Fig.  244. 


in  which  Mh  and  Mv  are  the  horizontal  and  vertical  moments  at  the  same  point  on  the  pin. 
The  maximum  value  for  M  then  would  be  at  a  point  where  the  resultant  of  Mh  and  My  is  a 
maximum. 

The  maximum  shear  will  be  the  maximum  resultant  obtained  from  Figs.  244(a)  and  (244(6] 


^,000lb 


7  max.  =  \/F//2-fF22 

The  required  bearing  area  should  be  computed  3 
for  the  stress  in  each  member. 

When  the  members  are  placed  symmetrically 
about  the  center  line  (see  Fig.  244)  as  they  should 
be,  only  one-half  of  the  pin  needs  to  be  considered. 

Dlustrative  Problem. — Compute  the  maximum  moment  on 
the  pin  in  the  joint  shown  in  Fig.  245.  The  horizontal  and 
vertical  components  of  8480  lb.  are 

8480  X  sin  45  deg.  =  8480  X  cos  45  deg.  =  6000  lb. 
Fig.  246  shows  the  stresses  in  their  assumed  positions  with 
the  distance  of  each  from  the  center  line  of  the  pin. 

Hor.  mom.  about  6  =  (50,000)(iK6)  =  34,380  in.-lb. 

Hor.  mom.  about  c  =  (50,000) (IJ-g)  -  (50,000)(K6)  =  34,380  in.-lb. 

Hor.  mom.  about  (i  =  (50,000) (1?^ 6 )  -  (50,000)(J^)  +  (0000)(K6)  =  37.000  in.-lb. 

Hor.  mom.  about  e  =  (50,000)(5H)  -  (50,000) (4 ijfe)  +  (6000)(4?g)  -  (6000)(3iK6)   =  37,000  in.-lb. 

Vert.  mom.  about  c  =  0 

Vert.  mom.  about  d  =  (6000;(K6)  =  2630  in.-lb. 

Vert.  mom.  about  e' =  (6000)  (K)  +  (6000)  (Ke)   =  7880  in.-lb. 

Vert.  mom.  about  e  =  (6000)(4?g)  -j-  (6000)(3i^f  s)  -  (12,000)(3H)  =  7880  in.-lb. 


Horizonta) 


ioFpin- 


Vfertical 


Fig.  246. 
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Max.  mom.,  then,  ia  at  c  and  is 

V'(37,000)2  +  (7880) •■!  =  37,800  in. -lb. 

Illustrative  Problem. — Assume  an  allowable  unit  stress  of  24,000  lb.  per  sq.  in.  in  bearing  and  a  unit  fiber  stress 
of  24,000  lb.  per  sq.  in.  Determine  the  size  of  pin  necessary  for  the  joint  in  Fig.  245.  The  width  of  members  shown 
in  Fig.  246  are  to  be  used. 

The  maximum  bending  moment  is  37,800  in. -lb.  Table  17  shows  a  pin  2^4  in.  in  diameter  to  be  satisfactory 
for  moment.     By  inspection  it  is  seen  that  the  5^8-in.  plate  governs  for  bearing.     The  required  diameter  ia 

(?g)  (24,000)  (d)   =  50,000 
50,000 
'^  =  (?|)(24,000)  =  ^-^^  '"■ 
A  3}.^-in.  pin  should  be  used. 

Table  16  shows  that  a  3>^-in.  pin  is  good  for  84,000  X  ^i  =  52,500  lb.  in  bearing,  which  is  satisfactory.  The 
maximum  shear  is  50,000  lb.;  and  the  required  area  for  shear  at  a  unit  stress  of  12,000  lb.  per  sq.  in.  is 

50.000        ^  _ 
j^2;^Q  =  4.16  8q.m. 

A  pin  2J^  in.  in  diameter  would  therefore  be  satisfactory  for  shear  as  its  area  is  4.91  sq.  in. 

1336.  Pin  Plates. — Usually  the  webs  of  mem- 
bers, connected  by  pins,  are  not  thick  enough  to  transfer  the 
stress  between  the  pin  and  the  member.     Plates  are  riveted  to 
the  web  (see  Fig.  247)  to  increase  the  bearing  area  and  enough 
Pjq   247  rivets  are  used  to  transfer  the  stress  taken  by  the  pin  plates  to 

the  web.     The  stress  in  bearing  taken  by  the  web  and  by  the 
pin  plate  is  in  proportion  to  the  thickness  of  each. 

Illustrative  Problem. — Consider  the  thickness  of  the  channel  web  to  be  >4  in.  and  that  of  the  plate  ?i  in 
Compute  the  number  of  Ji-in.  rivets  necessary  to  connect  the  plate  to  the  channel.     Assume  a  3-in.  pin. 

Bearing  value  on  pin 24,000  lb.  per  sq.  in. 

Bearing  value  of  rivets 24,000  lb.  per  sq.  in. 

Shearing  value  of  rivets 12,000  lb.  per  sq.  in. 

The  stress  taken  by  the  pin  plate  is 

(?g)  (24,000)  (3)  =  27,000  1b. 

The  value  of  a  ?i-in.  rivet  in  single  shear  is  (from  Table  11)  5300  lb.  and  the  bearing  value  is  4500  lb. 
The  number  of  rivets  required  is,  therefore 

27,000        ^    .     , 
45W   =  ^  "^"*^ 
The  value  of  the  pin  connection  is 

(5i)  (24,000)  (3)  =  45,000  1b. 

Illustrative  Problem. — Suppose  a  J-^i-in.  plate  is  used  on  the  back  of  the  channel  and  the  ^i-in.  plate  is  made. 
j'i  in.     Determine  the  number  of  rivets  required  to  develop  the  value  of  the  pin  in  bearing. 

The  total  thickness  of  metal  is 

>4  +  3-i  +  >2   =  1  in. 
and  the  bearing  value  is 

The  bearing  on  the  >2-in.  plate  is 

The  bearing  on  the  Ji-in.  plate  is 


(1)  (24,000)  (3)  =  72,000  1b.  (see  Table  16) 

O2)  (72,000)   =  36,000  1b. 
(>i)  (72,000)   =  18,000  1b. 


One  rivet  is  good  for  4500  lb.     If  one-half  of  the  rivet  value,  or  2250  lb.,  be  allowed  in  each  plate,  the   number  of 
rivets  required  for  the  J-^-in.  plate  is 

18,000        _    .     , 

"2250"  =  ^  "^^*' 

Then,  in  the  ?^-in.  plate,  additional  rivets  at  a  value  of  4500  will  be  necessary,  or 

36,000  -  18,000        ^     .     ^ 
__ =  4  nvets 

If  the  value  of  a  rivet  is  assumed  to  be  divided  between  the  plates  in  proportion  to  their  thicknesses,  the  values 
will  be 
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For  the  K-in.  plate 1500  lb. 

For  the  M-in.  plate 3000  lb. 

Then  the  number  of  rivets  required  will  be  the  same  in  eacli  plate,  or 

18.000 


1500 
36.000 


12  rivets 
1 2  rivets 


The  total  number  of  rivets  required  to  carry  the  stress  in  the  plates  is 

30,000  +  18,000 

4500 =  12  rivets 

In  designing  tension  members  the  net  area  through  the  pin  hole  and  also  at  the  back  of  the 
pin,  should  be  such  that  failure  will  not  occur  at  these  points.     Some  specifications  require  that 
the  net  area  on  Une  xx{see  Fig.  248)  be  25%  greater  than  the  net  area  of  the  pin  plate  on  aa, 
and  that  the  net  area  on  yij  be  75%  of  the  area  on  xx.     Other  specifications 
require  that  the  net  area  on  line  xx  be  25%  greater  than  the  net  area  of  the 
pin  plate  on  aa  and  that  on  yy  be  equal  to  the  net  area  on  aa.     The  net 
area  of  the  plate  on  section  aa  should  be  equal  to  or  greater  than  the  net 
section  of    the  member    to    which  it  is  riveted.     The  method  outlined 
under  rivets  should  be  used. 

133c.  Pin  Packing. — A  sketch  showing  the  arrangement  of 
the  members  connected  by  a  pin  should  always  be  made  in  order  that  the 
different  members  will  be  placed  properly  when  the  structure  is  erected. 
Suppose  in  Fig.  246,  members  2  and  3  are  interchanged;  the  moments 
would  then  be  (see  Fig.  249). 

Hor.  mom.  about  a  =  (1  >g) (50,000) +  (%6) (6000)  =  59,625  in.-lb. 

Hor.  mom.  about  b  =  (liK6)(50,000)+  (1M)(6000)  -  (%6)(50,000)  = 
63,000  in.-lb. 

Vert.  mom.  about  &  =  (6000)  (13^)  =  6750  in.-lb. 

Mb  =  a/(63,000)2  _(_  (6750)2  =  63,360  in.-lb. 

which  is  almost  two  times  the  maximum  moment  found  for  the  other  arrangement  of  members. 
When  there  is  a  space  between  two  members,  fillers  should  be  used  to  keep  them  in  position. 

133d.  Clearance. — In  designing  a  pin- 

^ooib  ■, — i-j     connected   joint,  usually  J'fg  in.  is  allowed  between 

I^^  eyebars;  3*8  i"^-   between    an  eyebar  and  a  built-up 

member;    and   3^    in.    between    built-up   members. 

Rivet  heads  or  any  projection  should  be  considered 

and  the  above  clearances  allowed  in  addition  to  the 

height  of  the  projection. 

133e.  Grip. — The  length   of   a   pin  is 

Then  to  this  length  >^  to  ^4  in.  is  added  to  obtain 

Cotter  pins  are  not  used 


Fig.  248. 


oV.OOOIt 


"eodolh 


SO.OOOId^ 


6000  ib.^ 


yt  of  pin 


Fig.  249. 


computed  allowing  the  above  clearances. 

the  grip.     Tables  18  and  19  give  the  dimensions  for  standard  pins. 

a  great  deal  e.\cept  in  lateral  connections  and  when  used  the  bars  should  be  arranged  so  the 

pin  will  be  in  double  shear. 

133/.  Pin  Holes. — Specificat-ians  usually  re- 
quire that  the  diameter  of  a  pin  hole  shall  not  exceed  the 
diameter  of  the  pin  by  more  than  J'^o  in.  for  pins  up  to  5 
in.  in  diameter;  for  larger  pins,  3'3  2  in.  may  be  allowed. 
The  distance  center  to  center  of  pin  holes  is  usually  required  to  be  correct  to  ^3  2  in. 

133^^.  Pilot  Point  and  Driving  Nut. — To  prevent  the  threads  on  the  ends  of  the 
pin  from  being  injured  when  the  pin  is  driven,  a  pilot  point  and  driving  nut  are  used  (see  Fig. 
250).  These  are  threaded  the  same  as  the  pin  nuts  and  after  driving  the  pin,  they  are  unscrewed 
and  the  nuts  put  on. 


■  Driving  nuf-         _  _        Pilp-f  point 
Pin 

Fig.  250. 
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Table    18. ^ — Recessed   Pin   Nuts — American   Bridge   Company   Stajntdard 

(All  Dimensions  in  Inches) 
J 

ML. 


Diameter  of  pin, 
d 

Pin 

Nut 

Thread 

Add 

o     m 

Diameter 

2  ■* 

Pat- 

a 

6 

to 
grip 

n 

m 

c 

s 

P    % 

.5P  2 
1^ 

tern 
No. 

2,       2K 

13^ 

1 

K 

^ 

21^6 

SH 

2^ 

34 

1   Me 

1.1 

PN21 

2H.  2^i 

2 

\y% 

3-^ 

1 

3  Me 

43^ 

33-^ 

34 

liiKe 

1.7 

PN  22 

3, 

*3H,  3M 

2H 

IK 

34 

13^ 

4  Ks 

5 

SVs 

H 

2  Me 

2.5 

PN23 

*3?4,  4 

3 

\H 

3-^ 

13-i 

4  -lA 

5^ 

4H 

H 

21^6 

3.7 

PN  24 

*4M, 

4>^,*4?i 

3>^ 

IK 

3-i 

1% 

5  ?i 

6^ 

534 

Vi 

3  Me 

4.6 

PN  25 

5,      *5M 

4 

1^ 

3-^ 

13^ 

6  3-i 

7^6 

5?i 

H 

31M6 

6.2 

PN  26 

5H, 

*5Ji,  6 

4M 

i^i 

K 

\% 

7 

8>^ 

63^ 

^s 

4  Me 

7.8 

PN  27 

*6J.i,*6>^ 

5 

m 

^i 

m 

7  ?^ 

8^^ 

7 

H 

41  Me 

9.9 

PN  28 

*6Ji,  7 

5H 

2 

Ji 

m 

8  3^ 

9^ 

73-^ 

H 

5  Me 

11.8 

PN  29 

'7K,  71-^ 

5>^ 

2 

Ji 

m 

8  % 

10 

8 
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5  Me 

14.3 

PN  30 
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8.     "SK 

6 

2H 

^i 

2H 
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H 
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6 
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10 

6 
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?i 
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11  Vi 

13 

10?^ 

?4 

S'Me 

31.1 

PN33 

Pins  marked  *  are  special. 

Table     19.*— Cotter     Pins — American     Bridge     Company     Standard 

(All  Dimensions  in  Inches) 


Pin 

Head 

a 

Cotter 

Pins 

ffl 

Cotter 

V 
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Pi 

c 
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2 
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5 
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H 
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3M 

+ 
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2H 

2H 
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3M 
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5 

6 

6 
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H 

H 
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H 

H 

3-2 

hi 

^2 

1  From  Pocket  Companion,  20th  edition,  Carnegie  Steel  Co.,  Pittsburgh,  Pa. 
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MASONRY  ARCHES 
By  Alfred  Wheeler  Roberts 

Flat  arches  are  common  in  the  walls  of  ordinary  buildings  for  spanning  over  window  or 
ioor  openings,  but  in  buildings  which  call  for  a  great  deal  of  architectural  adornment,  the 
lurved  arch  is  used  as  it  adds  a  great  deal  to  the  appearance.  The  exact  form  of  arch  to  be 
jsed  in  any  given  case  depends  upon  the  style  of  the  building  and  the  amount  of  space 
ivailable. 

An  arch  over  an  opening  in  a  building  does  the  work  of  a  lintel  by  supporting  the  wall 
)ver  the  opening  and  any  superimposed  load.^  Thus  an  arch  answers  the  same  purpose  as 
m  ordinary  beam,  but  the  action  is  quite  different,  inasmuch  as  a  beam  produces  vertical 
eactions  only,  while  an  arch  produces  an  outward  thrust  upon  its  supports  as  well  as  a  ver- 
tical pressure.  In  designing  arches,  special  care  should  be  taken  that  the  supporting  abut- 
nents  are  capable  of  taking  this  outward  thrust. 

In  plain  buildings  where  the  window  openings  form  no  particular  adornment  to  the 
itructure,  it  is  usually  a  great  deal  cheaper  to  carry  brick  work  on  lintels  over  an  opening. 
These  lintels  usually  consist  of  several  pieces  of  plain  angle  irons,  the  outer  one  of  which  is  set 
\  trifle  below  the  ones  supporting  the  back  courses  of  brick  work,  to  hold  the  window  box  in 
josition  and  to  act  as  a  weather  guard. 

In  the  construction  of  masonry  arches, 
orms  are  built  usually  of  wood,  the  top  of  rr"""VV""""Vos^.i^^'=f'^'^~7^II>-v^-'^^5(7/r 
;hese  forms  coinciding  with  the  line  of  the 
ntrados  of  the  arch.  The  forms  serve  as  a 
iupport  for  the  different  arch  sections  until 
;he  keystone  is  placed  and  the  masonry 
las  had  sufficient  time  to  set. 

134.  Definitions. — The  intrados  is  the 
nner  curve  of  the  arch  (Fig.  251).  The 
)uter  curve  is  termed  the  exirados.  The 
offit  is  the  concave  surface  of  the  arch.  Fig.  251. 
Voussoirs  or  ringstones  are  the  pieces  com- 
posing the  arch.  The  highest  or  center  stone  is  called  the  keystone  or  keij  block.  The  crown 
s  the  highest  part  of  the  arch.  The  first  courses  at  each  side  are  called  springers.  In  a 
egmental  arch,  the  inclined  surface  or  joint  upon  which  the  end  of  an  arch  rests  is  called 
I  skewback.  The  springing  line  is  the  inner  edge  of  the  skewback.  The  voussoirs  between 
,he  keystone  and  the  springers  are  called  collectively  the  haunch  of  the  arch,  and  the  portion 
)f  the  wall  above  the  haunches  and  below  a  horizontal  line  through  the  crown  is  termed  the 
pandrel.  The  sides  of  the  arch  which  are  seen  are  called  faces.  The  span  is  the  horizontal 
listance  between  springing  lines  measured  parallel  to  the  faces.  The  rise  is  the  height  of 
ntrados  at  crown  above  level  of  springing  lines. 

The  keystone  is  sometimes  made  to  project  several  inches  above  the  extrados  line,  but 
his  portion  so  projected  adds  nothing  to  the  strength  of  the  arch  and  is  usually  elevated  for 
ippearances  only. 

135.  Depth  of  Keystone. — There  is  no  exact  method  of  determining  the  required  depth 
)f  the  voussoirs  or  of  the  keystone.  The  thickness  of  an  arch  must  be  assumed  and  then  the 
irch  investigated  in  regard  to  strength. 

There  are  several  rules  that  have  been  established  by  recognized  authorities  for  establishing 
he  depth  of  keystones,  but  these  are  admitted  to  be  only  empirical.  They  are  a  good  guide, 
lowever,  for  making  a  selection  for  trial. 

Trautwine's  formula  for  the  depth  of  the  keystone  for  a  first-class  cut-stone  arch,  whether 
lircular  or  elliptical  is 

Depth  of  key  in  feet  =  \i \/radius  of  intrados  -f-  — ^ h  0.2 

'  See  also  Art.  29. 
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For  second-class  work,  this  depth  may  be  increased  about  }4  part;  and  for  brick  work  or  fa 
rubble,  about  3'3- 

136.  Forms  of  Arches. — Arches  are  built  in  a  great  variety  of  forms,  the  most  commc 
of  which  are  semicircular,  segmental,  multi-centered,  and  elliptical.  The  name  is  determine 
by  the  curve  of  the  intrados  or  inner  curve  of  the  arch. 

The  joints  of  semicircular  and  segmental  arches  radiate  from  a  single  center.  In  arch' 
having  two  or  more  centers,  the  joints  in  each  arc  radiate  from  their  respective  centers.  Tl 
joints  in  flat  arches  radiate  from  the  vertex  of  an  equilateral  triangle  having  the  span  lii 
at  springing  as  a  base. 

Semicircular  and  semi-elliptical  arches  are  full  centered — that  is,  they  spring  from  hoi 
zontal  beds — while  segmental  arches  spring  from  inclined  beds  called  skewbacks  (see  Fig.  2.51 
Multi-centerd  arches  may  have  beds  either  inclined  or  horizontal.  Minor  cur\^es  joining  tl 
arch  soffit  to  pier  or  abutment  are  not  effective  and  should  not  be  considered  as  part  of  the  an 
rise.  Full  centered  arches  should  be  used  when  it  is  necessary  to  make  the  abutments  of  tl 
arch  as  small  as  possible. 

A  relieving  arch  is  one  set  immediately  above  a  lintel,  to  carry  the  wall  above  and  to  relic 
the  lintel  of  all  except  its  own  weight  and  the  weight  of  the  wall  between  the  lintel  and  t 
arch.  This  form  of  construction  is  generally  used  in  brick  walls.  Some  building  cod 
require  a  relieving  arch  over  the  procenium  girder  in  a  theatre. 

137.  Brick  Arches. — Arches  built  of  brick  are  most  commonly  used  over  -^v-indow  opening 
They  are  also  used  to  support  sidewalks  over  vaults.  In  constructing  these  vaults,  bri 
arches  are  sometimes  sprung  between  the  vertical  columns  at  the  curb  and  make  a  verj'  effecti 
retaining  wall. 

When  fireproof  structures  were  first  used,  bxick  arches,  sprung  between  the  flanges 
iron  beams,  were  used  to  support  the  floors.  As  this  form  of  construction  is  verj'  unsight' 
it  is  not  used  in  modern  construction,  except  occasionally  in  buildings  of  an  unfinish 
nature,  such  as  in  warehouses  and  mills. 

Brick  arches  can  be  built  either  of  wedge-shaped  bricks  made  to  fit  the  radius  of  the  sofl 
or  of  common  bricks.  The  former  method  is,  of  course,  preferable  but  much  more  expensi^ 
The  common  forms  of  building  brick  will  be  found  to  fill  most  requirements,  and  to  be  the  mc 
economical  in  cost.  A  brick  arch  should  never  be  less  than  4  in.  in  depth,  and  the  bricks  shoi; 
be  laid  on  edge  supported  by  a  temporary  center  until  they  have  properly  set.  In  using  comm 
size  brick  the  joints  at  the  intrados,  will,  by  necessity,  be  smaller  than  at  the  extrados  to  accomn 
date  the  curvature  of  the  arch.  Unless  the  curvature  is  very  sharp,  the  mortar  will  take 
the  difference  in  space  satisfactorily,  in  which  case  small  pieces  of  slate  can  be  driven  in  the  spa( 
at  the  extrados  of  each  course  of  brick. 

An  arch  4  in.  thick  will  support  a  considerable  load  over  a  span  of  from  4  to  6  ft.  a 
the  span  can  be  made  as  large  as  8  ft.  for  loads  in  proportion,  with  safetj'.  If  arches  f 
more  than  4  in.  thick,  the  bricks  should  be  alternated  by  laying  one  on  edge  and  the  next  on  e 
to  form  a  bond. 

For  arches  supported  on  piers  which  have  not  the  stabilitj^  to  take  the  arch  thrust,  cast-ir 
skewbacks  should  be  provided  from  which  to  spring  the  arch  and  the  thrust  is  then  taken  up 
tension  rods  fastened  to  the  skewbacks.     The  horizontal  thrust  of  the  arch  is  very  close 
determined  by  either  of  the  following  formulas  and  equals  the  tension  produced  in  the  rods : 

1.5  X  load  per  square  foot  X(span)- 


Thrust 
Thrust  = 


rise  of  arch  in  inches 
load  on  arch  X  span 


8  X  rise  of  arch  in  feet 

Good  proportions  of  rise  to  span  occur  when  the  radius  is  equal  to  the  span,  or  }^  of  t 
span  equals  the  rise. 

The  required  minimum  thicknesses  of  brick  arches  in  })rop()rtion  to  the  span  is  cover 
by  the  various  building  codes. 

For  all  brick  arches  carrying  floors,  tie  rods  should  be  provided  between  the  support i  "^ 
beams  or  walls  to  take  up  the  thrust. 


138.  External  Forces.— Let  Pi  and  P2,  Fig.  252,  represent  the  resultants  of  all  the  loads 
n  the  left  and  right  halves  of  the  arch  respectively,  the  loads  being  equal  in  amount  and 
pplied  symmetrically  with  respect  to  the  span  of  the  arch.  Let  Ri  and  ^2  represent  the 
ertical  reactions.  As  the  loads  are  equal  and  symmetrically  placed  with  respect  to  the  span 
the  arch,  then  Ri  and  R2  are  equal  to  each  other  and  equal  to  loads  Pi  and  P2.  Let  Rs  and  Ri 
present  the  horizontal  thrust  at  the  supports  which 
ill  both  be  equal. 

Now  assume  one-half  of  the  arch  to  be  taken  away  as 
Fig.  253.  To  preserve  equilibrium  in  the  half  shown, 
force  must  be  applied  at  the  crown  as  Rb,  which  must 
e  equal  to  R3.  The  algebraic  sum  of  the  vertical  forces, 
nd  likewise  the  sum  of  the  horizontal  forces,  must  equal 
ro  in  order  to  produce  equiUbrium.i     Then  Pi  must 


'[  lual  Pi,  and  P5  must  equal  P3.     Also  the  sum  of  the 
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oments  about  any  point  must  equal  zero.i 

its  =  P3  = 


Therefore,  taking  moments  about  the  abutment, 

Pl(P)  P2(P) 


Fig.  253. 


C  ~  C 
Any  number  of  loads  can  be  treated  in  the  same  manner  and  if  they  are  equal  and  sym- 
metrical about  the  center  of  the  arch,  only  one-half  of  the  arch  need 
be  investigated  as  both  halves  will  be  ahke.  If,  however,  the  loads 
are  not  equal,  or  are  not  placed  symmetrically,  or  if  the  arch  is 
unsymmetrical,  the  thrust  at  the  crown  will  not  be  horizontal. 
Only  symmetrical  conditions  will  be  considered  in  this  chapter  as 
is  usually  the  case  with  arches  in  building  construction. 

139.  Determining  the  Line  of  Pressure.— To  get  a  fair  idea  of 
the  nature  of  the  stresses  and  the  hne  of  pressure  in  an  arch,  con- 
sider the  following  conditions: 
Suppose  a  cord,  fastened  at  each  end  supports  a  number  of  loads  as  in  Fig.  254.     The  cord 
ill  take  a  position  of  equilibrium,  depending  on  the  amount  and  location  of  the  loads.     In 
case  like  this,  the  cord  is  in  tension.     For  an  inverted  case,  as  shown  in  Fig.  255,  the  forces 
e  still  in  equilibrium,  but  in  place  of  a  cord  in  tension,  the  broken  line  between  the  points 
loadings,  must  be  members  capable  of  taking  compression.     The  latter  case  represents  the 
ndition  that  exists  in  an  arch,  and  the  line  intersecting  the  vertical  load  lines,  forms  the  line 
^  pressure  or  line  of  resistance.'     The  material  of  which  the  arch  is  constructed  must  be  of  such 
^  rength  and  so  disposed  as  to  safely  resist  the  compressive  forces  acting  along  this  line— that 
the  maximum  intensity  of  pressure  at  any  point  must  not  exceed  the  allowable  stress. ^ 

The  line  of  pressure  for  a  masonry 
ch  should  lie  within  the  middle  third  \ 
the  arch  ring.  For  instance,  with 
arch  3  ft.  deep,  the  line  of  pressure 
ould  be  within  a  space  6  in.  on  either 
le  of  the  center  of  the  depth.  If 
e  line  of  pressure  falls  outside  of  the 
ddle  third,  the  joints  tend  to  open, 
lich  condition  will  tend  to  make  the  arch,unsightly,  and  cause  cracks  in  the  masonry  above 
e  arch;  also,  the  pressure  line  may  make  an  angle  with  some  of  the  joints  between  voussoirs 
:;h  as  to  cause  the  voussoirs  to  slide  on  their  surfaces  of  contact — in  other  words,  the  tangent 
the  angle  between  the  line  of  pressure  and  the  normal  to  any  joint  may  be  greater  than 
e  coefficient  of  friction. 

»  See  Sect.  1,  Art.  43b. 

2  Since  loads  are  distributed  in  an  arch,  the  line  of  pressure  is  in  reality  a  continuous  curve,  but  differs  very 
le  from  an  equilibrium  polygon  for  the  concentrated  loads  as  usually  assumed.  For  method  of  drawing 
fl^librium  polygon,  see  Sect.  1,  Art.  43(a). 

=  See  Sect.  1,  Art.  103,  for  explanation  as  to  how  the  maximum  unit  stress  may  be  obtained  at  any  given  section 
ij^vided  the  normal  component  of  the  resultant  thrust  on  the  section  is  known  in  position  and  amount. 


Fig.  255. 
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To  determine  the  line  of  pressure  or  equilibrium  polygon  for  any  voussoir  or  plain  concret 
arch,  a  point  on  this  line  must  be  determined  at  the  crown  and  one  at  the  abutment,  otherwise  ai 
indefinite  number  of  lines  of  pressure  could  be  drawn.  The  true  Une  of  pressure  is  usually  con 
sidered  to  be  the  one  lying  nearest  to  the  center  line  of  the  arch.  It  follows,  therefore,  that  if  ; 
line  of  resistance  can  be  drawn  within  the  middle  third  of  the  arch  ring,  the  true  line  of  resistanc 
will  lie  within  the  middle  third.  It  is  not  always  possible  to  determine  at  first  trial  as  t' 
whether  a  line  of  pressure  can  be  drawn  which  will  be  wholly  within  the  middle  third.  By  usin.: 
good  judgment,  however,  in  the  selection  of  controlling  points  through  which  to  pass  the  equihb 
rium  polygon  or  line  of  pressure,  two  or  three  trials  will  usually  suffice.  If  a  line  of  pressur 
cannot  be  drawn  so  as  to  pass  through  the  middle  third,  either  the  thickness  of  the  arch  mus 
be  increased  or  the  shape  of  the  arch  ring  changed. 

For  the  first  trial  the  middle  points  at  the  crown  and  skewback  may  be  assumed  as  p>oint 
on  the  line  of  pressure.  For  other  trials,  however,  the  upper  limit  of  the  middle  third  shoul 
be  used  at  one  joint  and  the  lower  limit  of  the  middle  third  at  the  other  joint. 

The  following  is  quoted  from  the  American  Civil  Engineers'  Pocket  Book  and  shows  ho' 

one  may  proceed  i 
determining  as  t 
whether  a  Une  of  pre 
sure  may  be  draw 
within  the  midd 
third  of  the  arch  rir 
after  a  first  trial 
made  and  the  fir 
pressure  line  found 
lie  outside  of  tl 
jniddle  third: 


Fig.  256. 


Fig.  257. 


After  having  drawn  a  resistance  line  which  passes  outside  of  the  middle-third  at  one  or  more  places,  an  atten 
should  be  made  to  find  another  one  which  lies  within  it.  For  tiiis  purpose  find  on  the  drawing  the  two  joints  wh' 
the  resistance  line  departs  most  widely  from  the  neutral  axis  and  select  two  points  Ai  and  Ai  on  those  joints  wh 
are  nearer  that  axis,  Ai  being  on  the  joint  which  is  the  nearer  to  the  crown.  Let  Pi  and  Ps  be  the  sum  of  all  loj 
between  the  crown  and  Ai  and  A2  respectively,  ai  and  02  be  the  horizontal  distances  from  Ai  and  Ai  to  the  lines 
action  of  Pi  and  P2,  h  =  vertical  distance  from  crown  to  A2,  and  h'  =  vertical  distance  between  Ai  and  A2;  tl 
the  horizontal  thrust  H'  for  the  new  resistance  line  and  the  distance  t  from  the  crown  to  its  point  of  application  ; 
(Cain's  Voussoir  Arches,  1904) 


(Piai  -  Pioi) 
h' 


h  - 


With  this  new  horizontal  thrust  a  second  resistance  line  may  be  drawn  and  this  should  pass  through    the  poi 
Ai  and  Ai. 

In  taking  the  loads  on  arches,  all  weights  must  be  reduced  to  the  same  standard.  T 
loads  are  made  equivalent  to  masonry  weighing  in  pounds  per  cubic  foot,  the  same  as  t 
masonry  of  the  arch  ring.  Usually  1-ft.  width  of  the  arch  is  considered.  To  determine  t 
loads  to  consider  in  investigating  flat  segmental  arches,  the  arch  ring  and  its  load  may 
divided  into  vertical  slices,  as  shown  in  Fig.  256.  For  full-centered  arches,  however,  it  is  mc 
accurate  to  divide  the  arch  ring  into  a  certain  number  of  voussoirs,  the  rest  of  the  load  bei 
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divided  vertically,  as  shown  in  Fig.  257.     In  this  case,  it  is  less  easy  to  find  the  position  of  each 
load  than  in  the  vertical-slice  method  but  the  method  of  investigation  is  the  sanic.i 

139a.  Graphical  Method. — Begin  by  drawing,  to  scale,  a  diagram  of  one-half 
bhe  arch.  The  load  upon  one-half  the  arch  must  next  be  determined.  Lay  off,  to  scale,  a 
deight  of  masonry  whose  weight  will  represent  this  load.  Commencing  at  the  crown,  divide 
the  load  into,  say,  2-ft.  sections  as  far  as  possible.     The  weight  of  each  slice  will  be  its  contents 

''  nultiplied  by  the  weight  per  cubic  foot,  and  is  marked  on  the  diagram.  Next,  fix  a  point  at  the 
jrown,  and  one  at  the  spring  of  the  arch,  through  which  the  pressure  curve  or  equilibrium  poly- 
gon is  assumed  to  pass.  The  points  may  lie  anywhere  within  the  middle  third  of  the  width; 
3ut  the  point  "o"  at  the  crown  has  been  taken  at  the  outer  edge,  and  the  point  "w"  at  the 
jpring  at  the  inner  edge,  of  the  middle  third. 

Lay  off  from  "a"  on  the  vertical  ad',  the  distances  ah,  he,  cd,  etc.,  which  represent  the  weight 
if  the  slices  from  the  crown  to  the  spring.  Next  draw  45-deg.  lines  from  a  and  h,  intersecting 
it  i;  and  from  i  draw  ih,  ic,  id,  etc.  Through  the  center  of  gravity  of  each  slice,  draw  a  vertical, 
is  ov,  pw,  qx,  etc.     Starting  from  a,  draw  av  parallel  to  ai;  from  v,  draw  vw  parallel  to  hi,  etc. 

'  These  lines  form  a  broken  line,  which  changes  its  direction  on  the  vertical  line  through  the 

3enter  of  gravity  of  each  slice.     From  the  last  point  k,  draw  kj  parallel  to  ih,  and  intersecting 

re 
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Fig.  258. 


xi,  extended,  at  j;  from  j  draw  a  vertical  line  j7,  which  will  pass  through  the  center  of  gravity 
jf  the  half  arch  and  load.^  From  I,  lay  off  a  distance  Im  equal  to  ah,  which  represents  the  weight 
)f  all  the  slices.  From  I  draw  a  line  through  the  point  w,  and  from  m,  a  horizontal  line  inter- 
;ecting  lu,  extended,  at  n.  Then  mn  will  be  the  horizontal  thrust  at  the  crown,  required  to 
naintain  the  half  arch  in  equiUbrium  when  the  other  half  is  removed;  and  In  will  be  the  direc- 
:ion  and  amount  of  the  oblique  thrust  at  the  skewback.  On  la  extended,  lay  off,  from  a,  a  dis- 
ance  ah'  equal  to  mn.  From  h' ,  draw  lines  to  b,  c,  d,  etc.,  which  represent  the  thrusts  at  the 
;enter  of  gravity  of  each  slice.  From  a,  draw  ao,  parallel  to  h'a;  from  o,  draw  op,  parallel  to 
)'6,  etc.,  then  a,  o,  p,  etc.,  will  be  points  on  the  line  of  pressure.  If  this  line  lies  within  the  middle 
hird,  the  arch  will  be  stable,  provided  the  pressure  is  within  safe  limits.  The  pressure  at  u 
s  found  by  measuring  b'h  with  the  same  scale  as  for  ab,  be,  etc. 

Having  calculated  the  weight  of  the  pier  or  wall,  lay  off  this  weight  oa  the  vertical  line 
rom  h  to  d',  and  draw  d'b'.  Draw  a  vertical  line  through  the  center  of  gravity  of  the  pier, 
iutting  In  at  c';  also,  a  line  from  e',  parallel  to  b'd'.  The  latter  hne  will  be  the  resultant  thrust 
)f  the  arch  ,  after  being  influenced  by  the  weight  of  the  pier.  If  this  line  falls  beyond  the  foot 
>f  the  pier,  at  the  ground  line,  the  pier  will  be  incapable  of  resisting  the  thrust  of  the  arch.  In 
rder  that  a  pier  may  be  secure,  this  final  or  resultant  line  of  thrust  should  fall  on  the  ground 
ine,  well  within  the  middle  third  of  the  base. 

'  For  method  of  determining  the  resultant  of  two  or  more  parallel  forces,  see  Sect.  1,  Art.  44. 
2  See  Sect.  1.  Art.  43(a). 
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1396.  Algebraic  Method. — In  the  arch  shown  in  Fig.  258  the  pressure  curve 

is  considered  as  passing  through  the  points  at  the  abutments  3*^  the  depth  of  the  voussoirs  fron 

the  intrados,  and  through  the  center  of  depth  at  the  crown.     The  arch  and  load  are  dividet 

by  dotted  lines  into  sections,  which,  for  convenience  are  numbered. 

If  w  be  the  width  of  any  section  and  h  its  average  height,  then  its  area  "a"  isw  X  h      Also 

if  "c"  is  the  distance  from  the  crown  to  the  center  of  gravity  of  a  section,  the  moment  m  of  an^ 

section  about  the  crown  is  a  X  c.     Call  A  the  sum  of  all  the  a's  from  the  crown  up  to  and  in 

eluding  the  section  considered.     Call  M  the  total  of  the  m's.     Then  the  distance  C  from  th 

crown  to  the  center  of  gravity  of  the  portion  between  the  crown  and  the  section  considered  i 

M 

—  of  that  section.     The  above  values  mav  be  tabulated  as  follows: 

A 


Section 

w 

h 

a  = 

=  wXh 

c 

m  =  a  X  c 

A   = 

=  Sa 

M  = 

2to 

C  = 
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j                      1 
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1                        ' 
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i                        1 

The  horizontal  thrust  at  the  crown,  Q  = 


(x)  (P) 


,  in  which  x  is  equal  to  one-half  the  thd 


retical  span,  minus  the  value  of  C  for  the  sixth  section.     P  is  equal  to  A  for  the  last  section,  ar 
b  equals  the  theoretical  rise  of  the  arch.     Hence,  taking  moments  about  m, 


Q  = 


(x)(P) 


Multiplying  by  the  weight  of  the  masonry  per  cubic  foot,  the  horizontal  thrust  is  obtainei 

The  line  of  pressure  may  now  be  determined  as  follows :  Draw  through  point  p  in  Fig.  21 
the  horizontal  line  yz;  lay  off  to  scale  from  p,  in  order,  the  distances  C  obtained  from  tabl 
At  these  points  lay  off  the  vertical  distance  ef,  gh',  ij,  etc.,  equal  respectively  to  the  values  < 
A  for  each  section,  from  the  column  headed  A.  From  /,  h',  j,  etc.,  to  the  same  scale,  mai 
off  the  constant  horizontal  thrust  Q,  as  at/g,  h'r,js,  etc.  Thus  the  vertical  and  horizontal  forc' 
at  each  section  being  given,  the  resultant  of  these  two  forces  in  each  case  is  eq,  gr,  is,  etc.  E 
tending  each  until  it  intersects  the  joint  beyond  e,  g,  i,  etc.,  the  pressure  curve  may  be  draw 
through  these  latter  points  of  intersection,  as  shown  by  the  heavy  black  line,  and  the  thrust  i 
the  joints  may  be  found  by  measuring  eq,  gr,  is,  etc.,  with  the  scale  to  which  the  diagram  w 
drawn. 

Since  in  this  case  the  pressure  curve  falls  well  within  the  middle  third  of  the  arch  ring,  tl 
arch  may  be  considered  satisfactory,  provided  the  safe  crushing  strength  of  the  masonry 
not  exceeded. 

The  influence  of  the  last  oblique  thrust,  which  is  the  resultant  thrust  of  the  arch  upon  tl 
pier,  or  abutment,  is  explained  in  the  preceding  article  on  the  graphic  solution  of  the  pressu: 
curve. 

140.  Arches  of  Reinforced  Concrete. — Concrete  arches  reinforced  with  steel  are  but  rare; 
used  in  building  construction  so  it  has  been  thought  advisable  to  omit  the  treatment  of  sam 
Arches  of  this  type  are  treated  at  length  in  Concrete  Engineers'  Handbook  by  Hool  and  Johi 
on.     Plain  concrete  arches  may  be  designed  as  described  in  this  chapter. 
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PIERS  AND  BUTTRESSES 
By  Frank  C.  Thiessen 

141.  Methods  of  Failure. — A  pier  ACDB  upon  which  a  thrust  P  acts,  as  shown  in  Fig. 
259,  may  move  from  its  position  by  sUding  on  any  section,  or  by  overturning  when  the  moment 
of  the  thrust  about  a  point  at  the  edge  exceeds  the  moment  of  the  weight  about  the  same  point. 
A  heavy  superimposed  load  on  a  pier,  or  an  inchned  thrust,  as  from  an  arch, 
a  rafter,  or  a  truss,  may  cause  an  intensity  of  stress  at  a  point  in  the  out- 
side edge  sufficient  to  crush  the  masonry.  If  the  pier  is  stable  against  shd- 
ing  along  any  bed-joint  and  also  along  its  foundation,  a  thrust  would  shift 
the  resultant  of  the  vertical  loads,  W,  so  that  the  center  of  pressure  on  the 
foundation  would  no  longer  pass  through  the  center  of  gravity  of  the  pier. 
The  pressure  at  one  side  of  the  base  would  become  greater  than  at  the 
other  side.  K  the  foundation  is  not  firm,  excessive  pressure  may  cause  the  4j 
structure  to  overturn  bodily. 

142.  Principles   of   Stability. — Proper  provision   can  be  made  in  the  p^^   259 
design  and  construction  of  a  pier  to  safeguard  against  failure  as  described 

above.     The  underlying  principles  are  quite  simple. 

In  Fig.  260,  let  W  represent  the  weight  acting  through  the  center  of  gravity  of  the  rec- 
tangular pier,  and  let  P  represent  a  force  tending  to  overturn  the  structure.  Drawing  a  parallelo- 
gram of  forces  (see  Sect.  1,  Art.  42a),  the  resultant  is  seen  to  cut  the  base 
AB  at  a  point  Q.  If  the  force  P  is  increased  sufficiently,  the  resultant  will 
pass  through  A  and  the  structure  will  then  be  at  the  point  of  rotating  about 
A.  A  slight  crushing  of  the  mortar  at  the  edge  would  be  sufficient  to  cause 
rotation.  Therefore,  in  order  to  insure  safe  stability  against  overturning 
and  to  secure  a  satisfactory  distribution  of  pressure,  it  is  customary  to 
limit  the  position  within  which  the  resultant  should  cut  the  base.  In 
ordinary  masonry  piers  the  action  line  of  the  resultant  of  all  forces  should 
intersect  the  base  within  the  middle  section,  or  middle-third  as  it  is  called, 
assuming  the  base  to  be  divided  into  three 
equal  sections. 

If  the  force  P  (Fig.  260)  is  not  acting, 
the  downward    pressure  on   the   foundation  due  only  to  the 

W 
weight  W  is  uniform  and  its  intensity  is  equal  to  -j-  assuming 

the  pier  to  have  a  length  b  and  a  width  of  unity  in  the  direc- 
tion perpendicular  to  the  plane  of  the  paper.  The  horizontal 
force  P,  acting  as  shown,  tends  to  increase  the  pressure  at  A  and 
decrease  it  at  B.  Considering  the  pier  as  a  short  cantilever, 
free  at  the  upper  end,  the  bending  moment  due  to  the  force  P 
will  cause  compression  at  A  and  tension  at  B.  The  maximum 
pressure  at  A  will  be  equal  to  that  due  to  the  weight  of  the  pier 
plus  the  compression  due  to  flexure;  and  the  pressure  at  B 
will  be  the  compression  due  to  the  weight  of  the  pier  minus  the 
tension  due  to  flexure. 

In  Fig.  261  let  A5  represent  the  base  of  a  pier  with  the  resultant  of  all 
forces  (R)  inte'-necting  the  base  line  at  Q.  Resolve  the  inclined  force  R  into 
its  horizontal  and  vertical  components.  Rh  and  Rv  (see  Sect.  1,  Art.  426). 
The  effect  of  these  two  forces  will  be  the  same  as  the  single  force  R.  The 
horizontal  component,  Rh,  tends  to  cause  the  pier  to  slide  along  the  base. 
The  vertical  component,  Rv,  is  equivalent  in  effect  to  an  equal  Rv  acting 
at  O  and  a  couple  whose  moment  is  Rvxo.  At  any  point  distant  x  from  O, 
according  to   the  common  flexure  formula  Csee  Sect.  1,  Art.  616)  the  intensity  of  stress  (or  pressure)   due  to  this 

moment  is  j — ■  in  which  I  is  the  moment  of  inertia  of  the  base  plane  about  a  line  through  O  perpendicular  to 
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<bd^ 


(oa'  \ 

r^,  see  Sect.  1,  Art.  61c  J  ,      The  maximum  values  of  this  expression  occur  when  x  = 

At  the  edges  A  and  B  the  intensity  is  — r., —  ■      The  total  intensity  of  pressure  at  -4.  is 

RV    .   dRvxo        Rv  /.    ,   &X0 


VI 


O+x) 


This  value  should  not  exceed  the  safe  working  strength  of  the  mortar  or  other  materials  of  which  the  structure  is 
built. 

At  the  edge  B 

Rv  /,      6x0 


P2    = 


(-t) 


The  diagrams  of  Fig.  2Gl(a),  261(6),  and  261(c)  show,  respectively,  the  uniform  intensity  of  pressure,  the 
intensity  due  to  flexure,  and  the  combination  of  the  two.     From  an  inspection  of  these  diagrams  it  will  be  seen  that 

the  intensity  at  the  edge  B  will  become  zero  when  -t~   =  — rr, Solving,  xo  =  ^,  that  is,  the  resultant  intersects 

2Rv 
at  one-third  the  distance  AB  from  A.     For  this  condition  the  intensity  of  pressure  at  the  edge  A  will  be  — r —  ,  or 

0 

double  the  average  intensity.  If  the  resultant  falls  outside  the  middle-third  point,  some  tension  might  occur  at  the 
edge  B  but,  as  the  tensile  strength  of  masonry  with  mortar  joints  is  nearly  a  negligible  quantity,  the  tendency  would 
be  to  have  a  greatly  increased  pressure  at  the  edge  A  with  compression  extending  over  only  a  part  of  the  joint. 
When  the  resultant  intersects  within  the  limits  of  the  middle-third,  the  fiill  width  of  the  joint  acts  in  supporting 
the  structure,  the  entire  joint  being  in  compression. 

In  many  cases  architectural  considerations  may  determine  the  preliminary  proportions. 
With  the  dimensions  given,  the  pier  or  buttress  is  then  tested  for  stability.  If  upon  trial  it 
is  found  that  the  resultant  passes  outside  the  middle-third  section  of  a  joint,  the  general  propor- 
tions of  the  pier,  the  position  of  superimposed  loads  or  both,  should  be  changed  to  bring  the 
resultant  within  the  desirable  limits. 

The  horizontal  components  of  the  forces  acting  tend  to  slide  the  structure  over  a  joint  or 
plane  of  weakness,  and  are  resisted  by  the  friction  of  the  surfaces  in  contact.  For  any  hori- 
zontal joint,  motion  will  occur  when  H  =  fW,  where  /  is  the  coefficient  of  friction,  H  the  sum 
of  the  horizontal  components  of  forces  acting  above  the  joint,  and  W  the  weight  of  the  portion 
above  the  joint.  In  the  following  table  are  given  a  number  of  frequently  required  values  oJ 
the  coefficient  of  friction,  with  the  corresponding  values  of  the  angle  of  inclination  at  which 
motion  occurs: 


/  =  tan 


Masonry  upon  masonry 

Hard  limestone  on  hard  limestone. 
Common  brick  on  common  brick.  . 
Concrete  blocks  on  concrete  blocks 
Common  brick  on  hard  limestone  . 

Masonry  upon  dry  clay 

Masonry  upon  moist  clay 

Masonry  upon  sand 

Masonry  upon  gravel 


0.65 
0.65 
0.65 
0.65 
0.65 
0.50 
0.33 
0.40 
0  GO 


33° 

33° 

33° 

33° 

33° 

26°40 

18°20' 

21°50' 

31° 


To  make  sure  that  the  structure  is  stable  against  sliding,  a  safety  factor,  commonly  two 
is  employed.  This  is  equivalent  to  providing  sufficient  resistance  so  that  the  structure  wil' 
remain  stable  under  the  action  of  at  least  twice  the  sliding  force.  Ordinarily,  with  the  dimen- 
sions given,  the  problem  is  to  determine  the  safety  factor,  testing  the  pier  or  buttress  for  its 
stability  against  sliding  at  the  various  bed-joints  or  planes  of  weakness.  If  the  value  of  thf 
safety  factor  is  found  to  be  below  two,  added  resistance  should  be  provided.  Stability  can  bf 
secured  by  giving  the  structure  sufficient  weight,  by  increasing  the  frictional  resistance,  bj 
bringing  vertical  loads  to  bear  upon  the  upper  portions,  and,  if  necessary,  by  proper  bonding, 
doweling,  or  inclining  the  joints.  In  building  foundations  upon  a  moist  clay  soil,  it  is  not 
uncommon  to  add  a  projection  below  the  base. 
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143.  Designing  for  Stability. — -The  stability  of  a  given  pier  or  buttress  is  usually  determined 
graphically,  or  by  means  of  some  algebraic  work  combined  with  a  graphical  analysis.      The  entire 
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Fig.  203. 


Fig.  204. 


problem  may  also  be  solved  algebraically  but  the  graphical  method  is  rapid  and  gives  sufficient 
accuracy  if  the  scale  is  well  chosen.     In  order  to  illustrate  clearly  the 
method  of  procedure,  a  structure  having  the  simple  form  shown  in  Fig. 
262  will  be  tested  for  stability  about  its  base  under  the  action  of  a  thrust  T 
applied  at  the  upper  corner  and  acting  in  the  direction  shown. 

The  first  step  is  to  determine  the  position  of  the  action  line  of  the  weight  (TF)  of  the 
entire  structure  with  respect  to  some  vertical  line,  such  as  the  face  KB.  Divide  the  pier 
or  buttress  into  triangles  or  quadrilaterals  of  which  the  centers  of  gravity  and  areas  may 
be  readily  determined.  For  a  rectangle,  the  center  of  gravity  is  found  at  the  intersection 
of  the  diagonals.  For  a  trapezoid,  a  simple  method  is  as  follows:  Bisect  J K  and  GH,  Fig. 
202,  and  draw  the  medial  line  J'G'.  On  the  line  KJ  extended,  lay  off  from  J  the  distance 
HG;  from  H  lay  oS  to  the  right  along  GH  extended,  the  distance  KJ.  Connect  the  extre- 
mities as  shown.  The  intersection  with  the  medial  line  is  the  center  of  gravity  desired. 
Through  each  center  of  gravity  draw  a  vertical  line  representing  the  action  line  of  the 
weight  of  the  respective  portion.  Starting  (at  the  extreme  right)  at  a  convenient  point  a 
on  the  action  line  of  wi,  lay  off  to  a  convenient  scale  ab  =  wi,  be  =  W2,  cd  =  W3,  and  de  = 
wi  representing  the  weights  of  the  various  portions  of  the  structure.  Choose  a  pole  O  and 
draw  the  rays  Oa,  Ob,  Oc,  Od,  and  Oe  of  the  force  polygon.  The  action  line  of  the  weight 
(W)  of  the  entire  structure  is  found  by  the  aid  of  an  equilibrium  polygon  (see  Sect.  1,  Art. 
43a). 

The  distance  of  the  action  line  of  W  from  the  face  KB  (Fig.  202)  may  also  be  obtained 
by  the  method  of  moments.  If  the  sections  into  which  the  buttress  is  divided  are  simple 
areas,  such  as  triangles  or  rectangles,  the  centers  of  gravity  may  be  readily  found.  Let  the 
distances  from  Ar5  to  the  vertical  lines  through  the  center  of  gravity  of  wi,  W2,  ws,  and  W4 
be  represented  by  xi,  12,  X3,  and  xi,  respectively.  Then  the  distance  xn  is  found  by  taking 
a  summation  of  moments  about  the  line  KB  and  dividing  by  the  total  weight.  Thus,  for 
the  buttress  of  Fig.  202 

{wi.x\)  +  {w-i.xi)  +  {W3.X3)  +  (104.14) 
xo  =  j j j ■ 

Prolong  the  action  line  of  the  thrust  T  beyond  the  intersection  with  the  action  line  of  W 
(Fig.  203).  As  a  force  may  be  considered  as  applied  at  any  point  along  its  action  line,  lay 
off  to  a  convenient  scale  the  forces  T  and  W,  using  the  same  scale  for  both.  Complete  the 
parallelogram  of  forces.  In  this  case  the  action  line  of  the  resultant  of  all  forces  is  seen  to 
intersect  the  base  line  within  the  middle-third  section.  If  the-  point  of  intersection  had  been  outside  the  middle- 
third  point,  it  would  have  been  necessary  to  have  increased  the  base  or  otherwise  rearranged  the  vertical  loads  to 
bring  the  intersection  within  the  proper  limits. 


Fig.  205. 
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If  the  structure  of  Fig.  262  had  been  composed  of  a  number  of  separate  parts  such  as  JKHG,  GHFE,  etc.,  fail- 
ure might  occur  by  sHding,  overturning,  or  crushing  at  any  joint.  Even  if  no  joints  existed,  the  imaginary  joints 
of  all  points  of  weakness  would  be  subject  to  the  same  principles  and  hence  should  be  investigated  for  stability. 
In  Fig.  264  the  pressure  on  the  joint  GH  is  due  to  the  thrust  T  and  the  weight  of  the  portion  JKHG.  The  point  of 
application  of  the  resultant  of  these  two  forces  on  the  portion  GHFE  is  indicated  by  the  arrowhead.  To  find  the 
point  of  application  of  the  pressure  on  EF  this  resultant  is  combined  with  the  weight  of  the  portion  GHFE.  The. 
points  of  application  for  the  other  joints  are  found  in  a  similar  manner.  The  dotted  line  connecting  the  points 
of  intersection  of  the  various  joints  is  called  the  line  of  -pressure,  the  line  of  resistance,  ot  th.e  resistance-line.  If 
the  structure  is  properly  designed  the  resistance  line  will  lie  inside  the  middle-third  section  of  the  structure. 

In  church  structures  it  is  common  to  find  parallel  walls  with  vaulted  roofs,  hammer-beam 
trusses,  or  other  types  having  no  tie  rod  or  bottom  tension  member  to  take  the  fuU  thrust  of 
the  curved  or  inclined  roof.  In  such  cases,  the  outer  walls  must  be  increased  in  thickness 
or  supplied  with  buttresses  to  resist  the  outward  thrust.  Ordinarily  a  trial  buttress,  satisfying 
the  architectural  requirements,  is  first  sketched  and  tested  for  stability  by  dramng  a  pressure 
line  and  determining  the  factor  of  safety  against  sliding  at  the  weakest  joint.  Fig.  265  shows 
the  construction  of  a  pressure  line  for  such  a  buttress.  It  will  be  noted  that  the  structure  is 
divided  into  a  number  of  sections  and  that  one  of  the  lines  previously  drawn  serves  for  the 
load  line  of  the  force  polygon.  The  construction  is  similar  to  that  required  for  the  buttress 
of  Fig.  262. 

TIMBER  DETAILING 
By  Henry  D.  Dewell, 

Timber  detailing  differs  from  steel  detailing  in  that  there  are  no  generally  accepted  stand- 
ards of  connections  for  timber  structures,  as  in  the  case  of  steel  framed  buildings.  In  making 
this  statement,  the  writer  is  not  forgetting  certain  trade  or  stock  joist  hangers,  post  caps, 
etc.,  the  specifications  of  building  ordinances,  and  the  generally  accepted  types  of  details 
of  mill  construction.  In  recent  years,  the  lumber  manufacturers,  notably  the  Southern  Pine 
Association  and  the  West  Coast  Lumbermen's  Association,  are  doing  much  toward  securing  a 
better  class  of  construction  in  timber.  "The  Southern  Pine  Manual"  of  the  Southern  Pine 
Association  and  the  "Structural  Timber  Handbook  of  Pacific  Coast  Woods"  of  the  West 
Coast  Lumbermen's  Association  are  excellent  aids  in  design,  and  should  be  in  the  hands  of  all 
those  designing  and  constructing  in  timber. 

144.  Information  to  be  Given  by  a  Set  of  Plans. — Every  set  of  plans  of  a  timber  framed 
structure  should  fulfill  the  following  conditions:  (1)  It  should  give  such  information  that  the 
cost  of  the  work  may  be  accurately  computed;  (2)  it  should  be  in  sufficient  detail  that  every 
stick  of  timber,  every  rod,  bolt,  or  other  piece  of  iron  or  steel  may  be  listed  and  ordered;  and 
(3)  every  important  detail  should  be  shown  so  that  the  carpenter  may  have  no  excuse  for  framing 
it  incorrectly.  The  lack  of  proper  details  on  a  plan  or  in  a  set  of  plans  is  many  times  due  to 
the  ignorance  of  the  designer  with  regard  to  timber  joints,  and  a  consequent  effort  to  shift  the 
responsibility  to  the  carpenter. 

In  a  steel  framed  building  an  engineer  usuallj^  prepares  the  plans  and  specifications  of 
the  structural  features  of  the  building;  and,  in  most  cases,  the  engineer's  work  is  confined  to 
the  steel  frame  and  foundations.  The  structural  plans  thus  prepared  are  known  as  "contract 
plans"  in  distinction  to  detail  plans  or  shop  drawings.  Floor  framing  plans,  sections  and  eleva- 
tions of  wall  framing  may  be  shown  with  details  of  important  connections  given.  But  ordinary 
connections,  as  of  I-beams  framing  into  I-beams,  are  not  shown,  as  these  connections  are 
standardized  by  the  steel  companies.  In  total,  in  the  case  of  a  steel  framed  building,  a  set 
of  contract  plans  may  be  but  little  else  than  diagrammatic  sketches  with  sizes  of  members  and 
stresses  shown  in  other  members,  leaving  the  details  to  be  worked  out  in  the  shop  of  the  con- 
tractor securing  the  job,  subject  to  the  engineer's  or  architect's  approval. 

Turning  to  the  timber  framed  building,  one  sometimes  sees  plans  where  the  same  procedure 
has  been  attempted.  Such  a  method  cannot  be  satisfactory,  is  a  certain  source  of  trouble, 
and  may  be  disastrous.  Such  a  thing  as  shop  or  detail  plans  in  timber  framed  buildings  is 
practically  unknown.     Consequently,   the  contract  plans  in  this  case  should  be  complete 
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in  every  detail.  The  one  possible  exception  to  this  general  statement  is  in  the  case  of  the  iron 
and  steel  work.  If  the  designer  shows  the  sizes  of  rods,  bolts,  etc.,  with  typical  details  of  other 
steel  members,  as  bases,  castings,  etc.,  and  calls  for  detail  drawings  in  accordance  with  his 
plans  and  specifications  to  be  approved  by  him,  the  result  may  be  satisfactory.  Even  in  this 
case,  however,  the  chances  for  trouble  are  many.  The  iron  work  is  of  such  small  amount  that 
a  small  steel  shop  with  no  drafting  force  will  probably  furnish  the  material,  and  the  details  are 
likely  to  be  disappointing. 

The  writer  believes  that  time  and  money  are  eventually  saved,  and  annoyance  prevented, 
if  the  contract  plans  show  all  details  carefully  worked  out.  It  may  be  stated  that  no  important 
detail  be  left  to  the  discretion  of  the  carpenter.  With  all  due  respect  for  his  experience  and  care, 
he  seldom  understands  the  requirements  of  any  detail  but  the  simplest,  and  many  times  in  his 
endeavor  to  improve  on  a  detail  but  hazily  indicated  actually  weakens  the  structure. 

For  the  proper  presentation  of  the  work,  there  should  be  given  a  general  plan,  framing 
plans  of  roof  and  all  floors,  wall  elevations,  cross  sections  and  longitudinal  sections,  elevations  and 
sections  of  any  special  features,  and  details  of  all  connections  except  the  very  simplest.  These 
latter  may  be  covered  in  the  specifications.  It  is  obvious  that  the  exact  number  of  drawings 
must  depend  wholly  on  the  particular  building. 

145.  Scales. — Ordinarily,  the  general  plan  and  framing  plans  should  be  to  the  scale  of  }4 
or  34  ill-  to  the  foot.  In  many  cases,  the  larger  scale  will  be  necessary  in  order  to  bring  out  the 
different  parts  clearly.  Often,  too,  plans  of  special  features  may  well  be  made  to  an  even 
larger  scale,  say  }>i  in.,  in  addition  to  the  general  plans  which  may  include  such  special  features. 
However,  the  general  plan  to  a  small  scale  should  always  be  made,  as  this  may  be  the  one 
place  where  all  parts  are  assembled  as  a  whole,  and  where  the  entire  structure  may  be  seen  at  a 
glance.     Elevations  and  sections  may  be  shown  to  a  3^  or  K-in.  scale. 

146,  Plans  Required. — Assume  the  case  of  a  timber  framed  building  of  the  mill  building 
type,  100  ft.  long  and  40  ft.  wide,  roof  trusses  spanning  from  wall  to  wall  supported  on  posts ; 
corrugated  iron  walls  and  roof,  and  floor  of  timber  construction  3  or  4  ft.  above  the  ground, 
supported  by  posts  resting  on  concrete  footings.  The  following  plans,  if  properly  drawn,  will, 
with  specifications,  show  the  work  completely 

1.  Grading  plan  to  J^e-in.  scale. 

2.  Foundation  plan  to  Jg-in.  scale,  showing  size  and  location  of  all  piers  and  wall  footings,  with  details  of  the 
individual  footings  and  piers  to  J-:4  or  3'^-in.  scale.  On  this  sheet  any  sewers,  water  or  other  pipes  may  be  shown, 
provided  that  such  pipes  and  connections  are  so  numerous  as  to  merit  a  special  plan. 

3.  Elevations  of  four  walls,  drawn  to  3'8-in.  scale,  showing  all  window  and  door  openings,  the  doors  and  windows 
being  lettered  or  numbered  to  correspond  with  details  of  same.  On  these  elevations  can  also  be  shown  any  other 
openings,  gutters,  downspouts,  any  ornamental  features,  etc. 

4.  Floor  framing  plan,  to  J-^-in.  scale,  showing  sizes  of  joists,  girders,  and  poses,  with  all  dimensions  and 
spacing  of  same. 

5.  Roof  framing  plan,  to  M-in.  scale,  showing  main  trusses,  bracing  trusses,  with  their  proper  letters  or  numbers, 
roof  joists,  bracing  and  bridging. 

6.  General  roof  plan,  to  J-^-in.  scale,  showing  roof  covering,  downspouts,  parapet  walls,  monitors,  roof  slopes, 
etc. 

7.  Wall  elevations,  to  J^-in.  scale,  showing  framing  of  wall,  posts,  girts,  studding  and  bracing. 

8.  Cross  section  of  building,  to  J^-in.  scale,  completely  detailed  as  to  roof  joists,  trusses,  columns,  and  floor 
construction. 

9.  Miscellaneous  details  to  J-^-in.  scale. 

10.  Details  of  all  steel  to  1-in.  scale. 

To  the  above,  if  completely  detailed  plans  are  to  be  made,  should  be  added: 

11.  Wall  elevations  to  J-^-in.  scale,  showing  number  and  size  of  corrugated  steel. 

12.  Material  lists. 

If  the  material  lists  are  made,  the  designer  may  feel  sure  that  his  plans  have  had  a  thorough 
checking.  There  is  no  better  check  on  the  accuracy  and  completeness  of  one's  work  than  a 
detailed  bill  of  materials ;  conversely,  one  can  never  feel  certain  that  all  parts  are  clearly  shown 
until  a  complete  bill  of  materials  has  been  taken  off. 

Drawings  should  never  leave  the  office  if  badly  out  of  scale.  This  is  a  general  statement 
applicable  to  all  construction;  it  holds  particularly  in  timber  construction,  as  the  carpenter 
is  almost  certain  to  scale  some  lengths  of  timbers. 
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A  general  and  comprehensive  note  should  be  placed  on  all  structural  drawings,  even  re- 
peating certain  important  clauses  in  the  specifications.  On  the  job  the  specifications  may  be 
lost;  the  plans  are  never  lost.  One  note  on  the  drawings  is  worth  two  clauses  in  the 
specifications. 


STRUCTURAL  STEEL  DETAILING 
By  Chas.  D.  Conklin,  Jr. 

The  material  in  this  chapter  will  deal  exclusively  with  the  work  of  that  part  of  the  drafting 
room  of  a  structural  steel  fabricating  concern  wherein  shop  detail  drawings  are  prepared.  The 
work  of  the  designing  and  estimating  departments  of  necessity  precedes  the  work  described  and 
illustrated  in  this  chapter.  Designing  methods  for  structural  steel  members  have  been  ade- 
quately covered,  both  from  theoretical  and  practical  points  of  view,  in  previous  chapters  and 
for  such,  the  reader  is  referred  thereto.  It  is  generally  understood  among  structural  engineers 
that  structural  steel  detailing  knowledge  can  best  be  acquired  by  actual  experience  in  the 
drafting  room  where  details  are  made.  In  fact,  among  our  best  detailers  may  be  classed  many 
of  those  who  have  entered  the  drawing  room  as  apprentices,  and  with  little  or  no  theoretical 
training,  have  acquired  their  ability  by  practice,  observation,  and  contact  with  experienced 
draftsmen,  templet  makers  and  shopmen.  The  following  description  and  illustrations  are 
given  with  the  thought  of  presenting  to  the  less  experienced  draftsmen,  some  practical  sugges- 
tions and  methods  that  may  be  of  value  to  them.  It  is  further  hoped  that  the  more  experienced 
may  find  herein  some  valuable  data.* 

147.  Drafting  Room  Organization  and  Procedure. — Shop  detail  drawings  are  the  working 
drawings  by  means  of  which  structural  steel  is  fabricated  in  the  shop.  The}'  form  the  medium 
by  which  the  architect's  or  engineer's  sketches  or  general  drawings  are  interpreted  to  the  fab- 
ricating shop,  in  order  that  the  latter  may  intelligently  and  quickly  manufacture  the  required 
product.  Structural  steel,  unlike  many  other  materials,  is  not  readily  worked  in  the  field  or  on 
the  job.  Hence  accurate  drawings,  showing  the  sizes  and  lengths  of  all  materials,  size  and  loca- 
tion of  all  holes  and  rivets,  all  cuts,  coping,  and  in  fact  every  detail  of  a  structure,  must  be  made 
from  which  the  shop  can  accurately  work.  A  complete  structure  must  be  divided  into  sections 
of  such  dimensions  that  they  can  be  readily  handled,  shipped,  and  erected  and  these  sections 
must  be  marked  with  identifying  marks,  called  erection  or  shipping  marks,  which  are  shown 
on  a  sketch  of  the  completed  structure  for  use  of  the  erector.  All  this  drafting  work  is  done 
under  the  direction  of  the  chief  draftsman,  who  has  entire  charge  of  the  drafting  room  and  should 
be  a  man  of  unquestioned  and  practical  ability.  The  draftsmen  under  the  chief  are  usually 
divided  into  squads  of  from  six  to  eight  men,  who  are  under  the  direction  of  a  squad  chief. 
Those  under  the  squad  chief  may  be  divided  into  checkers,  draftsmen  and  tracers,  although 
sometimes  checkers  work  independent  of  squad  chiefs.  After  the  drawings  are  made  and 
checked,  final  bills  of  material  are  made  therefrom  for  purposes  of  determining  accurate  weights 
for  payment,  shipping,  etc.  Shop  lists  and  shipping  lists  are  also  made.  These  bills  are  pre- 
pared in  a  separate  department,  called  the  billing  department,  under  the  direction  of  a  chief 
bill  clerk. 

The  procedure  of  the  drafting  room  is  somewhat  as  follows:  Information,  including  sketches, 
design  sheets,  general  drawings,  surveys,  copy  of  estimate  and  other  miscellaneous  data  which 
have  been  worked  up  in  the  designing  and  estimating  department  is  handed  to  the  chief 
draftsman,  who  examines  same,  assigns  a  contract  number  to  the  job,  prepares  his  files  for  cor- 
respondence, etc.  and  assigns  work  to  squad  best  able  to  get  out  the  details.  The  squad  chief 
studies  the  work  thoroughly  and  in  detail,  so  that  he  has  in  mind  every  point  that  may  arise  in 
the  preparation  of  the  shop  detail  drawings.  He  usually  makes  a  preliminary  bill  of  material 
required  for  the  job,  so  that  the  material  can  be  ordered  from  the  mill  or  reserved  from  stock. 
In  preparing  this  preliminary  bill,  it  may  be  necessary  for  the  squad  chief  or  an  assistant  to 

'  For  more  elaborate  treatment  of  this  subject,  the  reader  is  referred  to  "Structural  Steel  Drafting  and  Ele- 
mentary Design"  by  Chas.  D.  Conklin,  Jr.,  published  by  John  Wiley  &  Sons. 
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accurately  lay  out  to  large  scale  (say  3  in.  to  1  ft.)  any  details  which  cannot  be  determined  by 
inspection.  The  preliminary  bill  is  passed  on  to  the  stock  clerk,  who  reserves  from  stock  any 
desired  material  and  hands  a  list  of  the  balance  to  the  purchasing  agent  to  be  purchased  from  mill. 
This  is  in  the  form  of  a  requisition,  copies  of  which  together  with  copies  of  the  material  reserved 
from  stock,  are  handed  to  the  chief  draftsman  and  squad  chief.  The  squad  chief  then  appor- 
tions the  work  among  his  men,  according  to  their  ability  to  handle  it.  After  drawings  are  pre- 
pared, they  are  handed  to  the  checker,  who  goes  over  them  in  detail,  noting  any  corrections 
or  desired  changes.  Drawings  are  then  returned  to  draftsmen,  who  back  check  corrections 
or  changes,  make  them,  and  return  drawings  to  checker  for  approval.  Drawings  are  then 
sent  to  billing  department  for  billing,  and  are  then  blue  printed  for  the  shop. 

A  list  of  all  drawings  and  blue  prints  made  should  be  kept,  usually  on  printed  forms,  by  the 
squad  chief.  Extremely  complicated  drawings  may  be  made  in  pencil  on  detail  paper  and 
traced  in  ink  by  a  less  experienced  man.  The  more  usual  and  simpler  method,  however,  con- 
sists of  making  a  pencil  drawing  directly  on  the  dull  side  of  tracing  cloth  and  inking  it  in,  all 
work  being  done  by  the  same  draftsman.  It  is  very  common  now  to  have  drawings  made  on 
either  tracing  paper  or  a  specially  prepared  cloth,  in  pencil  only,  using  a  medium  pencil  and 
making  lines  very  heavy.  These  drawings  make  very  good  blue  prints,  and  effect  a  large  saving 
of  time.  Some  drafting  rooms  require  their  draftsmen  to  make  a  complete  bill  of  material  of 
the  work  detailed  on  a  sheet,  on  the  extreme  right  hand  side  of  the  same  sheet.  This  greatly 
simplifies  the  work  of  the  billing  department. 

148.  Ordering  Material. — In  the  preparation  of  the  preliminary  order  of  material  from 
which  structural  shapes  and  plates  may  be  ordered  from  the  rolling  mill  or  reserved  from  stock, 
the  following  rules  may  be  used  as  they  represent  average  practice : 

1.  Order  main  material  first. 

2.  Beams  and  channels  should  be  so  ordered  that  a  variation  of  ^^  in.  in  length  either  way  will  not  affect  the 
detail.     If  an  exact  length  is  desired,  so  state  in  order  and  an  extra  charge  may  be  made. 

3.  Beams  and  Channels. 

For  wall  bearing  beams,  and  foundation  beams,  order  neat  length. 

For  beams  framing  into  other  beams,  order  1>^  in.  less  (to  the  nearest  J^  in.)  than  the  center  to  center 

distance. 
For  beams  framing  into  columns,  order  1  in.  less  (to  the  nearest  }-i  in.)  than  the  metal  to  metal  distance. 
For  beams  framing  into  riveted  members,  order  1  in.  less  than  the  metal  to  metal  distance. 
Crane  runway  beams,  order  1  in.  less  than  the  distance  center  to  center  of  columns. 
Purlins,  order  1  in.  short  (to  nearest  3-2  in.)  of  distance  center  to  center  of  trusses. 

If  the  end  connections  on  beams  are  milled  after  riveting,  increase  thickness  of  connecting  angles  to  allow 
for  this. 

4.  Columns. 

Order  column  material  milled  one  end  }i  in.  longer  than  figured  length. 
Order  column  material  milled  two  ends,  ^i  to  J^  in.  longer  than  figured  length. 
Order  column  details  in  30-ft.  lengths  (base  angles,  cap  angles,  shelf  angles,  etc.). 
Order  lattice  bars  in  20-ft.  lengths. 

5.  Roof  Trusses. 

Order  chord  angles  J4  in.  long. 

For  web  angles,  lay  out  to  scale,  scale  the  length,  add  about  1>^  in.  and  multiple  to  30-ft. 
For  gusset  plates,  order  in  multiple  lengths  of  about  20  ft.,  arranging  for  as  little  waste  as  possible  if  corners 
are  sheared. 

6.  Plate  Girders. 

Use  an  even  inch  depth  of  web  plate  and  make  distance  back  to  back  of  angles  }i  in.  greater. 

Order  web  plate  of  girder  not  milled  on  the  ends,  ^i  in.  shorter  than  overall  length.       If  milled  on  the  ends, 

order  >2  in.  longer  than  overall  length  for  one  milled  end,  and  J4  in.  for  two  milled  ends. 
Order  flange  angles  J4  in.  longer  than  overall  length. 
Order  full  length  cover  plates  ^4  in.  longer  than  overall  length 
For  cover  plates  less  than  full  length,  order  the  neat  length. 
Mark  cover  plate  U.M.  (universal  mill  or  rolled  edges). 

Order  stiffener  angles  with  fillers  >4  in.  longer  than  neat  distance  between  outstanding  legs  of  flange  angles. 
For  crimped  stiffener  angles,  order  length  equal  to  distance  back  to  back  of  flange  angles  plus  1  in. 
For  heavy  fitted  stiffeners,  allow  J-2  in-  for  one  fitted  end  and  J4  in.  for  two  fitted  ends. 
Order  fillers  under  stiffeners  1.4  in.  clear  of  flange  angles. 
For  diagonal  bracing  angles,  scale  length  and  add  13-2  in. 
Miscellaneous. 
Plates  planed  top  or  bottom  should  be  ordered  Ks  in-  thicker  than  finished  thickness,  for  each  planing. 
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Plates  having  diagonal  cuts  may  be  ordered  to  sketch  when  over  36  in.  wide  and  say  J4  in.  thick, 
depending  somewhat  on  the  equipment  of  the  shop  for  which  material  is  ordered. 

Channels,  I-beams,  and  Z-bars  are  seldom  ordered  in  multiple  lengths. 

In  arranging  multiple  lengths  make  lengths  about  30  ft.  and  not  over  32  ft.  Allow  about  1  in.  more 
than  product  of  length  times  number  required.     Make  all  multiples  end  with  the  nearest  J-i  in. 

Order  plates  to  the  nearest  whole  inch  in  width.      Use  stock  sizes  when  possible. 

149.  Layouts — Riveted  Connections. — When  the  preliminary  bill  of  material  (for  ordering 
purposes)  has  been  completed,  the  next  logical  step  in  the  preparation  of  shop  details  consists 
of  designing  the  riveted  connections  and  making  layouts  of  difficult  points,  if  such  have  not 
already  been  made  for  ordering  purposes.  The  methods  of  designing  riveted  connections  have 
been  described  in  a  previous  chapter.  All  connections  should  be  carefully  investigated  so  that 
there  may  be  no  weak  links  in  an  otherwise  strong  structure.  Difficult  connections  should  be 
drawn  out  in  pencil  to  a  large  scale,  say  3  in.  to  1  ft.,  in  order  to  determine  clearances,  end  dis- 
tances, and  other  necessary  data  for  detailing.  These  layouts  are  sometimes  made  and  riveted 
connections  designed  by  squad  chiefs  although  often  such  are  left  to  the  detailer.  Layouts 
consume  much  time  and  should  not  be  made  unless  absolutely  necessary.  The  usual  scale  to 
which  shop  detail  drawings  are  made  is  |^  in.  to  1  ft. ;  sometimes  1  in.  to  1  ft.  is  used.  In  such 
cases,  it  is  unnecessary  to  make  layouts  of  simple  truss  connections  or  other  diagonal  connec- 
tions of  similar  nature.  A  careful  draftsman  can  readily  determine  all  necessary  data  from  the 
shop  detail  drawing,  which  for  trusses  and  similar  work  should  be  made  accurately  to  scale. 
All  shop  details  should  be  drawn  to  scale  in  so  far  as  possible,  the  only  exception  to  this  being 
the  length  of  beam  sketches  which  may  be  distorted  to  save  space  and  time. 

Theoretically,  the  working  lines  or  skeleton  upon  which  a  truss  or  similar  structure  is  laid 
out,  should  be  the  gravity  lines  of  the  members  composing  the  truss.  Practically,  howe^■er, 
for  light  roof  trusses,  the  rivet  lines  are  used,  thus  much  simplifying  the  work  for  draftsman  and 
shop.  The  skeleton  diagram  for  the  truss  is  laid  out  first  to  scale  and  the  angles  or  other  truss 
members  are  drawn  around  the  skeleton  using  the  latter  as  the  rivet  lines  of  the  angles,  the 
proper  gages  (as  found  in  the  steel  handbook)  being  used.  For  heavy  trusses,  or  similar  struc- 
tures, in  order  to  avoid  excessive  moments  at  the  connections,  the  gravitj^  lines  should  be  used 
as  working  lines. 

150.  Shop  Detail  Drawings. — After  all  layouts  have  been  made  and  connections  designed, 
the  draftsman  proceeds  to  make  the  shop  detail  drawing  to  scales  as  indicated  below.  In  pre- 
paring shop  detail  drawings,  the  draftsman  might  well  keep  in  mind  the  following  rules,  which 
are  typical  of  modern  practice : 

Make  shop  details  to  scale  of  J4  in.  to  1  ft.  or  1  in.  to  1  ft.  In  exceptional  cases,  3-2  or  1>^  in.  to  1  ft.  may  be 
used. 

Use  care  in  placing  drawing  on  sheet  to  avoid  unnecessary  crowding  of  sketches  or  dimensions. 

Size  of  sheet  for  large  drawings  is  usually  24  X  36  in.  Small  sheets  may  be  used  for  detailing  beams,  channels, 
pins,  etc.  Printed  beam  and  channel  sheets,  with  outline  of  beams  and  channels  and  dimension  lines  printed  in 
black  ink,  save  considerable  time  in  this  type  of  detaiHng. 

Title  of  sheet  should  be  placed  in  lower  right-hand  corner. 

Detail  members  as  nearly  as  practicable  in  the  position  which  they  occupy  in  the  finished  structure.  Hori- 
zontal members  should  be  detailed  lengthwise  and  vertical  members,  crosswise  on  the  sheet.  Inclined  members 
and  vertical  members,  such  as  columns,  may  be  detailed  lengthwise  on  the  sheet  in  which  case  the  lower  end  should 
be  placed  to  the  left. 

Show  elevations,  sections,  and  other  views  in  their  proper  positions.  Place  top  view  directly  above  and  bottom 
view  below  the  elevation.     The  bottom  view  is  always  drawn  as  a  horizontal  section  as  seen  from  above. 

For  member  symmetrical  about  a  center  line,  draw  only  the  left-hand  half  and  note  that  it  is  symmetrical  about 
the  center  line. 

Several  members,  when  similar,  but  slightly  different,  may  be  detailed  on  one  sketch,  the  difference  being  showr 
by  notes.  Make  such  notes  positive.  Do  not  use  the  word  "omit."  If  such  notes  become  cumbersome  and  leac 
to  ambiguity,  avoid  them  and  make  another  sketch. 

Eliminate  all  unnecessary  views  and  lines.  Show  just  enough  to  express  to  shop  what  is  intended.  A  shof 
detail  is  just  a  working  drawing  and  nut  a  masterpiece  of  art.  Do  not  cross  hatch,  blacken  or  otherwise  elabor 
ate  a  shop  detail  unless  it  is  absolutely  necessary  to  make  the  drawing  clearly  understood. 

On  the  other  hand,  make  all  work  shown  clear  and  distinct  and  all  dimensions  in  large  figures  so  that  all  can  b. 
easily  followed.  If  a  detail  is  wortli  making,  it  is  worth  making  right  and  in  such  manner  that  shop  will  have  n< 
difficulty  in  interpreting  it. 
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Make  tlie  part  representing  the  steel  work  detailed  of  heavy  black  lines.  Do  not  sliow  hidden  parts  unless 
necessary  for  clearness  and  then  show  these  parts  by  heavy  dotted  lines. 

In  detailing  members  whicli  connect  to  others,  the  latter  may  be  shown  in  red  lines,  in  ord-er  to  illustrate  their 
relative  position.     Avoid  the  use  of  colored  inks  on  shop  drawings  except  in  this  case. 

Dimension  lines  and  rivet  lines  should  be  made  of  fine  black  lines,  full  and  not  dotted.  Dimensions  should  be 
placed  above  dimension  lines,  and  not  in  or  on  them.      Make  fractions  with  horizontal  dividing  hnes. 

Holes  for  field  connections  should  be  blackened.  All  holes  in  a  group  should  be  shown,  as  a  rule.  Rivet  heads 
of  shop  driven  rivets  shall  be  shown  only  when  necessary,  as  at  the  ends  of  members,  when  countersunk,  flattened, 
or  adjacent  to  field  connections.  Make  open  holes  smaller  in  diameter  (on  the  drawing)  than  the  circles  represent- 
ing shop  driven  rivets. 

When  part  of  one  member  to  be  detailed  is  the  same  as  another  already  detailed,  it  is  unnecessary  to  repeat 
dimensions,  etc.     It  is  only  necessary  to  refer  to  the  previous  sketch,  describing  the  parts  that  are  the  same. 

Main  dimensions,  such  as  story  heights,  center  to  center  distances,  etc.,  when  given  on  a  detailed  drawing,  are 
very  helpful  to  a  cliecker. 

The  size  and  length  of  material  should  be  given  close  to  the  part  which  it  represents,  in  clear,  neat  figures.  If 
placed  to  one  side,  an  arrowhead  should  indicate  material  referred  to. 

If  a  series  of  dimension  lines  are  given  adjacent  to  a  sketch,  largest  dimensions  sTiould  be  given  farthest  from 
sketch,  and  small  dimensions  next  to  the  sketch.     Dimension  lines  should  be  drawn  from  1^4  to  Jg  in.  apart. 

Refer  to  steel  handbook  or  Art.  124a  for  conventional  signs  for  rivets;  that  is,  for  method  of  representing,  on 
detail  drawings,  the  various  kinds  of  rivet  Iieads,  such  as  button  head,  countersunk  one  or  both  sides,  etc. 

The  usual  maximum  sizes  for  shipping  by  railway  in  one  freight  car  are  8  ft.  for  width,  10  ft.  for  height,  and 
30  to  40  ft.  for  length.  In  detailing  structures,  field  connections  should  be  placed  such  as  to  keep  the  member  shop 
rivets  within  the  above  sizes.  In  exceptional  cases,  members  may  be  made  longer  than  the  above  and  shipped  on 
two  or  more  cars.  In  export  work,  structures  are  usually  shipped  knocked  down  (in  small  pieces)  to  facilitate 
shipping  by  boat. 

Each  piece  that  is  shipped  separately  should  have  an  erection  or  shipping  mark  which  shall  consist  of  capital 
letters  and  numerals  or  numerals  only.  Do  not  use  small  letters  for  erection  marks.  Pieces  which  are  absolutely 
alike  may  have  the  same  erection  mark.     Trusses  are  usually  marked  TI-T2,  etc. ;  columns  CI-C2,  etc. 

For  purposes  of  assembling  the  various  parts  of  one  member  in  the  shop,  assembling  marks  should  be  used  for 
each  plate  or  shape.  These  shall  consist  of  small  letters  and  numerals.  No  capital  letters  should  be  used.  One 
system  of  assembling  marks  in  common  use  is  given  below. 

Members  which  are  absolutely  similar  but  opposites  are  called  rights  and  lefts.  The  member  detailed  in  such 
cases  is  called  the  right-hand  piece  and  the  opposite  one,  the  left-hand  piece.  The  erection  mark  of  the  former 
is  followed  by  a  large  R  and  the  erection  mark  of  the  latter  by  a  large  L. 

The  number  of  members  required  should  be  distinctly  stated  on  a  drawing.  In  a  list  giving  the  required  num- 
ber of  members,  write  the  word  "one"  out. 

Parts  of  members  which  must  be  shipped  bolted  so  that  they  can  be  taken  off  during  the  erection  should  be 
marked  "  Bolt  for  shipment." 

The  size  of  rivets,  open  holes,  nature  of  shop  paint,  and  other  notes  should  be  specified  near  the  lower  right- 
hand  corner  of  each  sheet. 

For  title,  main  dimensions,  and  shipping  or  erection  marks,  letter  in  heavy  type.  Use  plain  lettering,  medium 
type,  for  other  data. 

Usual  size  of  rivets  for  building  work  is  ^4  in.  in  diameter.  Other  sizes  may  be  used  in  exceptional  cases. 
In  writing  shop  bills,  main  material  should  be  billed  first,  followed  by  smaller  pieces.  Begin  at  the  left  end  of 
a  girder  or  truss  and  at  the  bottom  of  a  column.  Do  not  bill  all  angles  and  then  all  plates;  group  the  material  to- 
gether that  is  assembled  together.  In  case  of  a  column  containing  brackets,  bill  each  different  bracket  complete 
by  itself.  The  shop  bill  is  used  as  a  guide  in  laying  out  and  assembling  the  member  in  the  shop  as  well  as  list  of 
material  required,  and  should  be  made  accordingly.  Members  radically  different  should  be  billed  separately  an  d 
not  bunched  together. 

Use  standard  beam  connections  for  connecting  beams  to  beams,  as  indicated  in  steel  handbook  or  Art.  129a 
except  in  special  cases.     Watch  the  limiting  values  of  such  connections  to  see  that  they  are  not  exceeded. 

In  beam  details,  it  is  usual  to  make  the  distance  center  to  center  of  end  connection  holes  53-2  in.  In  a  beam' 
detail  showing  the  elevation  of  the  web  of  a  beam,  it  is  usually  understood  that  the  horizontal  distance  center  to 
center  of  lines  of  holes,  when  this  distance  is  not  given  on  drawing,  is  53-2  in.  and  the  vertical  distance  between  holes, 
when  not  given,  is  23-2  in. 

Most  structural  steel  shops  have  numerous  standard  details  which  should  be  followed  when  possible. 
Avoid  unnecessary  countersunk  rivets,  as  they  are  very  costly.      Use  the  least  possible  number  of  such  in  the 
bases  of  columns. 

Steel  handbooks  give  standard  gages  (distances  center  to  center  of  lines  of  holes  for  flanges  of  beams  and 
columns  or  distances  from  back  of  angle  to  lines  of  holes  for  angles)  for  beams,  columns,  and  angles  and  these  gages 
should  be  used  when  possible. 

Rivets  should  be  so  spaced  that  they  can  be  readily  driven  in  a  shop  or  field  as  may  be  necessary.  Proper 
clearances  and  spacing  can  be  obtained  from  the  steel  handbook. 

Holes  for  anchor  bolts  are  usually  3-4  to  J-ie  in-  larger  than  the  size  of  the  bolts,  to  allow  for  discrepancies  in 
setting  bolt. 
bej  The  usual  minimum  shop  clearance  between  diagonal  steel  members  and  chords,  as  in  truss  work,  is  3-4  in. 

Filled  clearance,  minimum,  in  such  cases,  should  be  3-2  in.     A  beam  framing  to  other  steel  members  by  means  of 
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connection  angles  should  have  an  overall  length  >^  in.  less  than  the  figured  distance  between  surfaces  against  which 
beam  frames. 

When  one  beam  frames  into  another  with  flanges  at  the  same  elevation,  the  flange  of  the  former  must  be  cut 
out  or  "coped"  to  fit  against  the  flange  of  the  latter.  It  is  not  customary  to  dimension  a  cope  on  a  detailed  draw- 
ing, but  merely  to  call  for  the  size  of  beam  to  which  one  detailed  must  be  coped  (see  typical  beam  details).  The  shop 
does  the  rest  in  such  cases. 

An  erection  diagram,  usually  a  line  diagram  of  the  completed  structure,  should  be  made  with  the  erection  or 
shipping  marks  thereon,  to  enable  the  erector  to  easily  assemble  the  work  in  the  field. 

Lettering  should  be  simple,  straight  line  Gothic  style,  preferably  inclined  although  vertical  lettering  is  fre- 
quently used.      Drawings  should  be  neat  and  clear  so  as  to  inspire  confidence  in  their  accuracy. 

Dimensions  given  on  a  column,  when  not  otherwise  shown,  are  measured  from  the  top  of  the  base  plate  to  the 
point  indicated. 

Wherever  a  note  on  a  drawing  will  help  the  erector,  by  all  means  use  it.  It  is  quite  common  to  place  a  mark 
on  a  member  showing  the  position  of  one  end  of  the  member  in  the  finished  structure  so  that  the  erector  will  erect 
the  member  as  intended. 

151.  Assembling  Marks. — The  system  of  assembling  marks  which  follows  is  in  verj'  com- 
mon use.     It  has  been  used  in  the  typical  details  at  the  end  of  the  chapter. 

Shop  Assembling  Marks 

Typical  letter  Where  used 

o For  base  and  cap  angles  on  columns. 

b For  bottom  seat  angles  supporting  beams  and  girders,  connecting  to  columns  or  girders. 

c For  base  plates,  cap  plates,  and  splice  plates. 

d For  fillers  with  two  or  more  lines  of  holes. 

/ For  fillers  with  single  line  of  holes. 

0 For  gusset  plates  on  columns  or  trusses. 

h For  all  bent  angles  and  plates. 

k For  stiffener  angles  fitted  at  one  end  only,  such  as  angles  under  beam  seats  or  at  column  bases. 

m For  miscellaneous  angles  and  shapes  not  covered  by  the  above. 

n For  miscellaneous  plates  not  covered  by  the  above;  also  tie  plates. 

p For  pin  plates. 

s For  stiffener  angles  fitted  at  both  ends. 

t For  top  connection  angles  tying  beams  or  girders  to  columns. 

V For  purlin  clips. 

w For  web  members  of  trusses,  laterals  in  girders  or  angles  in  cross  frames  unless  such  material 

is  shipped  loose  without  being  connected  to  any  other  part. 
y For  lattice  bars. 

Material  that  appears  on  two  or  more  sheets  shall  be  identified  as  standard  pieces.  Stand- 
ard pieces  will  be  identified  by  the  typical  letter  given  under  shop  assembling  marks  and  a 
figure,  followed  by  the  letter  "x."  The  letter  "x"  indicates  that  the  pieces  are  standard.  For 
example,  a  series  of  standard  stiffener  angles,  fitted  at  one  end  only  will  be  given  as  ^'klx," 
"k2x,"  etc.,  the  letter  k  indicating  a  stiffener  angle  fitted  at  one  end  only,  the  numerals  1,  2, 
etc.,  being  the  identifying  marks,  and  the  letter  x  making  them  standard  pieces. 

For  all  standard  pieces  on  an  order,  a  summary  shall  be  prepared.  This  summary  must 
give  the  number  of  pieces,  size,  length,  mark,  and  the  sheet  number  on  which  the  piece  is  first 
detailed.  All  pieces  having  the  same  typical  letter  shall  be  grouped  together  as  far  as  possible 
in  the  summary,  the  numbers  to  follow  each  other  consecutively.  Summary  sheets  shall  be 
numbered  consecutively  XI  —  X2,  etc.  Summary  of  standard  pieces  shall  be  made  for  each 
tier  or  shipment. 

Pieces  not  standard  are  pieces  that  occur  only  on  one  sheet.  The}^  will  be  identified  by  the 
typical  letter  given  under  the  shop  assembling  marks  followed  bj^  a  small  letter  and  the  sheet 
number.  For  example,  an  odd  seat  angle  shown  on  sheet  number  1  is  marked  "6al."  The 
numeral  "1, "  giving  the  sheet  number,  should  not  be  given  on  the  drawing;  it  should  only  be 
given  in  the  marking  column  provided  in  the  shop  bill.  Hence  the  angle  "bal  "would  appear  on 
the  drawing  as  "bo"  and  in  the  shop  bill  as  "bal".  Additional  seat  angles  on  the  same  sheet 
would  be  marked  "bbl"  "bcl,"  etc.     No  summary  is  made  for  pieces  not  standard. 

All  material  shipped  loose  shall  have  a  shipping  mark. 

The  material  ordered  from  the  rolling  mill  must  be  so  noted  in  the  last  column  of  the  shop 
bill. 

152.  Typical  Detail  Drawings. — Figs.  2G6  to  271  inclusive  are  here  presented  as  being 
typical  shop  detail  drawings  of  members  most  frequently  met  with  in  building  construction. 
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Simple  members  were  selected  for  these  illustrations  because  of  their  simplicity  but  the  methods 
of  laying  out  and  arrangement  of  sketches  and  dimensions  might  be  studied  to  advantage  and 
applied  to  more  complicated  structures.  These  methods  are  typical  of  modern  practice  and  are 
easily  and  quickly  apphed  and  readily  understood  by  shop  workmen. 

Figs.  266  and  267  give  typical  beam  details.  Where  horizontal  distance  between  holes  is 
omitted,  distance  center  to  center  is  understood  to  be  5}>i  in.  When  vertical  distance  between 
holes  is  omitted,  such  distance  center  to  center  is  understood  to  be  2}4  in.  These  beam  sketches 
are  taken  from  The  American  Bridge  Company's  standard  and  are  typical  of  current  practice. 
In  general  detailing,  which  might  be  used  by  any  shop,  it  is  better  to  provide  the  omitted  dimen- 
sions, size  of  angles,  etc.  on  the  drawing. 

Figs.  268  and  269  show  shop  detail  drawings  of  Bethlehem  H  and  built-up  mill  building 
columns.  Fig.  270  is  a  shop  detail  drawing  of  modern  roof  trusses,  and  Fig.  271  of  a  building 
plate  girder.  Figs.  266,  267,  and  270  have  been  taken  from  Conklin's  "Structural  Steel  Draft- 
ing and  Elementary  Design." 

The  details  shown  in  Fig.  270  are  those  for  a  series  of  steel  roof  trusses  for  a  building  roof, 
the  complete  connections  for  purlins,  struts,  and  bracing  being  shown.  Trusses  of  this  type 
and  size  are  usually  shipped  in  halves,  the  hanger  at  center  and  center  bottom  chord  being 
shipped  loose.     Note  the  open  holes  to  provide  for  this. 


CONCRETE  DETAILING 
By  Walter  W.  Clifford 

Concrete  detailing,  as  a  branch  of  structural  drafting,  is  young,  and  pitifully  weak  as  com- 
pared with  steel  detailing.  This  is  particularly  unfortunate,  as  the  grade  of  labor  used  on  con- 
crete and  reinforcement  is  usually  less  skilled  than  that  used  on  steel.  Up  to  the  present  time, 
credit  for  the  success  of  much  concrete  construction  has  belonged  more  to  the  superintendent  or 
foreman  of  construction  than  to  the  architects  or  engineers  who  designed  the  work. 

In  concrete  detailing,  two  things  must  be  considered:  (1)  the  outlines  of  concrete  which 
give  necessary  information  for  the  forms,  and  (2)  reinforcement  details  used  in  the  bending 
shed  to  get  out  steel,  and  on  the  floor  to  place  it. 

153.  Outlines. — Outlines,  or  outside  dimensions  of  concrete,  are  invariably  given  by  the 
architect  or  engineer  designing  the  work.  For  this  part  of  concrete  detailing  the  common  rules 
of  drafting  usually  suffice.  In  general,  outlines  and  reinforcement  can  be  taken  care  of  on  the 
same  drawing.  But  where  the  outlines  are  very  complicated,  separate  outline  and  reinforce- 
ment drawings  avoid  confusion  and  save  time  in  the  drafting  room  as  well  as  in  the  field.  Com- 
mon cases  of  this  kind  are  wells  and  pits,  and  complicated  floors.  For  wells  and  pits  "outline 
drawings"  are  made  giving  all  information  for  forms,  and  then  in  making  the  reinforcement 
drawings,  the  outlines  as  represented  by  forms  being  defined,  reinforcement  is  located  from  them. 
In  the  case  of  floors,  so-called  "surface  plans  "  are  often  made.  Upon  these  plans,  together  with 
necessary  sections,  openings  and  pedestals  are  located  and  dimensioned ;  surface  slope,  if  any, 
is  shown;  and  beams  are  marked,  sized,  and  located.  In  a  few  cases  floors  have  been  so  ex- 
tremely complicated  that  it  was  found  advisable  to  add  to  surface  and  reinforcement  plans,  a 
machine  bolt  location  plan. 

154.  Dimensions. — In  dimensioning  similar  members,  such  as  beams  or  columns,  a  logical 
and  consistent  location  of  dimensions  will  simplify  both  office  and  field  work.  On  beam  details, 
for  example,  give  the  locations  of  intersecting  beams  in  a  line  of  dimensions  above  the  elevation; 
the  clear  span  and  support,  width  in  the  first  line  of  dimension  below  the  elevation;  and 
the  span  center  to  center  of  supports  below  this  (see  Fig.  279,  p.  325).  Give  stirrup  spacing 
near  the  center  of  the  elevation;  list  the  cambered  or  bent  steel  just  below  right  end;  the 
straight  steel  below  the  left  end;  stirrups  and  spacers  under  the  center  of  the  beam,  etc.  Con- 
sistency of  this  kind  is  essential  for  good  details.  The  location  of  the  information,  so  long  as  it 
is  clearly  given  is  of  less  importance  than  the  consistency  in  placing  it  in  a  given  location. 

21 
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155.  Framing  Plans. — Where  there  is  no  surface  plan,  framing  plans  are  usually  combined 
with  slab  reinforcing  plans.  Framing  plans  should  show  clearly :  all  column  center  Unes,  loca- 
tion of  all  beams,  size  of  all  beams  (in  case  of  sloping  floor  surface,  note  grade  from  which  beam 
depth  is  given),  beam  marks,  column  marks,  and  preferably  the  sizes  of  the  columns,  below  the 
floor.  Concrete  beams  are  shown  to  scale  on  yi-\n.  scale  plans  and  as  a  single  heavy  line  on  y^^ 
in.  scale  plans.  Steel  beams  supporting  concrete  slabs  are  well  shown  by  a  very  heavy  dash 
line. 

Beam  and  column  marks  are  of  considerable  importance.  The  common  custom  of 
numbering  them  in  sequence  is  open  to  objections.  In  the  course  of  the  changes  which  most 
plans  undergo,  No.  92  is  likely  to  land  between  Nos.  5  and  6  and  it  is  then  difficult  to  locate 
The  coordinate  system  while  it  seems  complicated  at  first,  is  really  simple  and  easy  to  learn 
In  this  system  column  lines  vertical  on  the  plan  are  lettered  and  horizontal  lines  are  numbered 
Beams  can  then  be  marked  with  the  mark  of  the  column  at  the  lower  left-hand  comer  of  the 
bay  in  which  they  occur  together  with  H  for  horizontal  on  the  plan,  or  V  for  vertical.  Fig.  272 
illustrates  this  system.  Intermediate  beams  may  be  designated  by  primes.  Tj-pical  beams 
which  repeat  a  number  of  times  may  have  single  numbers — odd  for  horizontal,  and  even  foi 
vertical  beams  on  the  plan — in  place  of  location  marks.  The  floor  number  may  precede  the 
mark.  With  this  system  any  member  added  during  the  making  of  the  drawings  has  a  mark  T: 
ready  for  it  and  cross  reference  between  framing  plans  and  details 
is  greatly  facilitated. 

Floor  grades  and  references  to  the  sheets  on  which  details  wil|t" 
be  found  are  useful  additions  to  framing  plans. 

156.  Reinforcement  Details  of  the  Architect. — There  are  twc 
kinds  of  reinforcement  details,  those  of  the  architect  and  thos« 
of  the  engineer  or  contractor.  The  architect  is  necessarily  in- 
terested only  in  giving  the  information  essential  for  carrying  oa 
his  design,  while  the  engineer  has  to  give  complete  informatioi 
for  the  bending  shop.  The  information  which  the  architectura 
office  must  give  is,  in  general:  size  and  location  of  aU  main  rein 
forcement  together  with  the  angle  and  location  of  all  cambers  ant 
bends ;  also  the  size,  shape  and  location  or  spacing  of  auxiliary 
rods  such  as  stirrups,  hoops,  and  spacers.  The  architect  must  remember  that  if  he  is  t< 
justify  himself  as  a  designer  of  his  work  he  must  at  least  give  such  information  that  detaiL 
can  be  made  in  only  one  way  and  then  he  must  check  bending  details  to  see  that  they  an 
properly  made. 

Much  of  the  necessary  information  can  be  covered  by  notes  on  drawings  or  specifications 
such  as: 

All  main  slab  steel  shall  be  centered  ^i  in.  above  the  forms  for  bottom  steel  and  ^i  in.  below  the  rough  slab  gradi 
for  top  steel. 

The  lower  layer  of  beam  steel  shall  be  centered  2  in.  above  the  forms  in  all  beams  and  3  in.  in  all  girders.  Th" 
top  layer  of  negative  reinforcement  shall  be  centered  2  in.  below  the  rough  slab  grade  for  all  beams  and  3  in.  for  al 
girders. 

■  Chairs  or  supports  for  reinforcement  may  be  covered  by  note  or  in  specifications  in  the 
following  manner: 

Chairs  of  an  approved  type  shall  be  used  to  support  all  slab  steel.  At  least  one  chair  shall  be  used  for  each  IJ 
sq.  ft.  of  floor. 

157.  Reinforcement  Details  of  the  Engineer  or  Contractor. — Detailing  by  the  contracto: 
is  analogous  to  steel  shop  drawing.  Assembly  drawings  should  be  made  on  which  each  pieci 
is  given  a  mark,  with  the  place  it  is  to  occupy  in  the  form  definitely  indicated.  Complet« 
schedules  should  also  be  given  with  bending  diagrams.  A  number  of  engineers,  whose  busi 
ness  arrangements  with  clients  permit  it,  detail  the  concrete  fully  and  schedule  the  reinforce  ' 
ment.  This  is  the  most  satisfactory  method,  for  the  designer  of  concrete  should  be  entireh 
responsible  for  the  details.  Details  of  various  parts  of  concrete  construction  will  now  be  con 
sidered  somewhat  from  the  viewpoint  of  the  contractor  or  the  fortunate  engineer  able  \a^^ 
detail  his  own  work. 


Fig.  272. 
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158.  Scale  and  Conventions. — Scale  for  concrete  details  is  quite  commonly  3'2  in.  =  1  ft., 
and  this  is  satisfactory  for  most  work.  Sections  may  be  indicated  by  shading  on  the  back 
of  the  tracing  with  a  soft  pencil.  This  is  quicker  than  the  conventional  symbol  and  at  least  as 
effective.  Full  heavy  lines  are  used  for  reinforcement  in  the  details  given  in  this  chapter, 
and  this  is  most  satisfactory  on  dra\vings.  The  distinction  between  the  rods  and  the  outline 
of  the  concrete  is  in  the  weight  of  the  line.  Dash  lines  as  sometimes  used  are  slower  to  draw  and 
often  lead  to  confusion  where  rods  cross  at  angles. 

It  should  be  borne  in  mind  that  concrete  reinforcement  details  are  largely  diagrams. 
Clear  indication  of  the  way  rods  are  to  go, 
is  vastly  more  important  than  true  ortho- 
graphic projection.  For  example,  the  rods 
shown  over  a  bea.m  support  in  actual  pro- 
jection in  Fig.  273  may  be  in  diagram  as  Fig.  273.  Fig.  274.  Fig.  275. 
shown  in  Fig.  274  or  as  shown  in  Fig.  275. 

They  should  be  diagrammed  correctly  as  shown  in  one  of  the  later  views.     The  cross  section 
will  indicate  that  they  are  at  the  same  elevation,  and  proper  scheduling  will  bring  them  there. 

159.  Slabs  and  "Walls. — Slabs  and  walls  are  similar  in  detail  and  vary  only  in  position. 
They  have  in  general  main  reinforcement  perpendicular  to  a  system  of  beams,  and  spacers  at 
right  angles  to  the  main  rods.  The  main  steel  may  be  cambered  to  give  negative  reinforcement, 
or  the  so-called  loose-rod  system  of  separate  bars  to  take  care  of  negative  moment  may  be  used. 
In  walls,  vertical  rods  are  placed  outside  (nearer  the  face)  wherever  possible.     This  is  better  for 

placing  concrete. 

159a. 
Listing.  — Steel  in 
plan,  or  elevation  if  in 
walls,  is  best  indicated 
bj^  considering  bands 
consisting  of  rows  of 
evenly  spaced  identi- 
cal bars.  The  outside 
bars  of  the  band  are 
shown  and  the  band 
listed  as  shown  in  Fig. 
276. 

In  architectural 
detailing  the  bands 
may  be  similarly 
shown  and  listed 
simply  "%  <t>  6"c.  to 
c." 

A  diagram  of  two 
adjacent  rods  will  be 
noted  in  Fig.  276  in 
the  center  of  the  bays. 
This  is  an  advantage 
in  working  out  the  detail  and  will  save  separate  sections  to  a  large  extent. 

To  differentiate  clearly  between  steel  in  top  and  bottom  or  far  and  near  side,  a  method 
successfully  used  is  to  add  to  the  listing  f.s.  or  t.s.  thus  "29-^"  <^-A42-6"  c.  to  c.-t.s."  Then 
ise  as  a  general  note:  "All  rods  marked  t.s.  are  in  the  top  of  the  slab,  all  other  rods  are  bottom 
Dr  cambered  steel"  or  "All  rods  marked /.s.  are  in  the  far  side,  all  other  rods  are  in  the  near  side." 
In  listing  bands,  the  number  of  rods,  type,  and  spacing  are  obviously  needed  for  setting 
;he  steel  on  the  floors.  The  size  should  also  be  given  because  rods  are  ordinarily  stored  b.y  sizes 
an  the  job,  and  this  information  is,  therefore,  helpful  in  finding  them.  Schedules  are  ordi- 
narily not  used  in  setting,  and  if  used,  cross  reference  between  plan  and  schedule  is  a  nuisance. 


Fig.  276. — Slab  detail. 
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1596.  Spacers. — Spacers  are  very  commonly  %-in.  rounds,  2  ft.  on  centers,  for 
ordinary  slabs.  In  walls  a  size  smaller  than  the  main  reinforcement  is  commonly  used  with  a 
maximum  of  ^4  in.  and  a  minimum  of  %  in.,  and  with  spacing  18  in.  to  3  ft.  Thej^  are  ordinarily 
random  length  for  the  smaller  rods,  scheduled  as  total  length  and  cut  on  the  floor.  They  may 
be  covered  by  a  note,  or  indicated  in  the  diagram  (see  Fig.  276).  The  larger  spacers  (%  or 
^:4  in.)  are  best  listed  and  t3'ped  in  bands  like  main  reinforcement. 

159c.  Rod  Spacing. — Rod  spacing  in  slabs  is  limited  in  the  Joint  Committee's 
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report  to  2]4  times  the 
slab  thickness  and  the 
minimum  should  be  as  in 
beams.  Common  prac- 
tice for  ordinary  work  is 
1  to  IJ^  times  the  slab 
thickness. 

159d.  Sec- 
tions.— In  addition  to 
slab  plans  and  wall  eleva- 
tions, sufficient  sections 
must  be  given  to  clearly 
indicate  the  location  of 
all  steel  (see  Fig.  277). 

159e.  Flat 
Section  A-A  Slabs.— Flat  slab  con- 
struction is  detailed  like 
other  slabs,  except  that 
typical  bands  may  well  be  listed  "Band  A,"  etc.,  the  schedule  indicating  the  makeup  of 
the  various  bands  This  is  sometimes  possible  with  beam-and-slab  construction.  The 
S.  M.  I.  flat-slab  system  makes  use  of  units  of  spider  type  over  columns  and  in  the  center  of' 
bays.  On  reinforcement  plans  of  this  system  each  unit  is  completely  shown  once  and  else- 
where sim.ply  a  circle  is  shown  (the  outside  ring)  and  marked  "Unit  C,"  etc.  Where  separate 
units  are  used  for  positive  and  negative  reinforcement,  different  weights  of  lines  may  be  used 
for  top  and  bottom  steel      This  helps  greatly  in  the  clearness  of  the  drawings. 
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Elevation 
Fig.   277.— Wall  detail. 
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Beam  width- 15"  —    Cambers-45° 
Fig.  278. 


160.  Beams. — A  typical  beam  detail  from  an  architectural  office  is  showTi  in  Fig.  278. 
The  same  beam  is  fully  detailed  in  Fig.  279.  The  best  practice  is  to  detail  beams  and  columns 
as  separate  units  or  members,  as  is  done  in  steel  detailing.  This  is  preferable  to  covering  them  1 
by  various  and  sundry  sections  through  the  floor.  Some  conventions  are  used.  The  dash 
line  is  used  in  the  section  to  indicate  cambers  in  elevation;  in  the  elevation  it  is  used  to  indicate  ll^~ 
rods  belonging  to  another  detail.  A  somewhat  lighter  line  is  used  for  stirrups  than  for  main 
steel.  The  open  circle  at  the  top  of  the  camber  is  used  for  a  horizontal  rod  in  elevation  while 
the  solid  circle  is  used  for  the  rods  cut  by  the  section. 
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160a.  Rod  Spacing. — Rod  spacing  in  beams  is  discussed  from  the  theoretical 
[juiat  of  view  in  Sect.  1,  Art.  QSh.  In  addition  to  this  the  detailer  should  know  that  the  clear 
Llistance  between  rods  should  be  not  less  than  twice  the  largest  aggregate  size.  Rods  are  often 
used  in  two  layers,  very  seldom  more  than  two.  Layers  of  beam  rods  are  usually  separated 
1  in.  by  short  spacer  bars.  The  distance  between  these  spacers  depends  on  the  size  of  the  main 
^t(■^■l.  Fifty  times  the  diameter  of  the  main  steel  is  reasonable.  There  should  be  at  least  two 
spacers  under  each  rod  of  the  top  layer. 

1606.  Connections. — The  intersection  of  beam,  girder,  and  column  steel  over 
lie   column   head  must  be  carefully  studied.     With  a  beam  centered  on  a  column,  careless 
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lotailing  often  has  a  rod  in  the  center  of  the  column  and  one  in  the  center  of  the  beam.  Small 
■ixls  {^2  in.  or  less)  are  easily  offset,  but  this  is  not  the  case  with  larger  rods.  Beam  and  girder 
ntcrsections  must  also  be  detailed  with  care  to  see  that  interference  is  not  caused  by  rods  at 
ill'  same  grade. 

160c.  Inflection  Points. — Certain  parts  of  concrete  theory  are  particularly  the 
province  of  the  detailer.  He  should  be  familiar  with  the  use  of  reinforcement  to  take  tension 
iiid  know  which  is  the  tension  side  of  beams  in  all  cases — as  well  as  in  slabs  and  walls.  He 
k'Mild  also  have  a  general  idea,  at  least,  of  the  location  of  inflection  points.  See  "Restrained 
iiul  Continuous  Beams,"  Sect.  1. 

160(/.  Stirrups. — Shear  and  stirrups  are  also  very  much  the  province  of  the 
letailer.     He  should  know  the  variation  of  shear  ^  ^ 

villi  uniform  and  concentrated  loads  (see 
'Shears  and  Moments,"  Sect.  1,  and  "Re- 
trained and  Continuous  Beams,"  Sect.  1).  He 
hould  be  familiar  with  the  method  of  determin- 
nti  stirrup  spacing  (see  "Reinforced  Concrete 
icams  and  Slabs,"  Sect.  2).  In  addition  to 
lit'oretical  consideration  the  following  practical 
luiuts  are  useful:  It  is  good  practice  to  place 
tiirups  4  or  6  in.  from  the  face  of  all  intersect- 
iii;  beams.  The  first  stirrup  is  located  by 
iiany  engineers  about  M  to  3^  of  the  depth  of 
he  beam  from  the  face  of  the  support,  diagonal  tension  cracks  almost  never  starting  at  the 
upport.  In  very  wide  beams  where  stirrups  of  more  than  four  legs  would  be  needed  it  is 
etter  from  a  practical  standpoint  to  use  several  U's  or  Ws  as  shown  in  Fig.  280.  Rods  larger 
han  %  in.  should  not  be  used  as  stirrups,  unless  absolutely  necessary,  on  account  of  the 
ifticulty  of  bending. 

160e,  Bond. — Bond  is  seldom  an  important  item  in  beam  and  slab  design. 
.lost  properly  designed  beam  reinforcement  is  sufficient  for  bond.  In  beams  continuous 
vcr  supports,  part  of  the  main  reinforcement  is  usually  cambered.  The  balance  is  continued 
Icross  the  support  as  compression  steel  in  T-beams,  and  this  use  determines  the  lap  rather  than 
lond    (see   right-hand  support.  Fig.  279).     At  end  supports,  straight  steel  is  often  hooked. 
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It  is  good  practice  to  hook  the  ends  of  tension  rods  at  all  end  supports.     The  ends  of  stirrups 
usually  need  hooks  for  bond  and  it  is  good  practice  to  book  all  of  them. 

161.  Columns. — Columns  can,  if  simple,  be  covered  by  a  column  schedule  of  the  type 
shown  in  Fig.  281.  The  rod  schedule  and  a  few  notes  will  complete  the  necessary  information. 
In  the  architectural  type  of  detailing,  main  steel  may  be  listed  as  long  rods  and  short  rods,  and 
notes  added  such  as  "Short  rods  shall  be  6  in.  shorter  than  the  distance  floor  to  floor,"  "Long 
rods  shall  be  50  diameters  longer  than  the  distance  floor  to  floor,"  "All  columns  are  to  be 
concentric,  except  those  on  the  A,  C,  1,  and  10  lines,  which  are  to  be  flush  on  the  outside 
face  or  faces."  In  the  case  of  columns  having  complications  such  as  brackets,  an  elevation 
should  be  drawn  similar  to  beam  elevations  and  the  necessary  sections  added. 
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All  splice  rods  fo  be  lapped  40  d/amelers. 

Fig.  281. 

161a.  Rod  spacing. — The  rod  spacing  of  the  main  rods  usuallj'  takes  care  oj! 
itself  with  standard  percentages  of  steel  and  commercial  rod  sizes.  The  maximum  spacing  I 
of  vertical  rods  allowed  by  good  practice  is  about  10  or  12  in.  In  the  case  of  large  columnfl 
with  high  percentages  of  steel  it  is  difficult  to  get  all  that  are  required  in  one  band.  The  largesil 
rod  easily  available  in  most  localities  is  1^  in.  In  large  columns  these  should  be  spaced  ail 
least  6  in.  apart,  and  where  spiral  hooping  is  used  at  least  8  in.  Where  too  manj'  rods  an  I 
required  for  this  spacing,  two  rows  of  rods  should  be  used  or  some  of  the  rods  should  be  placet 
in  the  form  of  a  cross  inside  the  core.  Hoops  are  limited  bj'  the  Joint  Committee's  report  to  i\ 
maximum  spacing  of  12  in.,  or  IG  times  the  diameter  of  the  longitudinal  bars.  Light  rods  suf-l 
fice  for  this  hooping,  3^  to  J^  in.  being  the  common  sizes;  ^^-in.  round  the  most  used. 
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1616.  Spiral  Hooping. — Spiral  hooping  for  columns  is  expressed  in  percentage 
)f  volume  of  hooping  to  volume  of  core  per  unit  of  length.  The  design  of  hooping  is  discussed 
n  Arts.  85  and  96. 

Hooping  has  great  possibility  of  irregularity  when  the  core  is  of  large  diameter.  In  order 
o  ship  flat,  two  vertical  ties  only  are  used,  and  this  leads  to  deformation  in  handling.  One- 
nch  cover  may  do  on  12  to  16-in.  columns  but  on  3-ft.  cores  or  larger  at  least  3  in.  of  cover 
ihould  be  allowed  and  preferably  4  in.,  irrespective  of  fire  risk. 

161c.  Splices. — Horizontal  joints  in  columns  ordinarily  occur  at  the  bottom  of 
he  deepest  girder,  at  the  rough  floor  grade,  and  in  some  cases  at  the  top  of  upstanding  spandrel 
)eams.  The  top  of  the  rough  floor  is  usually  a  splice  point,  and  good  practice  requires  rods,  to 
he  number  of  those  in  the  upper  section,  run  up  from  the  lower  section,  the  distance  required 
or  bond.  These  rods  should  preferably  be  so  located  that  the  rods  in  the  upper  section  can  be 
vired  directly  to  them.  In  the  case  of  large  rods  some  engineers  require  rods  to  be  faced  and 
leld  in  a  sleeve.  It  is  very  difficult,  however,  to  so  place  and  hold  faced  rods  for  the  direct 
ransfer  of  load.  Where  offsets  are  required  in  extended  rods  on  account  of  change  of  column 
ections,  they  should  be  at  least  a  foot  below  the  splice,  and  offsets  should  not  be  by  slopes  of 
nore  than  30  deg.  with  the  vertical. 

162.  Miscellaneous  Concrete  Members. — The  general  principles  enumerated  can  be 
ollowed  to  detail  most  miscellaneous  structures.  In  miscellaneous  structures,  as  in  slabs, 
here  is  danger  of  putting  so  much  information  on  a  single  view  that  it  becomes  confusing  to 
Iraftsman  and  builder.  Rods  usually  appear  in  more  than  one  view.  They  will,  of  course, 
)e  listed  in  one  view  only,  and  be  noted  in  the  others.  It  is  important  for  good  detailing  that 
hey  be  listed  in  the  best  place.  Ordinarily,  this  is  in  the  view  in  which  the  rods  appear  in 
)rojection  as  a  straight  line.  Whenever  a  structure  is  detailed  in  parts,  however,  rods  which 
un  into  two  parts  should  always  be  listed  with  the  part  which  will  be  poured  first.  For  example, 
n  a  tunnel,  angle  rods  from  the  floor  into  the  walls  should  be  listed  in  the  floor  detail.  The  more 
ommon  miscellaneous  members  are  footings,  pits  and  tunnels,  engine  foundations,  and  re- 
aining  walls 

162a.  Footings. — Footings  vary  so  greatly  in  complexity  that  it  is  difficult  to 
ay  down  general  rules.  Usually  a  plan  and  one  or  more  sections  will  be  needed.  Sometimes 
hey  are  simply  large  beams  and  can  well  be  detailed  as  such.  Stirrups  should  never  be  used 
n  footings  where  it  is  possible  to  avoid  them.     They  are  exceedingly  difficult  to  place. 

1626.  Pits  and  Tunnels. — Pits  and  tunnels  which  are  complicated  are  best 
eparated  into  members,  and  each  slab  and  wall  detailed  independently.  Where  they  are 
imple,  general  views  and  sufficient  sections  will  suffice.  Simple  structures  of  considerable 
ength  like  some  power  house  intake  and  discharge  tunnels,  are  conveniently  detailed  by  giving 
11  the  different  cross-sections,  and  longitudinal  sections  through  the  ends,  and  showing  a  small 
cale  key  plan  indicating  the  extent  and  location  of  the  parts  where  each  section  applies.  This 
nethod  is  also  applicable  to  some  grade  beams,  spandrel  details,  and  some  retaining  walls. 

162c.  Engine  Foundations. — Engine  foundations  where  they  are  only  pedestals. 
an  be  detailed  with  the  floors.  Larger  foundations  such  as  those  ordinarily  required  for  large 
urbo-generators  should  be  detailed  as  separate  structures.  The  larger  ones  should  be  broken 
ip,  and  slabs,  beams,  and  columns  detailed  separately,  like  any  similar  units. 

162d.  Retaining  Walls. — Retaining  walls,  if  of  uniform  section,  may  be  detailed 
n  the  method  suggested  for  long  tunnels.  Where  counterfort  or  buttress  walls  are  used,  sepa- 
ate  details  of  vertical  slab,  footing  slab,  counterfort  or  buttress,  etc.,  are  needed. 

162e.  Construction  Joints. — Construction  joints  should  be  included  in  some 

eslletails.     For  example,  tunnels  are  usually  poured  in  three  parts — floor,  walls,  and  roof.     If 

he  walls  are  subject  to  pressure,  it  is  important  that  they  have  bearing  on  floor  and  roof. 

3if  Details  such  as  those  shown  in  Fig.  282  should  be  designed  for  shear  and  shown  on  the  drawings. 

162/.  Spacers. — Spacers  in  miscellaneous  members  need  more  attention  than 
3  often  given  them.  In  addition  to  their  theoretical  use  for  temperature,  or  to  distribute 
oads,  they  have  the  important  function  of  holding  the  main  steel  rigidly  in  place  during  the 
louring  of  the  concrete.     Some  practical  thought  of  how  the  steel  is  to  be  placed  and  held,  is 
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necessary  in  locating  spacers.     For  example,  bands  of  L-shaped  rods  need  three  spacers  a 
least,  one  in  the  angle  and  one  near  each  end,  if  the  band  is  to  be  held  rigid. 

162^.  Rod  Splices. — Construction  joints  must  also  be  considered  in  reinforce 
ment  detailing.  It  is  bad  practice  to  have  rods  extend  through  a  construction  joint  with  only  , 
small  part  of  their  length  imbedded  in  the  first  pouring.  This  is  especialh^  bad  in  the  case  o 
vertical  rods.  They  are  difficult  to  support,  and  very  likely  to  be  bent  out  of  shape.  As  fa 
as  possible,  where  rods  would  project  6  ft.,  or  more  than  half  their  length  beyond  a  joint,  the; 
should  extend  only  the  bond  distance.  They  should  then  be  spliced  by  another  rod  startin 
at  the  joint.     Fig.  283  shows  a  typical  illustration  of  this. 

In  the  case  of  footings  there  are  no  vertical  rods  to  extend  up  through  the  joint.     Specie 
short  rods  called  stuhs  are  used  in  such  cases.     They  extend  a  distance  required  for  bond,  eac 

side  of  the  joint,  and  act  as  dowels  (see  Fig.  283).  VerticE 
rods  should  always  start  at  a  construction  joint  when  possible 
so  that  they  may  be  set  directly  on  the  old  concrete  whe 
placed  (see  Fig.  282).  Design  factors  sometimes  overrule  th 
foregoing;  for  example,  high  walls  often  require  vertical  stee 
from  top  to  bottom  while  one  or  more  construction  joints  ai 
necessary.  Care  must  be  used  in  all  such  cases  to  conform  t 
design  requirements  and  at  the  same  time  make  placing  a 
simple  as  possible. 

163.  Reinforcement  Cover. — The  cover  over  reinforcin 
rods,  as,  for  example,  under  slab  or  beam  rods  or  outside  c 
column  rods,  serves  to  protect  them  from  fire  and  weather  an 
also  to  develop  bond  on  the  entire  surface  of  the  rod.  Detailers  should  be  familiar  wit 
common  fireproofing  requirements.  Too  httle  cover  means  danger  from  fire  or  sometime 
moisture,  too  much  in  beams  and  slabs  means  cracks  in  the  concrete  below.  A  Yi-va..  clej 
cover  for  slabs  4  in.  thick,  with  rods  not  over  Yi  in.,  and  a  small  fire  risk,  is  the  minimum. 
1-in.  clear  cover  is  about  the  maximum  for  slabs.  For  beams  and  girders  1%  to  3  in.  is  use 
according  to  the  importance  of  member  and  the  fire  risk.  In  columns,  from  1  to  4  in. 
used. 

164.  Shop  Bending. — Every  concrete  detailer  should  be  famihar  with  reinforcement  : 
place  in  the  forms,  and  as  far  as  possible  with  the  process  of  bending  and  placing.  With  od( 
shaped  rods,  bending  difficulties  should  receive  careful  consideration. 
Radius  bends  larger  than  4  in.  are  difficult  and  expensive  to  obtain. 
Small  bends  are  made  aiound  pipe  sleeves  or  blocks.  An  exception  to  this 
is  spirals,  and  circles  such  as  are  used  in  the  S.M.I,  flat  slab  sj'stem. 
Special  machines  in  well  equipped  yards  take  care  of  these  economically. 
It  should  be  remembered  that  on  large  rods  a  precision  on  offsets  closer 
than  1  in.  is  difficult  to  obtain.  Details  should  not,  therefore,  be  made 
which  require  such  precision.  Angles  in  rods,  except  parallel  offsets,  cannot 
be  made  with  great  precision  and  accurately  bent  rods  will  spring  in 
handling  unless  very  heavy  compared  to  their  length.  Details  therefore 
in  which  a  slight  variation  in  the  angle  of  the  rod  would  cause  trouble 
should  not  be  made.  For  example,  ]*'ig.  284  is  bad.  The  detail  should 
be  as  shown  in  Fig.  285.  In  addition  to  the  practical  weakness  it  is  of 
course  poor  design  to  carry  a  rod  around  the  face  of  a  reentrant  angle 
as  shown  in  Fig.  284  since  the  resultant  of  the  tension  in  the  two  legs 
acts  against  the  fireproofing  only.  Cambers,  in  slab  rods  (%  in.  or 
under)  may  be  as  many  as  four,  within  reason.     With  larger  rods,  as  used  Fig.  283. 

in  beams,  not  more  than  two  cambers  should  be  used  in  a  single  rod. 

165.  Reinforcement  Assembly. — Bending  may  be  done  in  the  contractor's  j-ard  or  on  tl 
job.  In  either  case  the  bent  rods  tagged  with  type  numbers  are  stored,  usually  by  sizes,  i 
racks  or,  if  space  is  available,  on  the  ground  opposite  the  place  where  they  are  to  be  use< 

Column  steel  is  usually  assembled  on  horses  and  placed  as  a  unit.     Beam  steel  may  I 
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anclled  in  this  way  but  where  beams  intersect  over  the  columns  at  least  part  of  them  must  be 
sseinbled  in  the  forms.  Beam  rods  hooked  into  spiraled  columns  should  therefore  be  avoided 
a  account  of  the  difficulty  of  placing.  When  beam  steel  is  assembled  in  the  form,  stirrups 
re  first  placed  and  it  is  a  good  idea  to  provide  loop  bars  {%  or  )^-in.  rods)  the  full  length  of  the 
earn  to  be  placed  under  the  hook  of  the  stirrups,  by  which  to  support  them. 

In  slabs,  assembly  by  units  is  generally  impracticable  except  occasionally  in  some  types 
■  flat-slab  construction.  Spacers  are  laid  down,  preferably  on  suitable  chairs,  and  the  main 
'iuforcement  is  placed  on  them  and  wired. 

In  wall  reinforcement,  vertical  rods  are 
jually  placed  first  and  then  the  horizontal 
)d.s  tied  to  these.  In  slab  and  wall  rein- 
iiccinent,  deformed  rods  are  held  more 
gidly  in  place  by  wiring  than  plain  rounds, 
hich  have  a  tendency  to  slip  through  the 
es. 

166.  Rod  Sizes. — In  the  choice  of  rods 
lere  are  a  few  points  to  be  considered. 
I    the    first    place,    rods    of   %    to    1-in. 

ameter  have  base  price,  i.e.,  the  lowest  price  per  pound,  and  are  therefore,  other  things 
iing  equal,  the  cheapest.  J-fe-in.  sizes  are  not  commercial  sizes.  J^:^  to  l}i  in.  are 
le  readily  available  sizes.  Good  detailing  limits  the  sizes  in  the  various  units  and  as 
as  possible  on  the  whole  job,  to  avoid  confusion.     Squares  and  rounds  are  best  not  used 

A — Straight  rods  together. 


Fig.  284. 
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167.  Schedules. — Rod  schedules 
are  sometimes  made  as  a  table  on  the 
drawing  itself,  but  best  practice  is  a 
separate  sheet  which  is  commonly 
about  12  X  21  in.  This  size  is  easily 
handled  in  the  yard.  A  sample  of  a 
good  schedule  form  is  given  in  Fig.  286. 
Type  members  must  be  con- 
sidered in  connection  with  rod  sched- 
ules. Letters  for  various  types  are 
convenient.  The  scheme  shown  is  in 
successful  use.  The  individual  rods 
are  given  separate  numbers  and  great 
care  is  necessary  to  avoid  duplication 
of  numbers.  The  use  of  the  number  of 
the  sheet  on  which  the  detail  of  the 
•d  occurs,  as  part  of  the  type  number  is  open  to  the  objection  of  giving  a  long  number,  but  it 
itomatically  avoids  duplication.     This  is  illustrated  on  the  schedule  given. 

Schedules  include,  of  course,  the  lengths  of  bar  in  each  run,  i.e.,  the  distance  between 
igles.  The  curves  in  Figs.  287  and  288  are  convenient  for  finding  camber  lengths.  At  the 
tersection  of  the  vertical  line  for  the  camber  height,  with  the  horizontal  line  for  the  horizontal 
•ojection  of  the  camber,  read  the  slope  lengths  with  the  arcs  as  a  scale.  For  30  or  45-deg. 
imbers  the  slope  distance  can  be  read  at  the  intersection  of  either  height  or  distance  with  the 
»rresponding  slope  line. 


S — Any  other  special  type 
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SECTION  3 
STRUCTURAL  DATA 

BUILDINGS  IN  GENERAL 

1.  Types  of  Buildings. — Buildings,  according  to  the  building  law  of  the  City  of  Boston,  a 
divided  into  three  classes,  as  follows : 

First-class  Building. — A  first-class  building  shall  consist  of  fireproof  material  throughout,  with  floors  construct 
of  iron,  steel,  or  reinforced  concrete  beams,  filled  in  between  with  terra  cotta  or  other  masonry  arches  or  with  cc 
Crete  or  reinforced  concrete  slabs;  wood  may  be  used  only  for  under  and  upper  floors,  window  and  door  frami 
sashes,  doors,  interior  finish,  hand  rails  for  stairs,  necessary  sleepers  bedded  in  the  cement,  and  for  isolated  furrir 
bedded  in  mortar.      There  shall  be  no  air  space  between  the  top  of  any  floor  arches  and  the  floor  boarding. 

Second-class  Building.— Ali  buildings  not  of  the  first  class,  the  external  and  party  walls  of  which  are  of  bri( 
stone,  iron,  steel,  concrete,  reinforced  concrete,  concrete  blocks,  or  other  equally  substantial  and  fireproof  materi 

Third-class  Building. — A  wooden  frame  building. 

Composite  Building. — A  building  partly  of  second-class  and  partly  of  third-class  construction.  Compos 
buildings  may  be  built  under  the  same  restrictions  as,  and  need  comply  only  with  the  requirements  for,  third-ch 
buildings  as  to  fire  protection  and  exterior  finish. 

Another  type  of  building  adapted  to  mills,  factories,  warehouses,  etc.,  is  the  so-call 
"Slow-Burning  Timber  Mill  Construction,"  developed  by  mill  owners  and  the  New  Englai 
Factory  Mutual  Insurance  Companies.  This  type  is  described  in  detail  in  a  separate  chapt 
in  this  section. 

2.  Floor  Loads. — Floor  loads  vary  with  the  class  of  material  to  be  stored.  In  calculati: 
dead  and  live  loads  for  buildings,  the  following,  quoted  from  the  Boston  Building  Law,  is  gO' 
practice.  However,  the  figures  given  should  be  checked  by  the  ordinances  of  the  locality 
which  the  building  is  to  be  erected. 

Dead  loads  shall  consist  of  the  weight  of  walls,  floors,  roofs,  and  permanent  partitions.     The  weights  of  vari(  ^ 
materials  shall  be  assumed  as  follows: 

Pounds  1 
cubic  fi 

Beech 

Birch 

Brickwork 1 

Concrete,  cinder,  structural 1 

Concrete,  cinder,  floor  filling 

Concrete,  stone 1 

Douglas  fir 

Granite 1  lb-: 

Granolithic  surface 1 

Limestone 1 

Maple 

Marble •■ 1 

Oak 

Pine,  southern  yellow 

Sandstone 1 

Spruce '■ 

Terra  cotta,  architectural,  voids  unfilled 

Terra  cotta,  architectural,  voids  filled 1 

Pounds  per  squa 
foot 

Gravel  or  slag  and  felt  roofing 

Plastering  on  metal  lath,  exclusive  of  furring 

Live  loads  shall  include  all  loads  except  dead  loads.  Every  permit  shall  state  the  purpose  for  which  tl 
building  is  to  be  used,  and  all  floors  and  stairs  shall  be  of  sufficient  strength  to  bear  safely  the  weight  to  he  impos. 
thereon  in  addition  to  the  dead  load,  but  shall  safely  support  a  minimum  uniformly  distributed  live  load  per  squa 
foot,  as  specified  in  the  following  table: 
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Class  of  Building  Pounds   per 

square  foot 

rniories,  assembly  halls  and  gymnasiums 100 

ire  Houses: 

Apparatus  floors 150 

Residence  and  stable  floors 50 

arages,  private,  not  more  than  two  cars 75 

arages,  pubUc 150 

randstands 100 

otels,  lodging  houses,  boarding  houses,  clubs,  convents,  hospitals,  asylums  and  detention  buildings: 

Public     portions 100 

Residence  portions 50 

anufacturing,  heavy 250 

anufacturing,  light : 125 

ffice  buildings: 

First  floor 125 

All  other  floors 60 

iblic  buildings: 

Public  portions 100 

Office  portions 75 

3sidence  buildings,  including  porches 50 

hools  and  colleges: 

Assembly  halls loO 

ass  rooms  never  to  be  used  as  assembly  halls 50 

iewalks 250 

r  8000  lb.  concentrated,  whichever  gives  the  larger  moment  or  shear) 
ables,  public  or  mercantile: 

Street  entrance  floors 150 

ed  room 150 

irriage  room 50 

all  room 50 

airs,  corridors,  and  fire  escapes  from  armories,  assembly  halls,  and  gymnasiums 100 

airs,  corridors,  and  fire  escapes  except  from  armories,  assembly  halls,  and  gymnasiums 75 

orage,  heavy 250 

orage,  light 125 

ores,  retail - 125 

ores,  wholesale 250 

Every  plank,  slab,  and  arch,  and  every  floor  beam  carrying  100  sq.  ft.  of  floor  or  less,  shall  be  of  suflScient 
ength  to  bear  safely  the  combined  dead  and  live  load  supported  by  it,  but  the  floor  live  loads  may  be  reduced 
r  other  parts  of  the  structure  as  follows: 

In  all  buildings  except  armories,  garages,  gymnasiums,  storage  buildings,   wholesale  stores,  and    assembly 
lis,  for  all  flat  slabs  of  over  100  sq.  ft.  area,  reinforced  in  two  or  more  directions  and  for  all  floor  beams,   girders, 
trusses  carrying  over  100  sq.  ft.  of  floor,  10%  reduction. 
For  the  same,  but  carrying  over  200  sq.  ft.  of  floor,  15%  reduction. 
For  the  same,  but  carrying  over  300  sq.  ft.  of  floor,  25  %  reduction. 

These  reductions  shall  not  be  made  if  the  member  carries  more  than  one  floor  and  therefore  has  its  live  load 
iuced  according  to  the  table  below. 

In  public  garages,  for  all  flat  slabs  of  over  300  sq.  ft.  area  reinforced  in  more  than  one  direction,  and  for  all  floor 
ams,  girders,  and  trusses  carrying  over  300  sq.  ft.  of  floor,  and  for  all  columns,  walls,  piers,  and  foundations, 
%  reduction. 

In  all  buildings  except  storage  buildings,  wholesale  stores,  public  garages  and  oflace  buildings,  for  all  columns, 
ders,  trusses,  walls,  piers,  and  foundations. 

Office  buildings  only 

Carrying  one  floor No  reduction.         No  reduction. 

Carrying  two  floors 25  %  reduction.      10  %  reduction. 

Carrying  three  floors 40  %  reduction.     20  %  reduction. 

Carrying  four  floors 50  %  reduction.     30  %  reduction. 

Carrying  five  floors 55  %  reduction.     40  %  reduction. 

Carrying  six  floors  or  more 60  %  reduction.     50  %  reduction. 

Roofs  shall  be  designed  to  support  safely  minimum  live  loads  as  follows: 

Roofs  with  pitch  of  4  in.  or  less  per  foot,  a  vertical  load  of  40  lb.  per  sq.  ft.  of  horizontal  projection  applied 
her  to  half  or  to  the  whole  of  the  roof. 

Roofs  with  pitch  of  more  than  4  in.  and  not  more  than  8  in.  per  ft.,  a  vertical  load  of  15  lb.  per  sq.  ft.  of  hori- 
ital  projection  and  a  wind  load  of  10  lb.  per  sq.  ft.  of  surface  acting  at  right  angles  to  one  slope,  these  two  loads 
ng  assumed  to  act  either  together  or  separately. 

Roofs  with  pitch  of  more  than  8  in.  and  not  more  than  12  in.  per  ft.,  a  vertical  load  of  10  lb.  per  sq.  ft.  of  hori- 
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zontal  projection  and  a  wind  load  of  15  lb.  per  sq.  ft.  of  surface  acting  at  right  angles  to  one  slope,  these  two  loa< 
being  assumed  to  act  either  together  or  separately. 

Roofs  with  pitch  of  more  than  12  in.  per  ft.,  a  vertical  load  of  5  lij.  per  sq.  ft.  of  horizontal  projection  and  a  wii 
load  of  20  lb.  per  sq.  ft.  of  surface  acting  at  right  angles  to  one  slope,  these  two  loads  being  assumed  to  act  eith 
together  or  separately. 

All  buildings  and  structures  shall  be  calculated  to  resist  a  pressure  per  square  foot  on  any  vertical  surface  : 
follows: 

For  40  ft.  in  height 10  lb. 

Portions  from  40  to  80  ft.  above  ground 1.5  lb. 

Portions  more  than  80  ft.  above  ground 20  lb. 

3.  Weights  of  Merchandise. — The  following  table  taken  by  permission  from  data  of  tl 
Boston  Manufacturers  Mutual  Insurance  Company  gives  approximate  weights  and  dimen.sioi 
of  packages.  In  designing  storehouses  it  is  important  to  provide  for  the  greatest  load  whic 
can  be  placed  in  the  building. 


Weights  of  Merchandise 


Material 


^Measurements 


Floor 
space 
(sq.  ft.) 


Cu.  ft. 


Weights 


Gross 


Per 
sq.  ft. 


cu.  ft. 


Wool 
In  bales,  Australia 
In  bales.  East  India 
In  bales,  New  Zealand 
In  bales,  So.  America. 
In  bales,  Oregon 
In  bales,  California 

In  bales,  Texas  J    

^n  bags,  Domestic 

In  bags,  scoured  or  noils 

Woolen  good: 

Case,  flannels 

Case,  flannels,  heavy 

Case,  dress  goods 

Case,  cassimeres 

Case,  underwear 

Case,  blankets 

Case,  horse  blankets 

Cotton 

Bale,  ginned 

Bale,  compressed 

Bale,  Planters  Compress  Co 

Bale,  American  Cotton  Co 

Bale,  Egyptian 

Bale,  Indian 

Cotton  goods 

Bale  unbleached  jeans 

Piece  duck 

Bale  brown  sheetings 

Case  bleached  sheetings 

Case  quilts 

Bale  print  cloth 

Case  prints 

Bale  tickings 

Skeins  cotton  yarn 

Carpet 

Roll  of  carpet 

Rug  (with  pole) 


Fleece  pulled  scoured. 


8.0 


5.5 
7.1 
5.5 

10.5 
7.3 

10.3 
4.0 

9.32 
5.25 
1.80 
2.60 

4.7 
4.7 

4.0 
1  .1 
3.6 
4.8 
7.2 
4.0 
4.5 
3.3 


4.1 

0.44 


47 
33 
33 
33 
18 
18 

12.7 
15.2 
22.0 
28  0 
21  0 
35.0 
14.0 

46.6 

25.2 

5.4 

7.8 
20.0 
20.0 

12.5 

2.3 

10.1 

11.4 

19.0 

9.3 

13.4 

8.8 


10  9 
4 


350 

1000 
550 
480 
480 
250 
100 

220 
330 
460 
550 
350 
450 
250 

550 

550 
250 
270 
820 
860 

300 
75 
235 
330 
295 
175 
420 
325 


120 

48 


40 

80 
73 
70 
70 
16- 
6.4 

40 
46 
84 
52 
48 
44 
63 

60 
106 
139 
104 
170 
176 

72 
08 
65 
69 
41 
44 
93 
99 


31  .5 


18 

22 
17 
15 
15 
14 
5  .5 

17 
22 
21 
20 
16 
13 
18 


47 
35 
41 
43 

24 
33 
23 
30 
16 
19 
31 
37 


11  8 

12  0 
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Material 


Measurements 


Floor 
space 

(sq.  ft.) 


Cu.  ft. 


Weights 


Gross 


Per 

sq.  ft. 


Per 
cu.  ft. 


Silk 

ale,  silk  cocoons 

ale,  silk  frisons  (average) 

ale,  dressed  silk 

ale,  raw  silk  (average) 

ale,  spun  silk 

ase  broad  silk  cloth 

ase  ribbons 

Jute,  etc. 

ale.  jute 

ale,  jute  lashings 

ale,  Manila 

ale,  liemp. 

ale,  iSisal 

urlaps,  various  packages 

ite  bagging 

Bags  in  bales 

hite  linen 

hite  cotton 

rown  cotton 

iper  shavings 

icking 

bolen 

ite  butts 

jruee  chips,  wet,  tightly  packed 

jruce  chips,  wet,  loosely  packed 

Druce  chips,  dry 

Paper 

i  X  21,  30  lb.  ledger 

X  21,  24  lb.  calendered  book 

i  X  21,  29  lb.  super-cal.  book 

!>^  X  29,  26  lb.  news 

!  X  42,  No.  38  straw  board 

:  X  31,  52  lb.  Manila  wrapping 

leets  in  bundles,  with  wood  frames. . .  . 
leets  in  bundles,  without  wood  frames. 

I  oil  newspaper 
ilphite  pulp 
_^verage  pile  of  paper,  in  bundles 

Tobacco 

lie  Sumatra  wrapper 

ogshead  of  tobacco 

Grain 

heat  in  bags 

heat  in  bulk 

heat  in  bulk 

heat  in  bulk  mean 

irrels  flour  on  side 

irrels  flour  on  end 

)rn  in  bags 

>rnmeal  in  barrels 

its  in  bags 

lie  of  hay 

ly,  dederick  compressed 

raw,  dederick  compressed 

(w,  dederick  compressed 

xelsior,  dederick  compressed 


6.5 


1 
13.4 


9.9 
10.5 
10.9 
30.0 
27.0 

7.0 

39.5 

40.0 

30.0 

34 

65 

30.0 

11.0 


5.3 

4.4 
4.3 
5.9 
3.9 

10.8 
4.0 
4.2 

28.8 


6.0 

36.0-80.4 


4.2 


5.4 
7.1 
3.6 
5.9 
3.6 
20.0 
5  25 
5.25 
5  25 
5.25 


260 
325 
400 
221 
235 
180 
175 

400 
450 
280 
6.50 
400 

100 

910 
715 
440 
500 
450 
600 
400 


210 
250 
300 
270 
130 
530 
120 
140 
1200 


150 
1000-2200 


165 


218 
218 
112 
218 
96 
284 
125 
100 
150 
100 


20.4 
24.6 
33.4 
31  .6 
47.0 
27.7 
21  0 

170 
172 

88 

81 

53 

43 

107 

78 

59 

68 

38 

80 
143 


130 

105 

125 

73 

14 

102 

22 

22 

250 


53 
70 
31 
59 
29 
57 
72 
57 
86 
57 


8.25 
9.50 
16.6 
26 
31.4 
17.3 
10.9 

40 
43 
26 
20 
15 
43 
14 

23 
18 
15 
15 
7 
20 
36 
18 
14 
10 

60 
57 
70 
46 
33 
49 
30 
33 
41 
17 
40 

24.7 
28 

39 
44 
39 
41 
40 
31 
31 
37 
27 
14 
24 
19 
29 
19 
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Material 


Measurements 


Floor 
space, 
(sq.   ft.) 


Cu.  ft. 


Weights 


Gross 


Per 
sq.  ft. 


Per    I 

cu.  ft 


Dye  stuffs,  etc. 

Hogsheads  bleaching  powder 

Hogsheads  soda  ash  powder 

Box  indigo 

Box  cutch 

Box  sumac 

Caustic  soda  in  iron  drum 

Barrel  pearl  alum 

Box  extract  logwood 

Barrel  lard  oil 

Miscellaneous 

Rope 

Box  tin 

Box  glass 

Crate  crockery 

Cask  crockery 

Bale  leather 

Bale  goatskins 

Bale  raw  hides 

Bale  raw  hides  compressed 

Bale  sole  leather 

Pile  sole  leather 

Barrel  granulated  sugar 

Barrel  brown  sugar 

Cheese 

Pitch 


11.8 

10.8 

3.0 

4.0 

1.6 

4.3 

3.0 

1.06 

4.3 

2.7 

9.9 

13.4 

7.3 

11.2 

6.0 

6.0 

12.6 

3.0 

3.0 

39.2 

29.2 
9.0 
3.3 
4.1 
6.8 

10.5 
0.8 

12.3 


0.5 

39.6 
42.5 
12.2 
16.7 
30.0 
30.0 
8.9 


1200 
1800 
385 
l.JO 
160 
600 
350 
55 
422 


139 

1600 
600 
190 
300 
400 
700 
200 

317 
340 


102 

167 

128 

38 

100 

140 

117 

52 

98 


99 

162 
52 

26 

27 

67 

117 


106 
113 


31 
62 
43 
45 
39 
88 
33 
70 
34 

42 
278 
60 
40 
14 
16 
18 
13 
23 
16 
17 
42 
45 
30 
72 


4.  Fire  Prevention  and  Fire  Protection. — In  the  design  of  important  structures,  especi 
industrial  and  commercial,  the  architect  or  engineer  should  consult  the  local  insurance  boa 
as  they  maintain  laboratories  and  a  large  engineering  force  which  is  at  the  disposal  of  interet 
parties  without  charge.  In  many  cases,  insurance  costs  may  be  materially  reduced  bj-  t 
assistance.  It  is  also  important  to  consult  the  local  building  laws  and  the  insurance  code 
regard  to  the  fundamental  requirements  in  the  use  of  fire  walls,  automatic  fire  doors,  metal  c 
and  window  frames  and  sash,  window  shutters,  enclosed  stair  and  elevator  shafts,  etc. 

Mills,  factories,  warehouses,  stores,  or  any  structures  having  extensive  areas  contain 
quantities  of  inflammable  materials,  should  first  of  all  be  protected  with  a  complete  autom: 
sprinkler  system.  All  large  buildings  should  have  standpipes  with  hose  reels  or  racks  con\ 
iently  located  in  stairways,  etc.,  where  they  are  easily  accessible  in  case  of  fire  and  so  pla 
that  the  hose  stream  or  streams  will  reach  every  part  of  the  floor  or  section  to  be  protect 
Chemical  fire  extinguishers  or  pails  of  water,  or  both,  should  also  be  placed  where  ea: 
accessible. 

A  sprinkler  system  should  have  its  own  water  supply,  usually  a  tank  of  proper  capac 
either  on  the  roof  or  on  an  independent  tower.     In  locating  a  tank  on  the  roof,  care  must 
taken  that  it  is  amply  supported,  preferably  on  the  walls  of  the  bmlding.     Where  a  city 
department  is  available,  an  outside  connection  for  fire  engines  is  also  installed.     In  one 
protection  system  designed  for  a  large  steamship  pier,  there  was  a  connection  at  the  land  < 
for  fire  engines,  and  another  at  the  water  end  for  fire  boats. 

Fire  piunps  should  be  of  the  Underwriter's  pattern  of  approved  make.  Approved  rot: 
and  centrifugal  pumps  may  be  used  instead  of  steam  pumps  but  should  be  driven  by  independ 
motors.      The  pump  room  and  boiler  room  should  lie  cut  off  from  the  rest  of  the  plant  by 
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w  alls  and  fire  doors,  and  so  located  that  in  case  of  fire,  men  may  stand  by  the  boilers  and  pumps 
to  the  end. 

Industrial  plants  covering  extensive  ground  area  should  have  a  system  of  water  piping  and 
hydrants  with  fire  hose  in  suitable  hose  houses. 

The  following  is  quoted  from  a  report  of  the  Associated  Factory  Mutual  Insurance  Com- 
panies, detailing  the  necessary  equipment  for  proper  fire  protection.  Requirements  of  other 
insurance  boards  do  not  differ  materially  from  these. 

The  extent  and  capacity  of  the  fire  apparatus  depends  largely  upon  construction,  height,  area,  occupancy,  and 
arrangement  of  a  plant,  and  also  upon  its  surroundings.  The  more  inaportant  requirements  for  an  ideal  plant  are 
as  follows: 

Water  Supply:  (a)  Public  water  supplied  by  gravity  at  good  pressure  and  ample  quantity  is  best.  A  pressure 
of  about  60  lb.  maintained  in  the  mill  yard  while  1000  to  1500  gal.  or  more  are  flowing  is  ordinarily  considered  excel- 
lent.    Such  a  public  water  supply  is  always  preferred  to  an  elevated  tank. 

(6)  Pump  supply  from  one  or  two  Underwriter  pumps  according  to  the  size  of  the  plant.  Pumps  to  draw  from 
supply  capable  of  furnishing  water  during  a  fire  of  long  duration  and  independent  of  the  public  water  works. 

(c)  Steam  boilers  should  have  two  absolutely  independent  sources  of  water  supply.  A  direct  connection  from 
fire  pump  to  the  boilers  is  often  desirable  and  may  be  considered  as  one  of  these.  The  steam  supply  to  pump  should 
be  taken  off  behind  a  valve  or  valves  controlling  supply  to  engines  or  other  factory  service,  and  all  controlling  valves 
should  be  in  the  boiler  house.  The  pipe  should  be  so  located  that  it  can  not  be  broken  by  falling  walls  or  other 
accident  at  a  fire. 

Hydrants:  Placed  at  sufficiently  frequent  intervals  so  that  the  full  capacity  of  the  water  supply  available  may 
be  concentrated  at  any  point  of  the  plant  without  the  use  of  long  lines  of  hose. 

Generally  hydrants  at  intervals  of  about  200  ft.  are  required,  two-way  hydrants  to  have  at  least  5-in.  gate 
opening  and  barrel,  and  hydrants  with  more  than  two  outlets  to  have  a  6-in.  gate  opening  and  barrel,  and  independ- 
ent gates  for  each  outlet. 

Roof  hydrants  are  of  value  in  fighting  outside  fires  either  in  adjoining  properties  or  where  buildings  adjoin  one 
another  in  a  crowded  mill  yard. 

Hose  standpipes  properly  located  are  of  great  value  in  buildings  of  over  two  or  three  stories  especially  when  fire 
is  beyond  control  of  sprinklers. 

Sprinklers:  (a)  Automatic  sprinklers  throughout  all  rooms  including  storehouses,  elevators,  and  stairs,  all 
closets,  enclosures,  etc.,  also  to  be  covered.  There  should  be  no  part  of  the  floor  area,  ceilings,  or  roofs  without 
ample  protection,  and  heads  must  be  so  spaced  as  to  satisfactorily  cover  all  places.  It  is  required  that  detail  sprink- 
ler plans  showing  protection  proposed  be  submitted  to  the  Insurance  Companies  before  the  installation  begins. 
Dry  pipe  valves  should  be  used  only  when  it  is  impracticable  to  heat  the  building,  as  their  installation  consider- 
ably increases  the  time  before  discharge  of  water  on  the  fire,  and  therefore  correspondingly  weakens  the  protection. 

(6)  Each  sprinkler  connection  into  buildings  to  be  provided  with  outside  post  indicator  gate,  safely  located, 
and  sufficient  connections  are  required  for  large  areas  so  that  there  may  not  be  over  200  sprinklers  in  one  room  on  a 
single  6-in.  supply.  Pipe  connections  into  buildings  should  not  be  less  than  6  in.,  even  when  supplying  risers  of 
smaller  size,  except  in  especial  cases  where  only  30  or  40  heads  are  supplied  per  floor  in  low  buildings. 

Yard  Pipes:  Of  ample  size  to  carry  the  water  available  to  sprinklers  and  hydrants  without  serious  loss  of  pres- 
sure. For  the  mill  shown,  an  8-in.  loop  pipe  is  sufficient.  Should  the  loop  not  be  practicable,  the  pipe  in  a  part 
of  the  yard  system  may  need  to  be  10  in.  For  large  mills  with  extended  yard  area,  10-in.  pipe  or  even  larger  may 
be  necessary.  Class  E  pipe  N.E. W.W.  Association  is  required.  Pipes  to  be  in  such  location  that  hydrants  and  post 
indicator  valves  may  be  at  a  good  distance  from  the  walls  of  very  high  buildings  or  those  of  large  area.  Pump 
check  valves  should  be  safely  located  below  floor  level.     The  brick  well  is  merely  to  make  it  more  readily  accessible. 

Circuit  controlling  valves  are  advisable  at  intervals  in  extensive  yards  so  as  not  to  necessitate  shutting  off  the 
entire  yard  system  at  one  time  in  case  of  repairs  or  alterations. 

Hose:  (a)  Outside  equipment  to  consist  of  25^-in.  Underwriter  cotton  rubber-lined  hose  of  one  of  the  approved 
brands  which,  together  with  spanners,  1}^  in.  Underwriter  nozzles,  axes,  bars,  lantern,  etc.,  must  be  kept  in  the 
hose  houses. 

(6)  Inside  equipment  to  be  provided  in  all  rooms,  fed  preferably  from  a  system  of  small  standpipes  independent 
of  sprinkler  system,  that  it  may  be  available  if  the  sprinklers  are  shut  off  on  account  of  accident  or  after  they  are 
shut  off  at  fire  to  save  water  damage.  In  some  cases,  it  may  be  attached  to  1-in.  nipples  from  sprinkler  pipes  not 
less  than  2J-^  in.  in  diameter,  but  is  then  not  available  at  a  time  when  it  may  be  most  needed  Hose  and  coupl- 
ings to  be  for  l}-i-in.  Underwriter  linen  hose  and  nozzles  J^-in.  smooth  bore. 

(c)   For  tower  standpipes  2^|-in.  best  Underwriter  linen  hose  of  approved  brands  to  be  provided 

PROTECTION  OF  STRUCTURAL  STEEL  FROM  FIRE 
By  H.  Ray  Kingsley 

5.  Effects  of  Heat  on  Steel.— It  is  not  generally  known  that  as  the  temperature  of  struc- 
i"    tural  steel  rises  the  strength  increases.     As  the  temperature  of  steel  rises  from  about  the  freezing 
point  it  steadily  grows  stronger  ti'.l  at  300°C.  (575°F.)  it  is  over  20%  stronger  than  normal.     It 
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is  well  known  that  as  steel  gets  very  hot  in  fires  it  loses  its  strength  and  that  if  the  temperature 
rises  sufficiently  high  the  steel  will  fail.  As  the  temperature  of  steel  rises  above  575°F.  its 
strength  decreases  t.U,  at  about  425°C.  (800°F.),  it  has  dropped  back  to  normal  strength.  From 
this  point,  as  the  temperature  rises  to  700°C.  (1300°F.),  the  strength  of  steel  rapidly  drops,  then 
the  strength  drops  more  slowly  as  the  temperature  increases  to  1100°C.  (2000°F.).  At  aboufe 
1480°C.  (2700°F.)  steel  begins  to  melt. 

A  series  of  very  carefully  conducted  fire  and  load  tests  on  structural  steel  columns  by  the    ^i 
Bureau  of  Standards,  Washington,  D.  C,  shows  that  structural  steel  begins  to  fail  under  load  at 
temperatures  ranging  from  570  to  837°C.  (1058  to  1539°F.),  the  average  of  all  determinations 
being  668°C.  (1234°F.).     Other  authoritative  fire  tests  have  shown  that  structural  steel  fails 
under  load  at  from  1125  to  1210°F. 

According  to  the  Bureau  of  Standards  Technologic  Paper  No.  184,  which  is  a  report  of  fire 
and  load  tests  of  106  columns,  the  general  cause  of  failure  of  loaded  steel  columns  exposed  to  fire 
is  as  follows: 

The  failure  in  the  fire  test  was  due  in  all  cases  to  decrease  in  mechanical  strength  of  steel  with  increase  of  tem- 
perature. The  temperature  required  to  cause  failure  depended  mainly  on  the  unit  load  carried  by  the  structural 
section,  although  uneven  stress  distribution  as  caused  by  incidental  eccentricity  of  load  application,  uneven  bear- 
ings, and  deflection  of  the  column  entered  as  possible  modifying  conditions.  The  general  or  local  lateral  deflections 
occurring  immediately  before  failure  were  due  to  yielding  of  the  metal  and  can  be  considered  as  failure  effects. 

The  deflection  and  distortion  at  failure  caused  large  permanent  loss  of  load-carrying  capacity,  depending  on  the 
amount  of  the  deflection  and  the  rigidity  of  the  section,  the  remaining  strength  being  estimated  at  5  to  50  %  of  that 
before  test. 

6.  Intensity  of  Heat  in  a  Fire. — Conflagrations  such  as  those  at  San  Francisco,  Baltimore,  and 
Tokyo  indicate  that  temperatures  from  fires  have  risen  as  high  as  2800°F.  (estimated),  although 
rarely  rising  above  1900  to  2200°F.  The  average  temperature  of  the  San  Francisco  fire  did  not 
exceed  1500°F.  According  to  various  estimates,  the  most  intense  heat  in  fire-resistive  building; 
in  the  Baltimore  and  San  Francisco  fires  lasted  from  a  few  minutes  to  an  hour.  Steel  and  iron 
oxidized  in  many  cases  but  seldom  melted.  Wire  glass  melted  in  places.  In  some  cases,  glasi 
and  sash  weights  melted  and  kegs  of  nails  softened  sufficiently  to  weld  together.  In  some  cases, 
the  edge  of  broken  cast-iron  columns  softened.     In  the  Edison  fire  of  December  9,  1914,  at  West 

-Grange,  N.  J.,  evidences  of  temperatures  ranging  from  2000  to  2500°F.  were  found.  The 
writer,  who  hved  in  Tokyo  at  the  time  of  the  great  earthquake  and  conflagrations  there,  Sep- 
tember 1,  1923,  examined  many  structures  in  Tokyo  and  Yokohama  after  the  fire.  In  many 
cases,  glass  had  melted,  metal  had  oxidized  and  in  some  cases  had  softened,  steel  frames  had 
warped,  and  earthenware  dishes  had  fused  and  run  together,  indicating  temperatures  up  to 
2500°F.  or  higher.  Various  grades  of  steel  begin  to  melt  at  from  2300  to  2700°F.  A  compara 
tively  small  liot  fire  confined  to  a  portion  of  a  building  may  cause  failure  of  improperly  protected 
column  or  floor  beams.  It  is  therefore  necessary  that  steel  be  adequately  protected  against 
damage  by  fires. 

7.  Protection  of  Steel  from  Fire  Damage. — To  ensure  protection  of  steel  against  damage  by 
fires  it  is  necessary  to  incase  it  in  low  heat-conducting  materials.  Steel  very  rapidly  absorbs 
heat,  which  accounts  for  its  being  so  readily  damaged  by  fires.  During  severe  fires,  exposed 
steel  rapidly  absorbs  heat  till  its  strength  begins  to  drop,  often  to  the  failure  point.  By  properly 
incasing  the  steel  in  materials  which  are  poor  conductors  of  heat  the  steel  is  protected  during  the 
fire  and  does  not  absorb  enough  heat  to  endanger  the  strength  of  the  structure. 

The  ideal  material  for  protective  coverings  should  conduct  heat  very  slowh'  and  should  be 
of  a  quality  and  thickness  such  that  in  the  course  of  burning  of  the  contents  of  the  building  no 
serious  damage  will  result,  either  to  the  members  incased  or  to  the  material  itself.  The  protec- 
tive covering  must  be  adapted  to  resist  not  only  the  destructive  action  of  the  fire  but  also  the 
action  of  the  streams  of  water  used  in  extinguishing  the  fire.  No  material  can  resist  the  con- 
tinued alternate  action  of  heat  and  the  sudden  cooling  by  water.  Smelters  of  ores  and  manu- 
facturers of  metals  early  found  it  necessary  to  line  the  interior  of  their  furnaces  wherein  ores 
are  smelted  and  metals  are  melted  with  clay  to  preserve  the  furnace  from  destruction  by  the 
intense  heat  necessary  to  melt  the  ores  and  metals.     When  steel  came  into  use  as  a  structural 
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building  material  it  was  found  necessary  to  protect  it  from  possible  damage  by  fires.  Naturally, 
when  searching  for  a  good  and  abundant  material  for  that  purpose  the  building  fraternity  turned 
to  clay  products,  as  clay  had  been  found  to  be  the  only  satisfactory  and  economical  material  for 
,  lining  furnaces,  stoves,  stacks,  etc.,  against  damage  from  the  intense  heat  necessary  to  be 
maintained  in  them.  The  result  was  the  development  of  the  hollow  clay  tile  fireproofing  indus- 
try. Clay  tile  was  the  original  and  still  is  the  best  all-round  fireproofing  material.  Hollow  clay 
tile,  brick,  concrete,  gypsum  products,  and  plaster,  when  properly  made  and  properly  used, 
have  withstood  laboratory  tests  and  ordinary  fires  to  a  satisfactory  degree. 

The  relative  rate  of  heat  transmission  through  these  materials  for  average  conditions  of 
construction,  represented  in  British  thermal  units  (B.t.u.)  per  hour,  per  square  foot  of  area  of 
material,  per  inch  thickness,  per  1°F.,  is  as  follows: 

Hollow  tile 2.61 

Brick 2.94 

Gypsum 2.98 

piaster 3.26 

Concrete 6.46 

The  e  figures  are  the  average  of  many  tests  from  various  sources  as  prepared  by  the  Ameri- 
can Society  of  Refrigerating  Engineers,  for  ordinary  temperatures,  but  for  high  temperatures 
resulting  from  fires  there  are  some  variations  from  the  above  figures,  due  to  chemical  changes 
brought  about  by  heat  in  the  composition  of  the  exposed  material,  which,  in  the  case  of  gypsum 
and  concrete,  forms  an  excellent  heat-insulating  coat.  This  insulated  surface  protects  the 
interior  by  retarding  the  passage  of  heat  to  it. 

8.  Fire  Resistance  of  Materials. 

8a.  Hollow  Clay  Tile. — Tile  for  fire-protective  coverings  and  structural  purposes 
is  made  in  three  classes,  hard,  medium,  and  soft. 

The  American  Society  for  Testing  Materials  has  prepared  specifications  and  tests  for 
hollow  burned-clay  fireproofing  tile,  as  given  in  the  chapter  "Hollow  Building  Tile"  (Sect.  7, 
Art.  39,  Vol.  II),  made  from  surface  clay,  shale,  and  fire  clays  or  admixtures  thereof. 

The  classes  of  tile  are  determined  by  the  amount  of  absorption  and  the  strength  test,  both 
of  which  must  be  met  for  a  given  class. 

In  cases  where  the  fire  resistance  is  an  essential  property  the  purchaser  shall  specify  the  degree  of  fire  resistance 
(fire-resistance  period)  required,  and  the  manufacturer  shall  supply  such  available  information  on  the  fire  test 
performance  of  the  given  or  closely  similar  product  as  will  aid  the  purchaser  in  deciding  whether  the  reciuirements 
are  met. 

Hollow  clay  tile  is  the  original  fireproofing  material  for  structural  steel.  Due  to  its  high 
resistance  to  heat,  its  lightnes.s — combined  with  great  strength — its  adaptabiUty  to  any  shape, 
and  its  general  availability,  it  has  become  one  of  the  leading  fireproofing  materials.  It  is  also 
very  easily  repaired  when  damaged  by  a  severe  fire. 

The  second  Equitable  Building  Fire,  February  16,  1926,  is  a  good  illustration  of  the  efiBciency  of  hollow  clay  tile 
for  fire  protection  of  steel.  A  severe  fire  in  the  pipe  shaft  accidentally  started  by  workmen  making  repairs  to  a  6-in. 
cold-water  supply  pipe  twisted,  expanded,  and  ruptured  a  5-in.  uncovered  gas  line.  The  escaping  gas  from  the 
ruptured  gas  line  fed  the  flames  which  continued  for  some  time  unabated  by  the  streams  of  water  thrown  on  it  by 
the  firemen.  A  fire  door  from  the  shaft  on  the  thirty-fifth  floor  had  been  left  open  by  the  workmen.  The  flames 
shot  out  into  the  file  room  on  this  floor  and  consumed  all  the  combustible  office  equipment  and  suppUes.  The 
damage  to  the  building  was  confined  to  destroying  most  of  the  hollow  tile  fireproofing  on  the  lower  flange  of  one 
girder,  and  the  exposed  shells  of  the  hollow  tile  floor  were  broken  in  a  number  of  places.  In  this  severe  and  pro- 
longed test  hollow  tile  fully  protected  the  steel  structure  from  fire  damage.  The  pipe  shaft  was  enclosed  by  6-in. 
hollow  tile  partitions  plastered  on  the  room  side.  The  office  was  enclosed  with  -t-in.  hollow  tile  partitions.  All 
hollow  tile  partitions,  hollow  tile  floor  tile,  and  fireproofing  tile  stopped  the  roaring  and  long-drawn-out  fire,  pre- 
venting it  from  spreading  to  adjoining  rooms  and  very  creditably  protecting  the  steel  structure.  The  fire  doors 
were  badly  damaged  but  successfully  prevented  the  spread  of  the  fire  to  adjoining  rooms.  When  the  damaged 
hollow  clay  tile  was  replaced,  the  structure  was  in  as  good  condition  as  when  new. 


I 
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The  main  weakness  of  hollow  tile  as  a  fireproofing  material  is  that  a  rapid  change  of  tem- 
perature, due  to  a  severe  fire,  tends  to  cause  the  exposed  shell  to  expand  more  rapidly  than  th<  ^ 
webs  and  shells  within  and  sometimes  causes  the  joints  to  break  immediately  back  of  the  exposec 
shell  due  to  the  unequal  expansion.  The  advantages  of  the  use  of  hollow  clay  tile  as  a  fireproof- 
ing material  are  so  manj'  that  they  have  lead  to  its  extensive  use  in  modern  fireproof  buildin§ 
construction. 

Exhaustive  fire  and  load  tests  by  the  Bureau  of  Standards,  Washington,  D.  C,  have  proved  that  clay  tile  well- 
burned,  but  not  burned  to  a  condition  approximating  vitrification,  will  ensure  strong  tile  capable  of  giving  the  fire 
resistive  periods  required.  The  more  porous  the  hollow  tile  generally  the  better  fire-resisting  qualities.  Th« 
introduction  of  combustible  filler  up  to  15  %,  more  especially  to  the  dense  burning  clays,  will  increase  fire  resistance 
Fineness  of  grinding  does  not  appreciably  affect  the  fire  resistance  of  hollow  clay  tile.  The  effect  of  grog  and  th< 
amount  of  pugging  seemed  to  have  no  effect  on  fire  resistance  of  clay.  Shell  thickness  does  not  have  an  appreciabh 
effect  upon  fire  resistance  of  hollow  tile.  Moderate  fillets  up  to  }4,-  or  J^-in.  radius  have  been  found  desirable,  bu 
larger  fillets  are  not  beneficial  and  may  even  be  detrimental.  Gypsum  plaster  and  cement  plaster  without  Umi 
or  with  lime  from  10  to  50  %  by  volume  will  stay  in  place  throughout  the  fire  exposure  or  up  to  the  fusion  point  o 
the  plaster.  Lime  plaster  falls  off  soon  after  fire  exposure.  Tests  showed  that  unplastered  walls  frequently  woulc 
be  damaged  by  short  fire  exposures,  whereas,  if  plastered,  they  would  be  undamaged  or  suffer  only  minor  damage 
Hollow  tile  furripg  on  exposed  side  of  walls  will  prevent  any  serious  fire  damage  to  the  wall  itself.  There  is  m 
difference  in  fire  test  results  on  the  size  of  the  tile  units  used  in  the  walls.  The  number  of  air  cells  and  shells  througl 
a  wall  thickness  make  no  difference  in  the  liability  to  loosening  of  the  exposed  shell,  but  more  cells  and  shells  througl 
a  wall  generally  confine  the  damage  more  nearly  to  the  exposed  surface  of  the  wall.  This  also  leaves  a  greater  resid 
ual  wall  strength  after  fire  exposure.     The  more  units  of  hollow  tile  through  a  wall  the  greater  the  fire  resistance 

86.  Brick. — The  fire-resisting  qualities  of  brick  have  been  demonstrated  in  man} 
fires.  When  used  in  large  units,  particularly  in  thin  walls,  damage  may  result  in  severe  firer 
from  expansion.  Thick  walls  suffer  less  damage  from  expansion,  although  the  bricks  maA 
crack,  spall,  or  fuse  under  the  action  of  fire  or  water.  Tests  by  the  Bureau  of  Standards,  Wash- 
ington, D.  C,  show  that  under  fire  tests  maintained  for  several  hours  the  mortar  in  the  joint; 
of  brick  walls  on  the  exposed  side  expanded  so  greatly  as  to  throw  the  wall  out  of  plumb  and  endan 
ger  it.  In  small  units,  as,  for  example,  in  floor  arches  or  protection  for  columns,  properly  madv 
brickwork  is  an  excellent  fire-resistant  material.  To  be  first  class  in  this  respect  the  chemica 
properties  of  the  clay  should  be  such  that  a  temperature  of  at  least  2200°F.  is  required  to  \'itrif> 
it.  The  burning  of  the  brick  in  the  process  of  manufacture  should  proceed  to  a  point  just  shon 
of  vitrifaction.  Because  of  the  excellence  of  clay  materials  for  resisting  fires  and  excessivt 
heat,  furnaces  and  smokestacks  are  fined  with  fire  brick  to  protect  them  against  destruction 
Ordinary  chimneys  are  best  fined  with  burned  fire  clay  flues.  There  is  no  satisfactorj'  substitute 
for  a  good  burned-clay  product  for  resisting  fires  and  excessive  heat. 

8c.  Concrete. — Concrete  has  come  into  general  use  the  past  two  decades  as  a 
fireproofing  and  structural  material,  due  chiefly  to  its  cheapness  and  adaptabifity  to  many  uses. 
The  aggregates  stone  and  sand  used  for  the  manufacture  of  concrete  are  generally  found  in 
quantities  near  the  work.  Water  is  also  generally  available.  Cement  is  well  distributed 
throughout  the  country. 

Plain  and  reinforced  concrete  has  stood  fire  tests  and  conflagrations  very  creditably,  prov- 
ing its  value  as  a  fire-resistive  material.  Care  must  be  used,  however,  in  the  selection  of  the 
aggregates,  because  some  forms  of  sand  and  rock  are  very  susceptible  to  disintegration  by  fire. 
This  disintegration  by  fire  may  be  due  to  unequal  stresses  set  up  within  the  stone  by  the  outer 
portion  of  the  stone  becoming  highly  heated  while  the  interior  is  still  comparatively  cool,  or  it 
may  be  caused  by  the  stone's  first  becoming  highly  heated  and  then  being  suddenly  cooled  by 
the  application  of  a  stream  of  cold  water.  Some  believe  that  the  crumbling  of  granite  and  other 
stone  under  heat  is  due  to  microscopic  bubbles  in  the  quartz  grains  which  contain  water  or  liquid 
carbonic  acid  gas.  Under  heat  these  hundreds  of  microscopic  bubbles  expand  and  burst, 
disrupting  the  stone. 

Tests  and  conflagrations  show,  in  general,  that  the  more  compact  and  hard  and  fine  grained 
the  sample  the  better  it  withstands  high  temperature  and  that  the  coarser  it  is  the  more  readily 
it  is  damaged.  Fire  tests  also  show  that  at  about  1600°F.  rock  behaves  somewhat  differently 
than  at  lower  temperature.     Also  the  greater  the  absorption  in  general  the  greater  the  effect  of 


Sec.  3-Sr/]  STRUCTURAL  DATA  341 

the  heat.     Sand,  grave',  and  rock  composed  largely  of  quartz,  chert,  and  marble  are  very  poor 
aggregates  for  fire-resisting  concrete. 

The  Bureau  of  Standards  report  of  fire  tests  on  concrete  for  fireproofing  states:  "With  a  given  thickness  or 
size  of  covering  the  main  cause  of  variation  in  results  was  the  difference  in  fire-resisting  properties  of  concrete  made 
with  different  aggregates."  The  same  authority  found  the  poorest  aggregates  to  be  "sand  and  gravel  consisting 
almost  wholly  of  quartz  and  chert  grains  and  pebbles,  the  gravel  being  a  particularly  high  chert  content."  Con- 
crete from  this  material  disrupted  badly,  spalling  and  exposed  the  steel  it  should  have  protected. 

Concrete  made  from  trap  rock,  granite,  and  sandstone  aggregate  proved  average  fire-protecting  materials. 
Limestone,  rock  and  gravel  from  the  same  material  proved  to  be  the  best  fire-resistive  concrete  materials.  Very 
little  cracking  resulted  on  exposure  to  fire,  and  their  heat-insulating  value  was  increased  by  the  change  of  the  cal- 
cium and  magnesium  carbonate  to  the  corresponding  o.xides.  This  process  left  material  of  good  insulating  prop- 
erties and  retarded  the  flow  of  heat  through  the  region  of  change. 

Fire  tests  on  concrete  by  Prof.  I.  H.  Woolson,  Columbia  University,  showed  that  concrete  heated  to  1000  to 
1500°F.  loses  half  to  two  thirds  its  strength  in  2  to  3  hours,  and  gravel  content  was  found  not  to  be  a  reliable  or  safe 
fire-resistive  material.  The  cement  in  concrete  begins  to  dehydrate  at  about  500  to  600°F.  causing  the  concrete  to 
lose  its  strength.  Under  severe  fires  concrete  is  seriously  impaired  to  about  1  in.  average  depth,  and  while  it  may 
remain  in  place  and  appear  all  right  to  the  causal  observer,  it  will  readily  wash  off  when  a  hose  stream  is  applied  to 
t.  Good  concrete  will,  however,  remain  in  place,  although  calcined  and  dehydrated,  through  a  severe  fire.  There- 
n  lies  the  secret  of  the  value  of  concrete  as  a  fire-resistive  material.  It  is  because  this  surface  calcines  and  dehyd- 
drates,  thereby  forming  a  protective  coat  which  insulates  the  interior  and  retards  the  heat  from  passing  through 
it  to  the  material  within,  that  the  proper  kind  of  concrete  makes  an  excellent  fireproofing  material.  Although  tem- 
peratures may  be  1600°F.  on  its  face,  it  would  not  rise  much  over  500°F.  2  in.  below  the  surface  in  2  to  4  hours.  The 
weight  of  concrete  is  a  drawback  against  its  use  as  a  fireproofing  material.  Moreover,  concrete  is  expensive  when 
well  made  and  applied. 

Cinder  concrete  is  comparatively  light  and,  due  to  its  porosity,  is  a  good  average  fireproofing 
material.  The  cinders  should  be  hard  and  free  from  dust  and  deleterious  elements  such  as 
su'phur.  Concrete  with  sulphur  content  on  becoming  wet  forms  sulphuric  acid  which  attacks 
and  destroys  the  concrete  and  the  metal  that  comes  in  contact  with  it.  Blast  furnace  slag  is  an 
excellent  aggregate. 

8(/.  Plaster. — All  grades  of  mortars  and  plasters  from  common  lime  and  sand* 
mortar  to  the  highest  grades  of  patent  and  cement  plasters  are  used  for  fire-resisting  purposes 
in  various  forms  of  hght  interior  construction.  These  fire-resisting  materials  have  been  called 
into  existence  by  false  notions  of  economy  and  space  occupied.  Some  of  the  harder  mortars 
and  patent  plasters  when  applied  to  light  metal  frameworks  and  metal  lathing  have  proved 
by  experience  to  be  more  or  less  useful,  according  to  the  intensity  and  duration  of  the  fire,  but 
ultimately  disintegrate.     The  use  of  such  construction  should  be  governed  by  discrimination. 

Lime  plaster,  although  a  good  non-conductor  of  heat,  is  a  poor  fire-resisting  material 
because  it  early  begins  to  spall  and  fall  off,  losing  its  effectiveness  as  a  fireproofing  material. 

Cement  plaster,  although  it  usually  stays  in  place  during  a  fire  and  protects  the  interior  to 
a  limited  extent,  is  generally  worthless  after  passing  through  the  ordeal  and  cannot  be  con- 
sidered as  first-class  fire-resisting  material. 

Gypsum  plaster  possesses  a  very  low  thermal  conductivity  and,  like  cement  plaster,  remains 
in  place  during  a  fire.  It  calcines  and  will  generally  be  washed  off  when  a  stream  of  water  is 
applied  to  it  after  exposure  to  fire.  It  cannot  be  considered  a  first-class  fireproof  material. 
The  prepared  or  hard  wall  plasters,  being  similar  in  composition  to  gypsum  blocks,  form  a  better 
bond  for  the  joints  than  cement  mortar  and  are  more  satisfactory. 

9.  Selection  of  Protective  Covering. — The  fire  risk  will  vary,  depending  upon  the  contents, 
the  use  of  the  building,  and  the  external  hazards.  A  machine  shop,  foundry,  or  structural  shop, 
containing  no  combustible  material  and  having  no  external  hazard,  may  require  no  protection 
of  its  framework  from  fire.  The  lower  floors  of  office  or  store  buildings  are  more  often  subject 
to  fire  because  of  the  location  of  the  heating  system  or  accumulation  of  waste  or  inflammable 
material  in  basements.  Partial  protection  is  of  some  value.  Plaster  on  metal  lath  will  protect 
structural  steel  for  a  while  in  a  fire  but  the  destruction  of  the  covering  and  the  exposure  of  the 
steel  to  the  fire  becomes  merely  a  question  of  the  intensity  and  duration  of  the  exposure.  Many 
considerations  besides  the  character  of  the  materials  affect  the  selection  of  the  fireproofing.     Too 
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often  the  first  cost  governs  the  selection  and  the  result  is  a  low-grade  covering.  As  a  rule,  if  it 
is  decided  that  reinforced  concrete  is  the  cheapest  and  best  for  the  floor  construction,  the  same 
material  will  be  used  for  the  protection  of  the  columns — likewise  for  hollow  tile.  Combinations, 
however,  are  frequently  used.  Portland  cement  concrete  and  hollow  tile  besides  having  excel- 
lent fire-resisting  qualities  serve  for  the  structural  parts  and  are  the  materials  most  commonly 
used. 

10.  Thickness  of  Protective  Covering. — The  thickness  of  the  covering  required  varies  with 
the  exposure  and  the  importance  of  the  member.  Floors  on  which  quantities  of  combustible 
materials  are  stored  should  have  protection  in  proportion  to  the  severity  and  duration  of  the 
fire.  Columns  are  the  most  vital  members  of  a  building  and  should  receive  the  most  protection. 
Steel  near  exterior  window  or  door  openings  is  subject  to  severe  exposure  and  should  be  covered 
with  a  thickness  greater  than  for  the  floor  joists.  The  sections  of  the  Chicago  Building  Ordi- 
nance^ relating  to  columns  and  floors  are  as  follows: 

Fireproof  Material. — The  material  which  shall  be  considered  as  filling  the  conditions  of  fireproof  covering  are- 
(1)   burnt  brick;  (2)   tiles  of  burnt  clay;  (3)   approved  cement  concrete;  (4)    terra  cotta. 

In  all  cases,  the  brick  or  hollow  tile,  solid  tile  or  terra  cotta  shall  be  bedded  in  cement  mortar  close  up  to  the 
iron  or  steel  member  and  all  joints  shall  be  made  full  and  solid. 

Exterior  Columns. —  (a)  All  iron  or  steel  used  as  vertical  supporting  members  of  the  external  construction  of 
any  building  exceeding  50  ft.  in  height  shall  be  protected  against  the  effects  of  external  change  of  temperature,  and 
of  fire  by  a  covering  of  fireproof  material  consisting  of  at  least  4  in.  of  brick,  hollow  terra  cotta,  concrete,  burnt 
clay  tiles,  or  of  a  combination  of  any  two  of  these  materials,  provided  that  their  combined  thickness  isn  ot  less  than 
4  in.  The  distance  of  the  extreme  projection  of  the  metal,  where  such  metal  projects  beyond  the  face  of  the  column, 
shall  be  not  less  than  2  in.  from  the  face  of  the  fireproofing;  provided,  that  the  inner  side  of  external  columns  shall 
be  fireproofed  as  hereafter  required  for  interior  columns. 

(6)  Where  stone  or  other  incombustible  material  not  of  the  type  defined  in  this  ordinance  as  fireproof  material 
is  used  for  the  external  facing  of  a  building,  the  distance  between  the  back  of  the  facing  and  the  extreme  projection 
of  the  metal  of  the  column  proper  shall  be  at  least  2  in.,  and  the  intervening  space  shall  be  filled  with  one  of  the 
fireproof  materials. 

(c)  In  all  cases,  the  brick,  burnt  clay,  tile,  or  terra  cotta,  if  used  as  a  fireproof  covering,  shall  be  bedded  in 
cement  mortar  close  up  to  the  iron  or  steel  members,  and  all  joints  shall  be  made  full  and  solid. 

Interior  Columns. — (o)  Covering  of  interior  columns  shall  consist  of  one  or  more  of  the  fireproof  materials 
herein  described. 

(6)  If  such  covering  is  of  brick  it  shall  be  not  less  than  4  in.  thick;  if  of  concrete,  not  less  than  3  in.  thick;  if  of 
burnt  clay  tile,  such  covering  shall  be  in  two  consecutive  layers,  each  not  less  than  2  in.  thick,  each  having  one  air 
space  of  not  less  than  J^  in.,  and  in  no  such  burnt  clay  tile  shall  the  burnt  clay  be  less  than  J^  in.  thick;  or  if  of 
porous  clay  solid  tiles,  it  shall  consist  of  at  least  two  consecutive  layers,  each  not  less  than  2  in.  thick;  or  if  con- 
stituted of  a  combination  of  any  two  of  these  materials,  one-half  of  the  total  thickness  required  for  each  of  the 
materials  shall  be  applied,  provided  that  if  concrete  is  used  for  such  layer  it  shall  not  be  less  than  2  in.  thick. 

(c)  In  the  case  of  columns  having  an  "H"  shaped  cross  section  or  of  columns  ha\'ing  any  other  cross  section 
with  channels  or  chases  open  from  base  plates  to  cap  plates  on  one  or  more  sides  of  the  columns,  then  the  thickness 
of  the  fireproof  covering  may  be  reduced  to  2}>i  in.,  measuring  in  the  direction  in  which  the  flange  or  flanges 
project,  and  provided  that  the  thin  edge  in  the  projecting  flange  or  arms  of  the  cross  sections  does  not  exceed 
^4  in.  in  thickness.  The  thickness  of  the  fireproof  covering  on  all  surfaces  measuring  more  than  ^  in.  wide  and 
measuring  in  a  direction  perpendicular  to  such  surfaces  shall  not  be  less  than  that  specified  for  interior  columns  in 
the  beginning  of  this  section,  and  all  spaces,  including  channels  or  chases  between  the  fireproof  covering  and  the 
metal  of  the  columns,  shall  be  filled  solid  with  fireproof  material.  Lattice  or  other  open  columns  shall  be  com- 
pletely filled  with  approved  cement  concrete. 

Wiring  Clay  Tiling  on  Columns. — (a)  Burnt  clay  tile  column  covering  shall  be  secured  by  winding  wire  around 
the  columns  after  the  tile  has  been  set  around  such  columns.  The  wire  shall  be  securely  wound  around  tile  in  such 
manner  that  every  tile  is  crossed  at  least  once  by  a  wire.  If  iron  or  steel  wire  is  used  it  shall  be  galvanized  and  no 
wire  used  shall  be  less  than  number  twelve  gage. 

(6)  In  places  where  there  is  trucking  or  wheeling,  or  handling  of  packages  of  any  kind,  the  lower  5  ft.  of  every 
column  encased  with  hollow  tile  shall  be  encased  in  a  protective  covering  of  No.  16  U.  S.  gage  steel  embedded  in 
concrete. 

Pipes  Enclosed  by  Covering. — (a)  Pipes  shall  not  be  enclosed  in  the  fireproofing  of  columns  or  of  other  structural 
members  of  any  fireproof  building;  provided,  however,  gas  or  electric  light  conduits  not  exceeding  ?4-in.  diameter 
may  be  inserted  in  the  outer  %  in.  of  the  fireproofing  of  such  structural  member,  where  such  fireproofing  is  entirely 
composed  of  concrete. 

(6)  Pipes  of  conduits  may  rest  on  the  tops  of  the  steel  floor  beams  or  girders,  p^o^^ded,  they  are  embedded  in 
cinder  concrete  to  which  slaked  lime  equal  to  5  %  of  the  volume  of  the  concrete  has  been  added  before  mixing  or 
their  being  embedded  in  stone  concrete. 

'  Revised  Building  Ordinances  of  the  City  of  Chicago,  as  amended  Feb.  20,  1911. 
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Coverings  of  Beams,  Girders,  and  Trusses. — (o)  The  metal  beams,  girders,  and  trusses  of  the  interior  structural 
parts  of  a  building  shall  be  covered  by  one  of  the  fireproof  materials  hereinbefore  specified  so  applied  as  to  be  sup- 
ported entirely  by  the  beam  or  girder  protected,  and  shall  be  held  in  place  by  the  support  of  the  flanges  of  such 
beams  or  girders  and  by  the  cement  mortar  used  in  setting. 

(6)  If  the  covering  is  of  brick,  it  shall  be  not  less  than  4  in.  thick;  if  of  hollow  tiles  or  if  of  solid  porous  tiles, 
or  if  of  terra  cotta,  such  tiles  shall  be  not  less  than  2  in.  thick  applied  to  the  metal  in  a  bed  of  cement  mortar; 
hollow  tiles  shall  be  constructed  in  such  manner  that  there  shall  be  one  air  space  of  at  least  J^  in.  by  the  width  of 
the  metal  surface  to  be  covered  within  such  clay  coverings;  the  minimum  thickness  of  concrete  on  the  bottom 
and  sides  of  the  metal  shall  be  2  in. 

(c)  The  tops  of  all  beams,  girders,  and  trusses,  shall  be  protected  with  not  less  than  2  in.  of  concrete  or  1  in. 
of  burnt  clay  bedded  solid  on  the  metal  in  cement  mortar. 

(d)  In  all  cases  of  beams,  girders,  or  trusses,  in  roofs  and  floors,  the  protection  of  the  bottom  flanges  of  the 
beams  and  girders  and  so  much  of  the  web  of  the  same  as  is  not  covered  by  the  arches  shall  be  made  as  herein- 
before specified  for  the  covering  of  beams  and  girders.  In  every  case  the  thickness  of  the  covering  shall  be  meas- 
ured from  the  extreme  projection  of  the  metal,  and  the  entire  space  or  spaces  between  the  covering  and  the  metal 
shall  be  filled  solid  with  one  of  the  fireproof  materials,  excepting  the  air  spaces  in  hollow  tile. 

(f)  Provided,  however,  that  all  girders  or  trusses  when  supporting  loads  from  more  than  one  story  shall  be 
fireproofed  with  two  thicknesses  of  fireproof  materials  or  a  combination  of  two  fireproof  materials  as  required  for 
exterior  columns,  and  such  covering  of  fireproof  material  shall  be  bedded  solid  in  cement  mortar. 


FIRE-RESISTIVE  COLUMN  CONSTRUCTION 

By  Frank  C.  Thiessen 

11.  Reinforced  Concrete  Columns. — Reinforced  concrete  columns  are  treated  in  Sect.  2. 
The  Joint  Committee  on  Concrete  and  Reinforced  Concrete  recommends  that  concrete  rein- 
forcement be  protected  by  a  minimum  of  2  in.  of  concrete. 

12.  Covering  for  Cylindrical  Columns. — Cross-sectional  forms  of  tile  for  encasing  cylin- 
drical columns  are  shown  in  Figs.  1  to  3  inclusive.  These  blocks  are  made  in  segments  of  a 
circle  and  of  varying  sizes,  allowing  a  space  between  the  block  and  the  surface  of  the  column. 
The  tile  should  be  arranged  to  break  joints.  The  designs  shown  in  Figs.  3  and  4  have  ribs  on 
the  inner  face  to  aid  in  the  setting  of  the  tile  and  to  maintain  a  space  of  uniform  width  around 
the  column.  If  the  columns  are  of  cast  iron,  the  space  may  be  left  unfilled  to  act  as  a  "dead 
air  space."  To  be  effective  in  this  respect,  however,  the  space  should  be  sealed  tight.  For  steel 
columns,  the  space  should  be  filled  solid  as  a  protection  against  corrosion.  To  make  the  anchor- 
age of  the  tile  covering  to  the  column  more  secure  against  the  action  of  fire  streams  or  falling 
debris  during  a  fire,  galvanized  iron  wire  should  be  tightly  wound  around  the  column  so  as  to 
cross  each  tile  at  least  once.  Fig.  5  shows  an  effective  method  of  protection  if  plaster  is  to  be 
used.  It  consists  of  a  double  covering  of  cement  plaster  on  metal  lath  separated  by  and 
attached  to  metal  furring  strips,  forming  two  air  spaces.  A  single  layer  is  not  considered  fire- 
proof. The  double  layer  with  the  air  spaces  not  only  makes  the  construction  more  fire-re- 
sistant but  also  forms  a  better  arrangement  to  resist  the  action  of  fire  streams.  It  will  be  noted 
that  this  column  is  not  thoroughly  protected  from  corrosion. 

13.  Coverings  for  Various  Steel  Columns. — Three  sections  of  hollow  tile  used  for  column 
covering  are  shown  in  Figs.  6,  7,  and  8.  Two  of  these  shapes  have  a  rounded  corner.  The 
application  of  tile  to  various  common  shapes  of  columns  is  shown  in  Figs.  9,  10,  11,  12,  and  13. 
If  pipes  or  wiring  are  to  be  protected  or  concealed  in  a  space  alongside  a  coluinn,  the  column, 
nevertheless,  should  be  encased  on  all  sides  as  shown  in  Fig.  14.  Failure  to  provide  the  inner 
laj-er  adjacent  to  the  steel  column  has  been  demonstrated  to  be  bad  practice.  With  the  arrange- 
ment shown,  temporary  removal  of  the  casing  around  the  pipe  space  for  the  purpose  of  inspec- 
tion for  repairs  will  not  leave  the  column  exposed.  The  protection  of  the  pipe  is  ordinarily  not 
as  important  as  that  of  the  main  strength  members  and  accordingly  the  thickness  of  covering 
required  may  be  somewhat  less,  provided  the  pipes  are  set  3  or  4  in.  inside  the  casing. 

14.  Hollow  Tile  Columns. — Fig.  15  shows  a  form  of  hollow  tile  having  webs  and  walls 
about  twice  as  thick  as  ordinary  hollow  tile.     These  blocks  are  made  in  one  size,  S^i   X  4  X  8 
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Fig.  1. 


Fig.  2. 


Fig.  3. 


Fig.  4. 


Fig.  5. 
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Fig.  15. — "Monarch"  tile  block. 
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III.,  or  about  the  size  of  4  ordinary  building  bricks.     Columns  of  these  blocks  may  be  built  up 

111  square  or  rectangular  cross  section,  varying  from  S}4  to  31  in.  square. 

The  height  of  the 

column  should  not  exceed  12  times  the  least  dimension. 

Table  For  "Monarch"  Tile  Block  Columns 

size  of  column 

Safe  load 

No.  of  tile  in 

No.  of  tile 

Weight  of  column 

(inches) 

(pounds) 

cross  section 

per  lin.  ft. 

per  lin.  ft. 

31       X  31 

612,500 

241.^                                   36?i 

612 

31       X  263-^ 

525,000 

21                                       311.^ 

525 

261.^  X  26H 

450,000 

18 

27 

450 

26H  X  22 

375,000 

15 

22>^ 

375 

22       X  22 

312,500 

12H 

18M 

312>^ 

22      X  17H 

250,000 

10 

15 

250 

17H  X  17M 

200,000 

8 

12 

200 

17>^  X  13 

150,000 

6 

9 

150 

13      X  13 

112,500 

4>^ 

GH 

n2M 

13       X     8>^ 

75,000 

3 

4yi 

75 

8>2  X     83-2 

50,000 

2 

3 

50 

FIRE-RESISTIVE  FLOOR  CONSTRUCTION 
By  Frank  C.  Thiessen 

15.  Requirements  of  a  Fire -resistive  Floor. — A  fire-resistive  floor  should  withstand  a  fire 
destroying  the  combustible  contents  of  a  building  with  no  damage  to  the  structural  parts  and 
with  no  more  than  sUght  damage  to  the  material  used  for  the  protective  covering.  It  goes 
almost  without  saying  that  the  floor  should  support  its  full  safe  load  at  all  times  without  exces- 
sive deflection.  The  floor  should  be  water-tight  to  prevent  damage  by  water  to  the  contents 
of  floors  below.  As  ordinarily  constructed,  floors  of  hollow  tile  or  brick  are  very  permeable; 
water  will  make  its  way  through  cinder  fill;  cracks  in  concrete  or  tiled  floors  may  allow  water 
to  reach  the  floor  below.  Ordinary  plaster  is  usually  removed  either  by  the  fire  or  by. hose 
streams.  Most  forms  of  plaster  or  gypsum  blocks,  although  serving  to  protect  the  steel  frame- 
work from  heat,  may  require  reconstruction  after  the  combined  action  of  fire  and  water.  Some 
repairs  are  to  be  expected  even  with  the  best  of  materials  for  no  material  can  resist  the  prolonged 
action  of  intense  heat  and  water  applied  when  the  parts  are  hot. 

16.  Fire  Tests. — The  proper  manner  of  using  the  various  fire-resisting  materials  in  the 
construction  of  fire-resistive  fioors  has  been  developed  by  observation  and  study  of  many  build- 
ings after  fire  or  conflagrations  and  by  fire  tests  of  small  units.  By  far  the  greatest  number 
of  tests  of  types  of  floor  panels  has  been  made  under  the  auspices  of  the  New  York  City  authori- 
ties according  to  specifications  of  the  New  York  Building  Ordinance.  A  brief  description  of  the 
essential  features  of  tests  and  the  requirements  for  acceptance  will  indicate  what  is  expected  of  a 
fire-resisting  floor.  A  platform  or  floor  is  constructed  within  enclosure  walls  with  the  same 
quality  of  materials  and  workmanship  employed  in  actual  practice.  This  floor,  designed  for 
and  carrying  a  distributed  load  of  150  lb.  per  sq.  ft.,  is  subjected  to  a  continuous  wood  fire  below 
the  floor  maintained  at  an  average  temperature  of  1700  deg.  F.  for  4  hr.  At  the  end  of  that 
time  the  underside  of  the  hot  floor  is  subjected  to  a  l3^-in.  stream  of  water  at  60-lb.  nozzle 
pressure  for  5  min.;  after  which  the  upper  side  of  the  floor  is  flooded  with  water  at  low  pressure; 
and  then  the  stream  of  water  under  pressure  is  again  applied  to  the  underside  of  the  floor  for 
5  min.  After  cooling,  the  distributed  load  is  increased  to  600  lb.  per  sq.  ft.  and  the  deflections 
noted.  The  Standard  Test^  for  fireproof  floor  construction  of  the  American  Society  for  Testing 
Materials,  which  is  essentially  the  same  as  the  test  of  the  New  York  City  Bureau  of  Buildings 
and  the  British  Fire  Prevention  Committee,  prescribes  that  "the  tests  shall  not  be  regarded  as 

'  Year  Book,  Am.  Soc.  for  Testing  Materials. 
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suocossful  unless  the  following  conditions  are  met:  No  fire  or  smoke  shall  pass  through  the  floo 
during  the  test;  the  floor  shall  safely  sustain  the  loads  prescribed;  the  permanent  deflection  sha 
not  exceed  's  i"-  for  each  foot  of  span  in  either  slab  or  beam." 

17.  Scuppers. — The  floors  of  storage  warehouses,  mills,  or  factories,  containing  merchac 
dise  or  stock  subject  to  damage  by  water  should  be  impervious  and  should  be  provided  wit 
interior  drains  or  scuppers  placed  in  the  exterior  walls  for  the  ready  and  quick  escape  of  wate 
from  sprinkler  heads,  bursted  pipes,  or  hose.  The  scuppers  should  be  of  cast  iron  with  an  open 
ing  at  the  floor  level  of  about  4  X  12  in.,  sloping  downward,  at  a  pitch  of  21-^  in.  to  the  foot  t 
the  opening  beyond  the  edge  of  the  wall.  Brackets  or  guards  may  be  used  to  prevent  the  open 
ing  from  being  covered  or  clogged  by  material  being  placed  against  it.  Flap  covers  allowin 
the  water  to  escape  readily  without  permitting  a  circulation  of  air  along  the  surface  of  the  floo 
are  used  at  the  openings.     Two  designs  of  scuppers  are  shown  in  Figs.  16  and  17. 


Fig.   18. 


Fig.   19. 


Fig.  20. 


Fig.  21. 


18.  Reinforced  Concrete  Floors. — Reinforced  concrete  floors  are  treated  in  other  chapter: 
in  this  section  and  in  Sect.  2.  The  Joint  Committee  on  Concrete  and  Reinforced  Concreti 
recommends  that  concrete  reinforcement  be  protected  by  a  minimum  of  2  in.  of  concrete  oi 
girders,  13-2  in.  on  beams,  and  1  in.  on  floor  slabs. 

19.  Protection  of  Steel  Girders. — Steel  girders  having  a  greater  depth  than  the  floor  joist; 
and  projecting  below  the  floors  may  be  subject  to  extremely  severe  exposure  during  a  fire.  Th( 
lower  flange  should  be  covered  with  at  least  2J'^  in.  of  solid  tile  construction  to  4  in.  of  hollow 
tile,  depending  on  the  exposure  and  the  importance  of  the  member.  If  the  member  is  deep 
enough  so  that  the  web  is  exposed  below  the  floor,  the  space  above  the  flange  or  flanges  shoulc 
be  filled  flush  with  the  fire-resisting  material.  Sharp  corners  are  subject  to  unequal  heating  and 
usually  spall  more  than  flat  surfaces  or  rounded  corners.  Figs.  18  to  21  inclusive  show  typica. 
coverings  for  various  requirements  of  girders  used  in  floor  construction.  If  concrete  is  used 
for  the  fire-protective  covering  the  steel  girders  should  be  wrapped  with  a  wire  mesh  to  reinforce 
and  bond  the  covering  to  the  member.  See  Art.  68  (c)  for  various  types  of  steel  frame  floors 
fire-proofed  with  concrete. 
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20.  Brick  Arch  Floor  Construction. — A  brick  arch  may  be  built  between  steel  floor  beams  to 
'f  support  heavy  loads.     Tie-rods,  connecting  the  beams,  are  used  to  take  the  thrust  and  should 

be  covered  with  a  thickness  of  at  least  2)-2  in.  of  fire-resistive  material.  The  brick  are  laid  in 
cement  mortar  and  set  so  as  to  break  joints.  The  space  between  the  arch  and  the  floor  is  filled 
''  to  a  level  with  one  of  the  fire-resistive  materials,  usually  concrete.  Although  this  type  of  con- 
struction is  excellent  in  its  resistance  to  fire,  it  is  heavy  and  expensive.  It  has  been  used  in  the 
past  in  the  warehouse  type  of  building  where  appearance  of  the  underside  of  the  floor  is  not 
objectionable. 

21.  Terra  Cotta  or  Tile  for  Floor  Arches. — Hollow  terra  cotta  or  tile  blocks  are  made  in  a 
great  variety  of  shapes  and  sizes  for  the  various  requirements  of  floor  construction.  Having 
parallel  sides  or  edges,  the  blocks  are  adapted  to  use  between  the  floor  members  of  square  or 
rectangular  floor  panels.  Irregular  shaped  panels  or  irregular  spaces  created  by  openings  in  the 
floor  are  somewhat  difficult  to  fill  with  the  regular  units  of  tile.  If  the  space  is  so  irregular  that 
much  patchwork  is  required,  the  covering  of  the  steelwork  may  be  imperfectly  done  and  there 
is  also  the  possibiUty  of  tile  not  being  placed  in  position  to  develop  its  maximum  strength.  If 
the  floor  beams  are  parallel,  or  nearly  so,  the  tile  are  easily  and  rapidly  laid,  and  without  great 
interference  or  delay  to  other  work  in  the  building. 

Porous  tile  is  the  best  from  the  standpoint  of  resistance  to  fire  but  does  not  possess  as  great 
strength  as  the  harder  grades.  Semi-porous  tile  is  extensively  used  for  floor  arches  because  it 
combines  adequate  strength  with  satisfactory  fire-resistive  qualities. 

22.  Hollow  Tile  Flat  Arch. — In  Fig.  22  is  shown  a  perspective  view  of  a  hollow  tile  flat- 
arch  floor  with  the  tile  laid  side  to  side  and  breaking  joints.  The  openings  or  cells  of  the  tile  run 
parallel  to  the  beams.  In  this  type,  called  side-construction,  the  breaking  of  a  single  block  or 
its  removal  will  not  greatly  impair  the  strength  of  the  arch  beyond  the  block.  Fig.  23  is  an  illus- 
tration of  so-called  end  construction  of  a  flat  arch,  using  a  key  block  placed  as  in  the  side  con- 
struction. In  this  type  the  tile  is  placed  in  the  proper  position  to  transmit  the  thrust  directly 
through  the  webs  and  walls  to  the  steel  beam.  It  is  evident  that  the  blocks  should  be  set  in  line 
and  that  the  joints  should  be  well  bedded  with  cement  mortar. 

Table  of  Weights  and  Spans  for  End-construction  Arch' 


Depth  of  arch 
(inches) 

Weight 
(pounds  per  square  foot) 

Maximum  safe  spans 

(feet) 

(inches) 

6 

26 

4 

0 

7 

30 

4 

6 

8 

32 

5 

0 

9 

36 

6 

0 

10 

38 

6 

6 

12 

44 

8 

0 

14 

50 

9 

0 

15 

54 

9 

6 

16 

55 

10 

0 

The  strength  of  any  arch  depends  as  largely  on  workmanship  as  on  materials,  therefore  the  maximum  spans 
given  can  be  used  only  where  experienced  workman  are  employed  and  the  work  is  guaranteed  by  a  responsible 
contractor. 

'  National  Fireproofing  Co. 

The  end  block,  shown  enlarged  in  Fig.  24,  is  objectionable  because  it  may  not  offer  as  great 
protection  from  fire  to  the  lower  flange  of  the  beam,  and  may  not  be  smoothly  and  firmly  bedded 
at  the  floor  member.  Using  the  skew  shown  in  the  side  construction  and  combining  with  a 
key  block  and  lengtheners  set  endwise,  we  have  the  type  of  floor  arch  most  commonly  used  (Fig. 
25).  The  bottom  flange  is  covered  with  a  soffit  block  having  an  air  space  and  which  is  attached 
to  the  flange  by  clips  and  thoroughly  bedded  in  cement  mortar.     The  tile  are  scored  to  provide 
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a  bond  for  the  plaster  which  is  applied  directly  to  the  tile.  The  screeds  or  sleepers,  to  which  th 
flooring  is  nailed  may  be  of  2  X  2  in.,  2X3  in.,  or  2  X  4  in.  beveled  or  dovetailed  to  remain  ii 
place  in  the  concrete  falling  over  the  tile.  These  nailing  strips  may  rest  directly  on  the  stee 
joists  or  may  be  held  in  position  above  the  upper  flanges  by  sheet  metal  clips  notched  to  fit  th 


Fig.  22. — Hollow  tile  flat  arch — side  construction. 


FlQ.  23. — Hollow  tile  flat  arch — end  construction. 


Fio.  24. 


Fig.  25. — Common  type  of  hollow  tile  flat  arch. 


Fig.  26. — Simplex  floor  arch. 

upper  flange  and  nailed  to  the  sides  of  the  nailing  strips.     Cinder  concrete  is  commonly  usee 
for  the  filling. 

23.  Simplex  Floor  Arch. — This  flat  arch  is  of  the  side-construction  type  having  tile  wit! 
lugs  at  the  bottom  edge  to  form  a  space  or  recess  into  which  cement  mortar  may  be  groutec 
with  a  trowel.  Fig.  26  shows  a  cross  section  of  the  arch  with  a  form  of  support  or  centering 
used  in  setting  tile  in  flat-arch  floors. 
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24.  New  York  Reinforced  Tile  Floor. — A  type  of  construction  known  as  the  "New  York" 
Reinforced  End-construction  Arch  is  shown  in  Fig.  27.  It  is  intended  to  be  used  in  hght  floors, 
specially  for  residences,  apartment  houses,  and  hotels.  It  is  adapted  to  wide  spans,  in  which 
lome  tension  may  exist  at  the  center  of  the  span.  A  woven  wire  reinforcement  (Fig.  28)  is 
mbedded  in  the  cement  mortar  between  rows  and  near  the  lower  surface  of  the  tile.  This 
tecl  is  shipped  in  reels  and  is  cut  to  the  proper  length  on  the  job  as  required.  Tests  by  the 
Bureau  of  Buildings  of  New  Y'ork  City  have  indicated  that  live  load  of  150  lb.  may  be  used  for 
3-in.  tile  of  6-f t.  span,  and  for  8-in.  tile  of  7  ft.  6-in.  span. 


Fig.   27. — New  York  reinforced  tile  floor. 


Fig.  2S. — Reinforcement  for  New  York  reinforced  tile  floor. 


Fig.  29. — Herculean  flat  arch  tile  floor. 


Segmental  arch  floor. 


25.  Herculean  Flat  Arch. — This  system  consists  of  12  X  12-in.  blocks  of  semi-porous  terra 
cotta,  of  6,  8,  10,  or  12-in.  depth  according  to  span,  combined  with  steel  reinforcement.  It  is 
adapted  to  wide  spans  in  which  beam  action  requires  the  use  of  steel  at  the  top  or  bottom.  The 
reinforcement  consists  of  a  T-shaped  steel  bar,  IJ^  X  IJ^  X  Ke  in.,  embedded  in  cement 
mortar  in  a  groove  in  the  side  of  the  block.  For  arches  of  greater  depth  than  8-in.,  two  T-bars 
are  used  as  shown  in  Fig.  29. 

26.  Segmental  Arches. — Fig.  30  shows  a  hollow  tile  arch.  This  type  of  floor  construction 
may  be  used  where  loads  are  heavy,  as  in  warehouses,  factories  or  lofts.  Tie-rods  are  required 
to  take  the  thrust.  The  setting  of  the  tile  and  the  placing  and  covering  of  the  tie-rods  make 
the  segmental  arch  type  much  more  difficult  to  construct  than  the  flat  arches.  A  plastered 
ceiling  may  be  suspended  from  the  arch. 


350  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec  ^27 

FOUNDATIONS 
By  T.  Kennard  Thomson 

The  foundation,  as  applied  to  buildings,  bridges,  etc.,  is  considered  as  that  poition  of  the 
structure  resting  on  the  rock  or  soil.  The  foundation  work  generally  includes  the  excavation 
to,  and  preparation  of,  the  rock  or  subsoil  and  the  placing  of  concrete,  brick,  or  other  footings 
thereon. 

27.  Preliminary  Investigations. 

27«.  Personal  Survey  of  Site. — Before  making  any  plans  a  personal  inspection 
of  the  site  is  necessary.  No  rules  or  regulations  can  take  the  place  of  this,  for  every  site  has  its 
own  peculiar  environments  which  greatly  affect  its  adaptability  for  foundations.  A  site  in  a 
vacant  block,  for  instance,  requires  very  different  treatment  to  one  with  high  buildings  around 
it;  likewise,  a  site  near  a  stream  of  water,  or  even  in  the  bed  of  an  old  stream  long  since  diverted, 
requires  more  than  ordinary  consideration. 

If  the  plot  has  high  hills  surrounding  or  nearby,  an  enormous  unexpected  pressure  may  be  exerted  on  the 
foundations.  For  example,  a  well  built  culvert  having  walls  10  ft.  thick  and  supported  by  1600  piles,  under  an 
embankment  on  the  Erie  Railroad,  was  badly  wTecked  after  completion  by  the  piles  being  forced  sideways  by  the 
movement  of  a  soft  strata,  which  caused  one  end  of  the  tunnel  to  move  10  ft.  horizontally  and  then  back  2  ft.,  while 
the  other  end  moved  23-2  ft.  in  the  opposite  direction.  The  cause  of  this  distortion  was  the  action  of  the  water  from 
the  surrounding  hills  on  a  soft  bed  of  clay  some  distance  below  the  surface.  The  tops  of  these  hills  were  200  ft. 
or  so  above  the  culvert.  In  this  case  the  probabihties  are  that  if  the  piles  had  been  omitted  the  culvert  would  not 
have  been  destroyed,  as  the  movement  was  in  a  strata  below  the  surface  and  carried  the  piles  with  it.  It  is  inter- 
esting to  note  that  evidence  of  glacial  deposits  of  hardpan  were  found  on  the  adjacent  hills  over  1200  ft.  above  the 
sea  level. 

The  above  case  is  cited  simply  to  show  that  a  careful  inspection  by  a  trained  observer  should  always  precede 
the  mechanical  investigations,  or  much  better  still,  before  the  site  is  even  purchased.  Such  precautions  would 
save  ii)  the  aggregate  many  millions  of  dollars,  as  good  locations  can  often  be  as  easily  and  cheaply  secured  as  bad 
or  unsafe  ones. 

276.  Rod  Test. — If  the  site  for  the  building  has  already  been  selected  where  the 

ground  is  more  or  less  soft,  it  would  be  advisable  to  ascertain  the  approximate  depth  of  the 
soft  strata,  for  if  it  were  only  a  few  feet,  with  a  good  gravel,  rock,  or  other  stable  material  near 
the  surface,  it  would  be  worth  while  to  continue  the  excavation  to  the  more  reliable  material. 
A  simple  way  to  ascertain  this  is  to  drive  a  steel  rod  or  crowbar  into  the  ground.  If  the  rod 
only  penetrates  a  few  feet,  more  definite  means  should  be  taken  to  ascertain  the  nature  of  the 
material  under  the  surface,  whereas  if  it  penetrates  many  feet,  the  nature  of  the  building  might 
be  such  that  it  would  not  pay  to  carry  the  foundations  to  a  hard  bottom  at  that  site,  and  the 
character  of  the  building  might  also  be  such  that  there  would  be  no  object  in  going  deeper  than 
the  frost  or  other  requirements  necessitate.  In  some  cases,  the  rod  may  be  driven  30  ft.  or 
more,  but  at  the  best,  this  method  simply  indicates  that  a  hard  foundation  cannot  be  obtained 
at  a  reasonable  depth. 

27c.  Auger  Borings. — The  driving  of  a  steel  rod  or  crowbar  stops  on  the  first 
obstruction  and  would  not  indicate  that  below  this  obstruction,  be  it  clay,  gravel,  boulder,  or 
stump,  there  is  not  another  soft  strata.  An  ordinary  wood  auger  is  often  used  where  more 
definite  information  is  required.  The  auger  will  often  penetrate  100  ft.  or  more  and  brings  up 
fairly  reliable  samples.  The  auger,  however,  is  chiefly  of  use  in  fine  sand  or  clay  and  stops  on 
the  first  obstruction  encountered. 

27(1.  Wash  Borings. — When  the  material  is  too  hard  or  compact  to  get  good 
results  from  the  rod  or  auger,  wash  borings  are  frequently  made.  The  simplest  method  is  to 
use  a  gas  pipe  into  which  water  is  forced  and  allowed  to  escape  at  the  bottom  as  the  pipe  is 
worked  up  and  down  by  one  or  two  men  holding  it.  A  more  effective  method  is  to  have  a 
larger  pipe — say,  2  to  4  in.  in  diameter — which  is  driven  down  by  a  sort  of  miniature  pile  driver 
(generally  in  the  shape  of  a  tripod)  with  a  smaller  water  jet  pipe  working  inside  of  the  larger 
or  casing  pipe.     The  continual  flow  of  water  brings  the  material  to  the  surface  where  it  is  care- 
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ill\  collected  and  tabulated  so  that  a  plan  can  be  prepared  showing  the  various  stratas  passed 
irough. 

In  washing  up  the  materials,  clay  is  apt  to  disappear  and  the  coarse  material  to  be  sepa- 
ited  from  the  finer  so  it  is  rather  difficult  to  be  sure  that  the  samples  really  show  the  nature 
the  ground.     Wash  borings,  however,  are  in  many  cases  sufficiently  reliable  for  the  purpose; 
)st  very  much  less  than  core  borings;  and  may  be  carried  down  100  ft.  or  more. 

As  a  general  rule,  men  who  make  wash  borings  claim  that  they  stopped  on  rock  or  a  boulder — but  it  is  nearly 
ways  a  boulder.  An  experienced  man  who  knows  the  nature  of  the  rock  at  that  site  can  often  tell  if  he  has 
ally  reached  bed  rock,  especially  if  it  is  a  soft  rock,  like  micaceous  gneiss  which  easily  chips  off  and  is  washed 
it.  One  of  the  few  cases  where  wash  borings  always  reached  bed  rock  was  for  the  Pennsylvania  Tunnel  in  New 
ork  City,  under  Thirty-third  Street.  In  this  case  wherever  a  boulder  was  encountered  a  small  stick  of  dynamite 
as  dropped  down  the  hole  to  shatter  and  remove  the  boulder.  In  lower  New  York  the  operator  nearly  always 
aims  that  he  has  reached  bed  rock  when,  as  a  matter  of  fact,  he  is  at  or  near  the  top  of  the  hardpan.  After  being 
idly  deceived  once  or  twice,  an  experienced  contractor  will  never  agree  to  carry  his  foundations  to  bed  rock  on 
e  evidence  of  wash  borings — but  will  only  contract  to  go  to  the  depth  indicated  by  the  borings,  if  for  a  lump 
im,  with  so  much  per  cubic  yard  for  extra  work  below  these  depths. 

27e.  Diamond  Drill  Borings. — Diamond  drill  or  core  borings  are  used  where  it 
necessary  to  be  absolutely  sure  as  to  the  depth  of  the  bed  rock  and  the  nature  of  it.     These 

orings  are  obtained  by  having  a  cutter  which  is  hard  enough  to  cut  out  a  core  of  even  the  hard- 
t  rock  and  bring  it  to  the  surface.     The  cutting  tool  is  made  of  diamond,  shot,  or  fragments  of 

hilled  cast  iron.     These  cores  are  sometimes  about  1  in.  in  diameter  and  from  a  fraction  of  an 

ich  to  5  or  10  ft.  long. 

An  experienced  operator  should  never  have  any  difficulty  in  telling  whether  his  sample  is  from  a  boulder  or 
ed  rock — for,  in  the  first  place,  he  should  know,  or  soon  find  out,  the  nature  of  the  bed  rock  at  the  site  he  is  work- 
ig,  and,  in  the  second  place,  boulders  are  usually  of  a  much  harder  material  than  the  rock  and  are  naturally  limited 
1  size.  The  reason  for  this  is  that  what  we  call  boulders  are  big  gravel,  having  been  brought  down  and  deposited 
1  the  glacial  period — all  the  rough  corners  and  soft  pieces  being  ground  off  in  the  process.  New  York  gneiss,  for 
istance,  would  have  been  pulverized  long  before  it  could  have  been  formed  into  a  boulder. 

Diamond  drill  borings  are  naturally  much  more  expensive  than  the  other  methods  described,  but  on  the  other 
and  they  are  conclusive  evidence,  as  far  as  they  go,  although  they  do  not  show  the  variation  of  the  rock  level 
etween  the  borings.  For  instance,  in  the  Ohio  River,  at  Mingo  Junction,  the  rock  is  almost  as  level  as  the  water, 
/hile  in  New  York  the  rock  is  tilted  as  if  it  has  been  thrown  into  place  and  is,  therefore,  exceedingly  uneven  in 
levation.  In  lower  New  York,  the  top  of  the  hardpan  is  usually  nearly  level  for  considerable  distances — but  the 
op  of  the  rock  is  very  irregular,  varying  as  much  as  14  ft.  vertical  in  the  same  number  of  feet  of  horizontal  distance. 

As  it  is  much  cheaper  to  get  a  contractor,  who  makes  a  specialty  of  making  borings,  to  rig  up  a  plant,  than  it  is 
o  get  one  to  do  it  who  is  not  familiar  with  the  operation,  it  is  hardly  worth  while  to  give  details  of  these  devices  of 
(•hich  there  are  an  unlimited  number  of  designs. 

27/.  Test  Pits. — Digging  a  small  test  pit  will  often  take  the  place  of  boring  or 
upplement  the  information  obtained  thereby.  But  test  pits  are  not  usually  made  under  the 
;round  water  level  nor  to  more  than  a  few  feet  in  depth. 

27g.  Test  of  Soil  for  Bearing  Capacity. — Where  the  local  cond  tions  are  not 
veil  understood,  it  is  well  to  make  special  tests  of  the  soil  by  putting  a  platform  on  the  ground 
md  loading  it.  The  larger  the  area  covered  by  the  testing  platform  the  more  reliable  the  results, 
)ut  even  the  most  careful  experiments  of  this  nature  require  a  great  deal  of  personal  judgment, 
lot  only  that  the  conditions  may  be  thoroughly  understood,  but  also  that  the  present  conditions 
vill  really  represent  future  conditions.  For  instance,  a  test  on  dry  hard  clay  would  be  valueless 
f  the  clay  subsequently  became  wet;  or,  on  the  other  hand,  if  the  test  were  made  on  wet  clay — 
hat  could  not  squeeze  out  and  the  clay  afterwards  became  dry — the  shrinkage  resulting  might 
)e  serious. 

It  is  often  good  judgment  to  dig  a  hole  and  put  the  loading  platform  on  the  bottom  of  this  hole,  provided  the 
xcavation  for  the  test  hole  fairly  represents  the  conditions  of  the  proposed  foundations.  The  reason  for  this  is 
hat  the  weight  of  surrounding  material  holds  foundation  soil  in  place,  so  where  only  2  to  4  tons  would  be  allowed  on 
and  when  the  foundations  were  to  be  near  the  surface,  if  the  excavation,  say  by  pneumatic  caisson  or  cofferdam, 
vere  carried  30  or  40  ft.  down,  6  to  10  tons  pt-r  sq.  ft.  might  be  safe. 

28.  Characteristics  of  Soil,  Rock,  Etc. — If  the  sand,  clay,  or  other  material  had  been  pre- 
)ared  by  man  so  that  he  knew  the  exact  constituents,  how  it  had  been  placed,  how  rammed. 
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rolled,  or  tamped,  it  would  be  comparatively  easy  to  say  how  much  load  could  safely  be  applied, 
but  as  these  materials  have  been  placed  by  nature,  sometimes  by  gentle  sedimentation  and 
sometimes  under  enormous  hydraulic  pressure,  and  as  they  are  often  placed  in  layers  of  more 
or  less  thickness,  with  or  without  water  present,  all  we  can  do  is  to  give  general  rules  as  above 
and  then  make  tests  and  use  our  best  judgment.  In  fact,  no  part  of  a  structure  is  so  dependent 
on  good  judgment  and  so  little  bound  by  cast-iron  rules  as  the  foundations. 

In  view  of  the  many  laboratory  tests  and  papers  on  the  subject  of  foundation  substrata,  it 
might  be  well  to  state  that  when  subsoil  materials  are  taken  into  a  laboratory  they  are  no  longer 
subsoil  materials  and  can  never  again  be  put  into  a  position  where  they  will  act  as  they  would 
where  nature  has  placed  them. 

For  instance,  in  each  and  every  case  there  is  a  difference  of  arrangement  of  more  or  less 
natural  cementing  material,  and  there  is  no  telling  how  many  thousands  of  pounds'  pressure 
nature  may  have  exerted  during  the  placing  or  shortly  thereafter. 

The  writer  has  seen  hardpan,  or  glacial  drift,  placed  under  an  unknown  depth  of  water,  at 
an  elevation  of  over  1200  ft.  above  the  sea  level,  in  western  New  York.  One  might  almost  as 
well  pulverize  concrete  and  then  test  the  material  in  a  laboratory  as  if  it  were  concrete.  Each 
and  every  foundation  is  apt  to  have  certain  conditions  not  found  anywhere  else,  and  all  the 
laboratory  tests  in  the  world  would  not  eUminate  the  necessity  of  using  one's  best  judgment 
in  each  and  every  case. 

Sand. — Clean  sand  has  been  packed  in  such  a  manner  by  hand  that  it  safely  carried  IOC 
tons  per  sq.  ft.,  or  more,  and  yet  as  it  is  found  in  nature,  it  cannot  be  loaded  with  more  than 
from  2  to  4  tons  except  in  deep  excavations. 

Sand  varies  from  pure  silica  in  very  fine  particles,  to  gravel,  or  it  may  be  mixed  in  various 
proportions  with  many  different  materials,  as  clay,  loam,  decayed  vegetable  matter,  minerals, 
etc.,  and,  most  important  of  all,  water.  Sometimes  nature  makes  a  thorough  mixture;  while 
there  are  many  places  where  successive  layers  are  found.  These  may  be  thick  or  thin,  of  sand, 
clay,  gravel,  etc.,  and  may  be  repeated  over  and  over  again.  A  shaft  has  been  sunk  through 
about  40  ft.  of  distinct  layers  many  of  which  were  less  than  }ie  in.  thick.  The  claj'  acts  as  a 
lubricant  to  help  the  sand  to  slide  into  any  accessible  opening. 

If  the  sand  is  confined  so  that  it  cannot  escape,  it  will  safely  sustain  great  loads  whether 
it  be  dry  or  wet,  and  sand  of  coarse  grain  may  be  alternately  wet  and  dry  provided  no  sand 
is  lost  or  carried  away  in  the  process  of  wetting  or  drying,  the  coarser  grains  being  much  less 
liable  to  be  carried  off. 

The  disintegration  of  rocks  (especially  igneous  rock,  containing  silica  and  calcium)  by  the  action  of  the  weather, 
wave,  or  wind,  forms  pure  sand.  After  being  separated  from  the  rock  the  grains  are  carried  by  the  rivers,  waves 
of  the  oceans,  or  wind,  to  a  new  bed,  and  often  many  other  substances,  such  as  clay,  mud,  minerals,  etc.,  are  de- 
posited at  the  same  time  or  in  between  the  difTerent  layers  of  sand.  Calcareous  sands  are  formed  generally  by 
the  waves  of  the  seashore,  which  act  on  limestone  beds,  shells,  corals,  etc.  Much  sand  comes  from  pulverized  quartz, 
as  the  softer  rocks  will  not  stand  the  grinding  action  necessary  to  form  clean  white  sand. 

On  the  desert,  the  sand  particles  have  their  rough  edges  ground  off  by  being  blown  over  and  over  each  other 
by  the  wind,  which,  like  the  waves  and  floods,  tends  to  separate  the  larger  or  heavier  from  the  smaller  and  lighter 
fragments — -often  to  be  mixed  up  again  with  other  grades  of  sand  and  with  other  material.  Even  such  hard  sub- 
stances as  diamonds  are  rounded  when  carried  along  with  sand.  The  banks  of  a  river  may  contain  many  kinds 
of  rock  and  the  same  kind  of  rock  in  many  places,  some  making  sand,  others  gravel,  mud,  clay,  etc.,  all  of  which 
may  be  mixed  together  in  transit.  Even  a  coarse  sand  is  carried  on  a  current  of  less  than  J.^  mile  per  hour,  the 
heavier  grains  sinking  first  and  the  finer  grades  being  carried  much  farther. 

In  North  America  and  other  places,  much  sand  was  brought  down  with  the  ice  during  the  glacial  period. 
The  particles  of  this  sand  are  often  more  angular  than  the  particles  of  sand  washed  down  with  gravel  in  the  rivers  or 
blown  about  by  the  wind.     The  treatment  which  makes  sand  would  make  clay  or  mud  of  the  softer  rocks. 

All  kinds  of  metals,  diamonds,  earthy  matter,  etc.,  are  found  mixed  with  the  sand  at  different  places,  gold  and 
other  heavy  metals  working  their  way  to  the  bottom. 

Heat  accelerates  the  chemical  action  in  the  disintegration  of  rocks. 

Clay. — Nearly  all  rocks,  if  pulverized  fine  enough,  would  be  found  to  have  some  of  tlie 
quahties  of  clay.  Hard  rocks,  Uke  quartz,  as  a  rule  are  not  so  easily  decomposed  by  the  weatlier 
and  are  more  apt  to  form  sand  than  clay.  In  New  York,  however,  rock  containing  quartz  has 
been  found  under  30  ft.  of  hardpan  so  rotten  that  it  could  be  shovelled;  whether  this  deteriora- 
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tion  occurred  before  the  hardpan  was  deposited  or  was  due  to  subsequent  chemical  action 
would  be  hard  to  ascertain. 

Clay  is  a  combination  of  silica  and  alumina  with  all  sorts  of  impurities  mixed  with  it. 
When  mixed  wet  and  dried  out,  it  becomes  very  hard  and  shrinks  in  volume.  Being  so  much 
finer  in  particles  than  sand,  it  is  held  in  suspension  and  carried  much  farther  out  to  sea  than  the 
coarser-grained  sand  or  gravel,  which  are  deposited  first.  The  finest  particles  of  all  are  carried, 
often,  far  out  into  the  ocean  as  mud.  This  fine  material  may  become  shale  by  pressure  or 
some  other  means.  The  shale  may  be  uplifted  and  exposed  to  weather  where  it  will  disintegrate 
and  again  become  mud  or  clay. 

Clay  is  deposited,  layer  after  layer,  with  sand,  gravel,  or  other  material  (such  as  decayed  vegetable  matter, 
animal  matter,  minerals,  etc.)  mixed  in  between  and  often  acts  as  a  lubricant  for  the  more  compact  or  heavier  mate- 
rial to  slide  upon,  and  is  undoubtedly  the  cause  of  nearly  all  great  land  slides.  It  is  at  the  best  a  very  treacherous 
material  to  deal  with.  When  dry  it  will  carry  4  tons  per  sq.  ft.,  or  much  more,  but  when  wet  its  carrying  capacity 
is  extremely  uncertain  to  say  the  least,  and  often  it  would  not  be  safe  to  place  }^i  ton  per  sq.  ft.  on  it,  unless  a  con- 
siderable settlement  would  not  be  injurious  to  the  buildings. 

Clay,  unlike  sand,  is  softened  by  water  and  liable  to  move  under  pressure.  In  a  case  at  Hudson,  N.  Y., 
a  225-ft.  chimney,  power  house,  and  other  buildings  were  wrecked,  all  of  which  were  located  on  rising  ground 
near  a  creek,  and  12  acres  dropped  20  ft.  in  2  min.  Fifty  auger  borings  failed  to  indicate  the  cause  of  the 
disaster,  but  a  shaft,  about  4  ft.  square,  sunk  to  a  depth  of  35  ft.  disclosed  a  very  soft  layer  of  clay  at  about  the 
same  level  as  the  bed  of  the  creek.  The  probabilities  are  that  the  excessive  rains  of  that  season  had  reached 
this  bed  of  clay  from  the  surrounding  hills,  causing  the  sudden  collapse  which  moved  the  creek  bodily,  about 
100  ft.,  in  addition  to  the  sinking  of  the  12  acres.  This  layer  of  clay  as  disclosed  in  the  shaft,  was  entirely  in- 
adequate when  softened  by  the  excessive  rains,  to  carry  the  weight  of  the  soil  above  it  even  without  considering 
the  buildings  at  all;  and  as  a  proof  of  this  it  might  be  stated  that  a  similar  slide  occurred  nearby  in  the  Virgin 
Forest. 

Loam. — Loam  is  a  mixture  of  decomposed  organic  matter  with  sand,  clay,  etc.,  and  is 
treacherous  enough  material  even  when  not  full  of  worm  holes.  As  a  rule,  it  is  not  compacted 
by  Nature  as  most  sands  and  clays  are  by  the  glacial  or  other  floods,  and  does  not  extend  to 
any  great  depths.     No  building  of  any  importance  should  be  founded  on  it. 

Marl. — Marl  is  composed  of  clay  and  carbonate  of  lime  in  different  proportions,  the  car- 
bonate of  lime  often  making  it  valuable  as  a  fertilizer.  Like  clay  and  sand,  it  contains  many 
impurities,  fossils,  etc.     Soft  marl  is  called  earthy;  hard  marl,  indurated. 

Hardpan. — Hardpan  is  usually  a  mixture  of  sand,  clay,  and  gravel.  In  New  York,  for 
instance,  it  was  evidently  formed  in  the  glacial  period  and  seems  to  be  free  from  vegetable  or 
animal  deposits,  for  if  any  such  were  originally  in  the  mass,  all  traces  thereof  seem  to  have  dis- 
appeared. Generally  this  hardpan  lies  directly  on  the  rock  (in  New  York)  with  from  30  to  80  ft. 
of  quicksand  on  top  of  it,  but  occasionally  a  layer  of  from  2  to  20  ft.  of  clean  sand,  gravel,  and 
boulders  is  found  between  the  hardpan  and  the  rock.  The  proportions  and  consistency  of  this 
hardpan  vary  from  mud  to  a  natural  concrete  which  is  so  hard  that  it  has  been  mistaken  for 
good  Portland  cement  concrete.  As  a  rule,  however,  it  can  be  removed  by  pick  and  shovel. 
In  one  case  only,  when  sinking  caissons  in  New  York  City,  a  vacant  space  of  about  8  cu.  ft. 
was  found  in  the  middle  of  the  hardpan  removed.  This  may  have  been  formed  by  some  matter 
which  was  afterwards  decomposed  allowing  the  space  to  be  fiUed  with  water.  Most  hardpan 
is  much  harder  when  dried  out  than  when  in  its  original  bed,  under  water,  but  any  good  hardpan 
will  support  in  its  natural  bed  more  than  15  tons  per  sq.  ft.  provided  it  is  not  underdrained. 
Some  hardpans  are  water-tight,  others  water-bearing. 

Peat,  Bog,  Etc. — It  is  sometimes  necessary  to  put  floating  foundations  for  railroads  or  other 
structures  on  these  materials,  but  as  the  risk  is  great,  it  should  only  be  taken  when  unavoidable 
and  then  with  great  care.  Peat  is  vegetab'e  matter  not  fully  carbonized.  It  has  been  used 
for  embankments  on  canals  where  the  question  as  to  the  safety  of  having  an  inflammable  mate- 
rial for  the  banks  of  a  canal  was  gravely  debated. 

Silt. — The  Hudson  River  silt  is  so  fine  that  a  23-ft.  diameter  shield  of  a  tunnel  could  be 
driven  across  the  Hudson  River  without  excavating  any  material  whatever  (see  James  Forgie, 
Evg.  News,  Feb.  28,  1917,  p.  228).  In  this  material  90-ft.  piles  have  been  driven  in  6  min., 
without  reaching  any  harder  materials;  and  then  a  test  was  made  by  capping  4  of  these  piles 
a  week  after  being  driven,  when  they  held  a  test  load  of  160  tons  without  any  further  penetra- 
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tion  whatever.  The  Hudson  River  silt  is  very  much  finer  and  more  treacherous  than  the  New 
York  quicksand. 

Gravel. — Gravel  is  generally  obtained  by  screening  from  mixed  deposits  the  sand,  mud 
and  boulders;  occasionally  the  run  of  the  quarry  can  be  used  as  found  either  for  gravel  or  for 
concrete,  without  removing  the  sand. 

Rock. — A  good  rock  when  lying  in  its  original  bed  will  support  any  load  which  is  liable 
to  be  placed  upon  it.  The  chief  danger  is  where  the  stratification  is  inclined  and  in  such  a 
position  that  it  can  break  on  its  natural  cleavage  plane,  allowing  the  structure  to  slide  into  a 
valley  or  adjoining  excavation;  a  condition  to  be  guarded  against  in  a  city  like  New  York, 
where  the  stratification  is  very  tilted  and  very  irregular,  and  where  subways  and  excavations 
for  other  purposes  remove  the  rock  by  blasting  many  feet  below  the  foundations  of  the  adjoining 
buildings. 

29.  Loads  on  Foundations. — New  York  Building  Code,  as  of  March  14,  1916,  gives  a  good 
summarj'  for  loads  per  square  foot  on  different  soils,  excluding  mud,  as  follows: 

Wet  clay 1  ton 

Wet  sand 2  tons 

Firm  clay 2  tons 

Sand  and  clay  mixed  or  in  layers 2  tons 

Fine  and  dry  sand 3  tons 

Hard  dry  clay 4  tons 

Coarse  sand 4  tons  - 

Gravel 6  tons 

Soft  rock 8  tons 

Hardpan 10  tons 

Medium  rock '. 15  tons 

Hard  rock 40  tons 

When  the  Superintendent  of  Buildings  is  in  doubt  as  to  the  quality  of  the  soil,  he  demands 
that  proper  tests  shall  be  made  to  determine  the  safe  bearing  capacity.  He  will  also  consider 
any  tests  the  owner  may  wish  to  make  under  the  supervision  of  the  Department. 

In  New  Orleans,  where  the  subsoil  is  all  alluvial,  the  building  laws  specify  that  only  1400 
lb.  per  sq.  ft.  will  be  allowed  on  any  foundation.     Buffalo  allows  33^  tons  per  sq.  ft. 

The  writer  is  satisfied  that  almost  any  material  that  deserves  to  be  called  rock  will  bear,  in  its  original  posi- 
tion, practically  any  load  that  can  be  placed  upon  it,  provided  that  the  rock  is  not  inclined  and  lying  in  such  a 
position  that  it  can  slip  off  its  base  and  take  the  building  with  it.  When  the  rock  is  so  rotten  that  it  can  be  shovel- 
led out,  it  is  hardly  fair  to  call  it  rock.  Usually  concrete  is  placed  on  top  of  the  rock,  and  15  tons  per  sq.  ft.  is  a 
safe  allowance  for  good  concrete.  This  load  is  the  same  as  208  lb.  per  sq.  in.,  or  104  lb.  on  J-i  sq.  in.  Now  imagine 
a  girl  weighing  104  lb.  standing  on  a  French  heel  of  >2  sq.  in.  She  could  not  make  any  impression  on  a  wood  floor, 
much  less  on  bed  rock;  or,  in  other  words,  the  foundations  for  the  Singer  Tower  in  New  York  City,  612  ft.  high, 
only  cover  half  the  area  of  the  lot,  and  so  if  the  weight  of  the  Singer  Building  were  doubled,  the  weight  on  the 
whole  area  would  be  only  104  lb.  per  l-i  sq.  in.  First  class  concrete  would  carry  safely  much  more  than  15  tons 
per  sq.  ft.,  but  owing  to  liability  of  poor  workmanship,  etc.,  it  is  safer  not  to  allow  more  than  this  amount.  The 
load  allowed  on  mortar  or  concrete  will  generally  govern  the  load  on  the  rock  since,  apart  from  the  expense  of 
leveling  off  the  rock  to  get  a  direct  bearing  for  the  steel  columns,  it  is  usually  advisable  to  have  some  waterproof 
material,  such  as  sheet  copper  or  lead  under  the  columns  and  to  have  several  inches  of  mortar  between  this  mate- 
rial and  the  column  base.  Copper  should  never  be  in  contact  with  steel  as  the  steel  may  be  destroyed  by  electroly- 
sis, and  tar  and  felt  are  too  compressible  to  be  put  under  heavy  columns. 

30.  Dead,  Live,  and  Wind  Loads. — There  are  many  empirical  rules  for  estimating  the  loads 
on  foundations,  especially  as  regards  live  and  wind  loads.  The  dead  load  is,  of  course,  a  fixed 
item  being  the  weight  of  the  structure  itself. 

Most  building  laws  do  not  anticipate  that  all  of  the  floors  will  be  loaded  to  their  maximum 
at  one  time,  but  while  the  floors  of  an  office  building,  for  instance,  must  be  sufficiently  strong  to 
carry  heavy  safes  and  a  crowd  of  people  and  there  is  little  probability  of  all  the  floors  of  such 
building  being  so  loaded  at  the  same  time,  a  warehouse  or  factory  on  the  contrary  might  have 
its  capacity  taxed  to  the  utmost,  so  the  only  safe  way  is  to  take  each  ease  by  itself  and  design 
each  foundation  for  the  total  load  which  it  will  probably  be  subjected  to,  including  wind  and 
snow.  Many  cities  specify  that  the  foundations  shall  be  designed  to  carry  6091-  of  the  assumed 
live  load  in  addition  to  the  dead  load,  snow  load,  and  wind  pressure. 
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In  designing  steel  buildings  there  seems  to  be  a  greater  variation  in  provision  for  wind  stresses  than  for  any- 
other  item,  for  some  buildings  seem  to  have  been  built  without  making  any  provision  at  all — while  others,  like 
the  Singer  Building  Tower,  not  only  have  ample  knee  braces  and  other  connections,  but  have  in  addition,  anchor 
eye-bars  extending  many  feet  into  the  concrete  caissons  in  such  a  manner  that  the  whole  caisson  would  have  to 
be  lifted  or  the  column  broken  before  the  building  could  blow  over  (see  Trans.  Am.  Soc.  C.  E.,  vol.  LXIII,  pp. 
30).  Very  few  buildings  are  so  anchored  and  very  few  would  need  any  provision  against  uplift.  On  the  other 
hand,  however,  it  is  often  advisable  to  add  the  wind  loads  to  the  dead  and  live  loads  on  the  leeward  side  of  the 
building.  For  tall  chimneys  or  isolated  buildings,  the  entire  wind  pressure  might  reach  the  foundations  while  in  a 
built  up  section  of  a  city  only  a  fraction  of  the  maximum  wind  pressure  would  probably  do  so. 

31.  Building  On  Old  Foundations. — When  it  is  desired  to  add  3  or  4  stores  to  an  old  build- 
ing, it  will  often  be  found  that  a  building  which  has  been  in  existence  for  many  years,  resting 
on  sand,  clay,  etc.,  has  so  compressed  its  foundation  that  the  additional  weight  will  not  cause 
any  settlement  or  cracks  in  the  building  at  all.  This,  however,  can  be  determined  only  by  a 
careful  investigation  of  the  site,  making  borings  and  other  observations.  The  National  City 
Bank  on  New  York  quicksand,  and  the  Methodist  Book  Concern,  Fifth  Ave.,  on  sand,  clay, 
etc.,  are  examples  of  this.  Both  had  been  built  many  years  and  neither  settled  the  slightest 
when  new  stores  were  added  to  the  old. 

32.  Effect  of  Climate. — Foundations  are  not  usually  exposed  to  the  weather  and  are  not 
therefore  as  much  affected  by  the  climate  as  the  rest  of  the  building,  but  the  results  of  expansion 
and  contraction  must  always  be  considered.  Some  reinforced  concrete  buildings  have  been 
built  from  100  to  300  ft.  long  without  any  expansion  joints,  but  if  the  foundations  had  been 
continuous  for  that  length,  the  upper  part  of  the  structure  would  have  expanded  more  than  the 
base  with  disastrous  results.  Cast-iron  cylinder  piers,  6  to  8  ft.  in  diameter,  have  been  filled 
with  masonry  which  did  not  contract  as  quickly  as  the  cast-iron  shells,  with  the  result  that  the 
shells  split  open.     This  has  occurred  in  several  places. 

A  large  hospital  was  founded  on  shale,  and  had  a  4-in.  concrete  slab  for  a  floor,  without  any  expansion  joints 
although  the  building  was  over  100  ft.  square.  Under  the  floor  were  numerous  tunnels,  or  subways,  4  ft.  deep 
by  5  ft.  wide,  for  steam  pipes.  The  floor  was  constructed  in  January;  hospital  opened  in  July;  thermometer  stood 
at  102  deg.  in  shade  outside  and  128  deg.  in  the  subways  on  account  of  the  steam  pipes  being  required  for  sterilizing 
purposes.  As  the  heavy  building  was  on  a  solid  foundation,  the  floor  was  held  on  its  four  sides  by  the  heavy  build- 
ing, so  it  just  naturally  buckled  up — smashing  various  light  partition  walls,  etc.,  and  causing  thereby  considerable 
discussion  as  to  whether  (1)  the  building  had  settled,  (2)  the  building  had  risen  in  places,  or  (3)  an  explosion  of  coal 
gas  had  occurred.  This  discussion  lasted  for  months  before  the  real  cause  of  the  trouble — expansion — was  dis- 
covered. The  object  of  having  such  large  floors  without  expansion  joints  was  to  avoid  the  danger  of  germs  finding 
their  way  into  the  joints  where  they  could  not  be  scrubbed  out.  Needless  to  say,  the  above  object  could  have  been 
obtained  and  proper  provision  made  for  expansion  and  contraction  at  the  same  time. 

Heat. — Concrete  while  setting  should  be  protected  from  excessive  heat  of  the  sun  and  in 
some  places  it  would  be  advisable  to  keep  the  foundation  so  protected  until  the  building  is 
constructed  over  it. 

Concrete  like  rock  or  soils,  is  much  more  liable  to  disintegration  from  chemical  action 
when  at  the  same  time  subjected  to  heat.  This  has  been  found  to  be  so  at  Panama,  Long  Island 
Sound,  New  York  City,  and  many  other  places. 

In  the  writer's  opinion,  pure  salt  water  does  not  injure  dense  Portland  cement  concrete,  but  chemicals  from 
sewage  or  other  sources,  especially  when  heated  by  the  sun  or  other  means  do  destroy  it.  For  an  example,  the 
discharge  tunnel  from  a  powder  house  was  built  of  concrete.  The  impure  water,  so  discharged,  was  very  hot 
and  it  was  found  that  no  concrete  could  last  in  this  position.  A  wood  lined  tunnel  was  tried  and  up  to  date  seems 
to  give  satisfaction. 

Cold. — A  porous  concrete  which  allows  the  water  to  enter  and  freeze  or  to  carry  chemicals 
in  or  out  is  in  much  more  danger  from  climatic  changes  than  an  impervious  concrete.  Where 
necessary,  steel  reinforcing  should  be  used  to  prevent  danger  from  expansion  and  contraction. 
Foundations  should  always  be  carried  deep  enough,  unless  on  bed  rock,  to  prevent  the  material 
under  the  foundation  from  freezing  and  thus  expanding  so  as  to  lift  and  destroy  the  work. 

It  is  a  very  safe  rule  not  to  place  concrete  when  the  temperature  is  much  below  freezing. 
Good  concrete,  however,  has  been  laid  in  from  10  to  15  deg.  or  more  below  freezing  by  heating 
the  ingredients  before  mixing  and  covering  the  concrete  while  setting.     It  is  always  advisable 
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to  prevent  the  concrete  from  freezing  before  or  while  it  is  setting,  as  the  distortion  is  liable  to 
be  injurious. 

33.  Waterproofing. — The  nearer  concrete  is  to  being  waterproof,  the  better,  as  it  will  be  less 
liable  to  be  damaged  by  frost,  etc.,  and  one  of  the  surest  ways  of  accomplishing  this  is  to  have 
enough  cement  to  fill  all  the  voids  in  the  sand.  This  generally  means  a  mixture  of  one  part  of 
cement  to  two,  or  less,  parts  of  sand.  A  concrete  of  good  Portland  cement,  sand,  and  stone,  or 
gravel,  with  no  voids  will  come  very  near  to  being  waterproof,  but  at  the  same  time  this  is  a 
very  hard  condition  to  obtain. 

There  are  numerous  substances  which  it  is  claimed,  when  mixed  with  the  cement,  will  keep  the  water  out. 
Other  methods,  such  as,  tar  and  felt,  sheet  copper,  sheet  lead,  etc.,  are  well  known  and  reliable  if  properly  applied, 
but  as  a  rule  contractors  for  waterproofing  do  not  try  to  waterproof  against  a  head  of  water,  preferring  to  put  drains 
fjnder  the  floors  or  behind  the  walls  which  are  to  be  protected.  These  drains  lead  to  sumps  and  the  pumping 
therefrom  as  a  rule  is  not  serious.  Where  there  is  a  persistent  leak  in  a  wall,  it  is  a  common  practice  to  cut  a  groove 
in  the  wall  and  then  cover  it  over,  thus  forming  a  blind  drain  to  carry  the  water  from  the  leak  down  to  the  sump. 

Foundations,  retaining  walls,  etc.,  should  have  the  concrete  poured  continuously  from  the  base  to  the  top 
of  the  wall,  for  if  the  work  is  suspended  until  the  concrete  has  begun  to  set,  water  will  always  be  able  to  find  its 
way  through  horizontal  cracks  formed  where  the  stops  are  made  in  pouring.  As  there  is  generally  a  certain  amount 
of  milk  of  lime  or  laitance  on  the  top  of  wet  concrete,  a  small  seepage  of  water  will  eventually  greatly  enlarge  these 
horizontal  cracks,  by  washing  out  the  soft  mortar  or  milk  of  Ume.  An  examination  of  almost  any  retaining  wall 
along  a  railroad  will  prove  this  statement.  The  writer  never  allows  his  work  to  stop  over  night,  in  cases  where 
such  leakage  would  be  objectionable. 

34.  Allowances  for  Uneven  Settlements. — Buildings  founded  on  sand,  clay,  or  other  mate- 
rial liable  to  compress  under  the  weight  of  the  building,  should  be  designed  so  as  to  have  fairly 
uniform  loads  per  square  foot  on  the  foundations,  otherwise  one  part  of  the  building  will  settle 
more  than  the  other  parts.  A  low  or  hght  building  attached  to  a  high  or  heavy  or  old  building, 
should  have  an  open  joint,  not  necessarily  exposed  to  view,  so  that  if  the  heavier  building  settles 
it  would  not  make  an  unsightly  crack  between  it  and  its  addition.  Lack  of  this  precaution 
resulted  in  a  fine  church  breaking  away  from  a  one  story  extension  although  the  load  was  not 
over  %  ton  per  sq.  ft.  on  the  foundation  of  either. 

In  Chicago  many  high  buildings  were  built  on  spread  footings  on  the  clay,  which  were  sometimes  carried  a 

considerable  distance  from  the  surface  by  means  of  vertical  shafts  or  open  cofferdams.  Great  care  was  exercised 
to  design  these  foundations  so  that  each  footing  under  the  building  would  have  the  same  load  per  square  foot  on 
the  clay.  But  in  spite  of  all  precautions  the  settlements  have  not  been  uniform,  varying  from  2  to  4  ft.  On 
account  of  the  trouble  which  resulted,  the  more  recent  buildings  have  been  or  are  being  carried  to  bed  rock. 

The  sinking  of  the  buildings  in  Chicago  started  long  before  the  day  of  subways,  so  the  trouble  is  liable  to  get 
worse  instead  of  better.  The  tunnel  construction  will  undoubtedly  continue  in  Chicago  and  all  other  large  cities 
and  every  deep  cellar  or  excavation  must  more  or  less  affect  the  ground  water  conditions  with  disastrous  results. 

After  having  tried  so  unsuccessfully  the  founding  of  buildings  of  18  and  more  stories  in  height  on  clay  in 
Chicago,  the  plan  of  driving  pile  foundations  or  better  still,  carrying  the  foundations  to  hardpan  or  bed  rock  wrs 
adopted  for  the  higher  buildings,  and  of  limiting  the  height  of  the  buildings  on  the  clay  foundations  to  6  or  8  stories, 
the  foundations  of  which  only  covered  about  half  of  the  area  of  the  lot  instead  of  the  whole  of  it.  When  only  a 
portion  of  the  lot  is  covered  by  foundations  in  this  material,  the  load  can  naturally  be  larger  per  square  foot  of 
surface  covered. 

35.  Foundations  as  Regards  Character  of  Structure. 

35fl.  Residences. — In  determining  what  load  can  safely  be  placed  on  the  founda- 
tions one  must  know  to  what  use  the  building  will  be  put.  For  instance,  a  country  dweUing 
would  require  very  little  spreading  of  the  foundations  assuming  an  ordinary  ceUar  or  where  the 
foundations  are  deep  enough  to  be  below  the  frost  Une.  If,  however,  the  ground  has  preAaously 
been  levelled  up  with  a  rock  fill,  on  top  of  which  more  or  less  dirt  has  been  placed,  the  rocks  may 
settle  to  a  certain  extent  due  to  soft  ground  underneath  or  to  breakage  of  the  stones  which  were 
loosely  packed,  and,  what  more  frequently  occurs,  the  rain  may  wash  the  superimposed  earth 
into  the  crevices  of  the  rock  allowing  the  residence  to  settle,  badly  cracking  the  plaster  and  wall 
paper  and  jamming  the  doors  and  windows.     This  sometimes  continues  for  many  years. 

Even  with  light  buildings,  it  is  advisable  to  see  that  the  rains  or  streams  are  not  liable 
to  draw  sand,  loam,  or  clay  from  underneath  or  to  soften  the  clay  by  wetting  it,  or  causing  it  to 
shrink  by  drying  it  out. 
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356.  Factories. — When  near  other  buildings,  in  addition  to  the  above  require- 
ments, factory  buildings  need  to  be  ensured  against  shock  or  vibrations  from  destroying  other- 
wise perfectly  safe  foundations.  For  instance,  a  building  containing  a  gas  engine,  built  on 
silty  ground  and  having  a  large  number  of  compresol  piles  under  it,  vibrated  so  badly  that  other 
buildings  700  ft.  away  moved  as  much  as  Ke  in.,  vertically  and  horizontally  with  each  motion 
of  the  engine.  These  compresol  piles  had  been  formed  by  dropping  a  pear  shaped  weight  from  a 
pile  driver  until  a  hole  3  or  4  ft.  in  diameter  had  been  made  some  12  ft.  deep.  Occasionally 
sand,  ashes,  or  clay  were  dropped  into  the  hole  and  rammed  aside  to  keep  the  water  from 
troubling.  Finallj^  the  holes  were  filled  with  concrete  and  it  was  thought  that  a  shock-proof 
foundation  had  been  obtained,  but  the  very  roughness  of  the  piles  seemed  to  assist  in  transferring 
the  shock  to  the  soft  ground.  Subsequent  borings  indicated  that  an  ordinary  cofferdam  could 
have  been  carried  about  4  ft.  farther,  where  it  would  have  reached  a  much  harder  and  more 
satisfactory  material.  The  company  had  on  its  own  ground  in  just  as  convenient  a  location, 
a  site  where  this  engine  could  have  been  built  on  hard  ground  and  at  a  less  cost.  In  fact,  the 
most  feasible  way  of  remedying  the  error  would  be  to  build  an  entirely  new  engine  house  on  the 
higher  site  and  use  the  old  building  for  other  purposes,  that  is,  for  stationary  loads  which  would 
cause  no  shock  to  be  transmitted  through  the  ground. 

35c.  Churches. — Special  pains  have  to  be  taken  with  churches  which  are  often 
very  heavy  with  high  unsupported  walls  and  long  span  roof  trusses  or  arches.  The  beautiful 
and  historic  St.  Paul's  Church,  London,  England,  has  long  been  a  source  of  worry  on  account 
of  the  settling  of  the  foundations,  aggravated  by  the  construction  of  subways  which  lowered  the 
water  level,  thereby  injuriously  affecting  the  stability  of  the  clay  sub-strata. 

35(i.  City  Buildings. — The  efforts  to  economize  on  the  foundations  for  buildings 
in  Chicago  with  the  very  unsatisfactory  results  due  to  the  continual  settlement,  both  even  and 
uneven,  have  already  been  noted  in  Art.  34.  Buildings  up  to  8  or  10  stories,  as  a  rule,  would 
hardly  seem  to  justify  foundations  of  40  to  80  ft.  or  more  in  depth,  although  there  are  a  few 
buildings  in  New  York  of  from  4  to  6  stories  in  height,  above  the  curb,  which  have  pneumatic 
caisson  foundations  carried  to  bed  rock  under  them.  In  these  cases,  however,  the  work  was  so 
designed  that  many  more  floors  could  be  added  to  the  building  later  on  without  tearing  it  down 
or  adding  to  the  foundations. 

A  very  fine  cathedral,  recently  built,  had  a  foundation  on  coarse  sand,  within  a  foot  or  so  of  the  street  level. 
The  ground  level  between  the  street  and  the  building  was  then  raised  some  3  ft.  The  towers  had  a  load  of  4  tons 
per  sq.  ft.,  while  adjacent  walls  had  only  1  ton  per  sq.  ft.  The  uneven  settlements  caused  serious  cracks  between 
the  towers  and  the  walls. 

In  large  cities,  like  New  York,  one  must  not  only  consider  the  existing  structures  in  the  neighborhood,  but  also 
those  of  the  future.  In  this  respect  many  12  to  16-story  buildings  in  New  York  were  founded  on  piles  or  on  floating 
foundations,  the  excavation  being  carried  almost  to  the  surface  of  ground  water,  with  the  result  that  excavations 
for  other  buildings  and  for  subways  have  seriously  imperiled  them  by  lowering  the  water  level. 

Wooden  piles  or  steel  shells  filled  with  concrete  will  last  indefinitely  if  kept  always  under  water,  but  will  soon 
rot  or  rust  out  if  the  water  is  withdrawn.  On  33d  St.,  New  York  City,  the  construction  of  the  Pennsylvania  R.  R. 
diverted  an  old  stream  and  left  wooden  piles  high  and  dry,  which  were  originally  30  ft.  under  water,  thus  destroy- 
ing their  value  and  making  expensive  underpinning  necessary.  Similar  results,  but  not  to  such  a  great  extent, 
have  been  noticed  in  many  parts  of  the  city.  Recently  in  lower  Broadway  where  the  material  above  the  hardpan  is 
the  so-called  New  York  quicksand,  the  water  level  suddenly  rose  9  ft.  and  then  dropped  back  10  ft.  almost  as 
suddenly.  This  high  water  caused  the  flooding  of  several  buildings  over  a  block  away.  As  this  was  the  site  of  a 
12-story  building  which  rested  on  the  very  fine  sand,  the  danger  can  readily  be  seen.  The  most  plausible  explana- 
tion is  that  the  ground  water  level,  which  used  to  be  from  6  to  9  ft.  above  the  high  tide  level,  had  been  lowered  by 
some  nearby  construction,  either  the  subways  or  deep  cellars,  and  that  a  broken  water  main  temporarily  raised 
the  water  to  its  old  level  only  to  be  quickly  drained  off  again.  Needless  to  say,  such  periodic  occurrences  must  be 
very  unsafe  to  the  buildings.  A  designer  of  foundations  should  have  a  danger  signal  running  through  his  mind — 
Water!     Water!     Look  out  for  water! 

Every  here  and  there  skyscrapers  are  erected  with  so-called  "earth  scrapers"  under  them,  which  have  from  3 
to  4  floors  below  the  water  level,  and  it  is  very  hard  indeed  to  prevent  some  seepage  into  the  cellar  drains.  Again, 
the  subways  are  in  many  cases  below  the  water  level  and  it  will  be  only  a  question  of  time  before  the  railroads  will 
want  to  tunnel  under  the  subways  to  cross  Manhattan  from  Jersey  to  Long  Island,  so  any  new  building  which  does 
not  take  into  account  the  future  changes  of  the  ground  water  level  will  probably  pay  for  the  lack  of  foresight.  It 
has  been  proposed  to  cofferdam  around  the  lower  end  of  tbe  city  and  to  pump  the  water  out,  which  would  surely 
have  very  interesting  results,  to  the  onlooker,  if  ever  attempted. 
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Similar  results  may  be  expected  in  all  large  rities  founded  on  fine  sand  with  a  high  water  level,  or  on  clay  as  in 
Chicago,  or  on  alluvial  deposits  as  in  New  Orleans. 

As  before  stated,  sand  of  various  degrees  of  fineness  or  coarseness,  wet  or  dry,  will  carry  very  considerable 
loads — say,  from  2  to  10  tons  per  sq.  ft. — the  greater  loads  being  permissible  where  the  excavation  is  carried  to 
a  considerable  depth  below  the  surface,  but  this  advantage  would  of  course  partly  disappear  if  adjoining  buildingB 
were  subsequently  built  to  the  same  depth. 

The  Municipal  Building  in  New  York  City  has  its  tower  and  south  section  founded  on  pneumatic  caissons 
which  were  carried  112  ft.  below  the  water  level  or  143  ft.  below  the  street  level  to  bed  rock.  After  the  contract 
was  let,  borings  disclosed  the  fact  that  rock  under  the  north  end  of  the  site  was  at  very  much  greater  depths  and 
therefore  unattainable  by  pneumatic  caissons;  so  it  was  decided  to  sink  caissons  through  from  40  to  50  ft.  of  sand, 
where  they  would  safely  carry  10  tons.  The  tower  and  south  wing  of  the  building  were  founded  on  bed  rock  at  the 
depths  stated  above.  Danger  of  slight  settlement  of  the  north  end  of  the  buildings,  which  would  cause  sUght  cracks, 
was  easily  taken  care  of  by  concealed  joints  in  the  masonry  between  the  two  sections. 

Sand  makes  an  excellent  foundation  provided  the  water  level  remains  the  same,  and  as  long  as  the  sand  cannot 
escape  into  adjoining  excavations.  This  contingency  is  a  very  vital  one,  for  many  sands  which  have  various 
amounts  of  clay  mixed  with  them,  will  flow  almost  as  freely  as  water.  The  sand  under  the  Municipal  Building  it 
very  coarse  and  water  flows  through  it  very  freely,  and  it  was  found  impossible  to  lower  the  water  level  by  pumping 

A  14-story  building  founded  on  quicksand  was  nearing  completion  when  the  pneumatic  caisson  foundatioDf 
on  the  adjoining  lot  caused  the  north  end  of  the  14-story  building  to  settle  4  in.,  while  the  south  end  remained 
where  it  was.     The  floors  were  all  leveled  up  and  the  subsequent  tenants  never  knew  the  difference. 

36.  Electrolysis  and  Rust. — Electrolysis  is  one  of  the  most  serious  dangers  to  foundations 
of  modern  steel  buildings  to  be  guarded  against.  The  trouble  occurs  where  the  electric  current 
enters  or  leaves  the  building  or  where  dissimilar  metals  in  the  presence  of  water  form  an  electric 
current.  An  example  of  this  was  shown  on  the  removal  of  some  old  brick  piers  with  long 
anchor  bolts.  Electrolysis  had  corroded  these  bolts  and  in  doing  so  had  cracked  the  brick  pien 
as  if  by  an  explosion. 

It  might  be  stated  that  in  many  large  cities  there  is  considerable  electric  current  in  th( 
ground,  having  escaped  from  trolleys,  subways,  and  elevated  railroads,  especially  the  latter  ir 
old  days  before  the  return  current  was  taken  care  of.  The  result  is  that  there  is  always  a  chanci 
of  the  current  escaping  from  or  entering  the  buildings,  especially  when  the  foundations  are  unde 
water. 

The  simplest  manner  of  taking  care  of  this  is  to  have  wires  attached  to  each  column  an( 
_" grounded"  where  no  harm  can  be  done,  and  making  sure  that  the  ground  water  can  not  read 
the  columns  or  their  bases.  This  precaution  against  electrolysis  has  unfortunately  seldom  beei 
taken. 

The  writer  has  seen  steel  girders  under  buildings  from  12  to  25  stories  high,  in  very  bad  condition  from  rusting 
The  most  inexcusable  case  was  where  24-in.  I-beams  and  4-ft.  plate  girders  carrying  a  high  building  were  buried  ii 
the  earth  without  any  concrete  around  them.  Needless  to  say,  there  was  no  paint  left  on  the  steel,  and  the  rustinj 
was  making  rapid  progress  when  discovered,  which  was  just  in  time  to  save  the  building  by  embedding  the  beam 
and  girders  in  concrete. 

When  wrecking  the  17-story  Gillender  Building,  on  the  corner  of  Wall  and  Nassau  iStreets,  14  yr.  after  it 
erection,  it  was  noticed  that  wtierever  the  concrete  was  in  direct  contact  with  the  steel  no  rusting  had  commenced 
but  that  wherever  there  was  the  slightest  space  between  the  steel  and  concrete,  rusting  had  started  and  in  som 
places  made  rapid  progress.  This  applied  to  the  steel  columns,  girders,  and  foundations.  Base  plates  and  shin 
plates  showed  much  rust.  The  columns  rested  on  heavy  plate  girders  which  had  been  painted,  covered  with  ta 
and  embedded  in  concrete.  These  girders  showed  not  the  slightest  sign  of  rust.  Underneath  the  girders  wer 
12-in.  I-beams  which  had  been  painted  and  buried  in  concrete  and  were  also  in  perfect  state  of  preservation. 

Under  the  adjoining  buildings  were  some  14-in.  diameter  underpinning  cylinders  or  pipes  which  had  bcei 
driven  to  hardpan  and  filled  with  concrete.  These  steel  pipes  had  of  course  nothing  on  the  outside  of  them — no 
even  paint — but  were  entirely  under  the  water  line,  in  the  sand,  and  were  found  to  be  in  a  perfect  state  of  preserva 
fion.  This  would  seem  to  indicate  that  New  York  quicksand  will  preserve  steel  from  rusting  if  it  is  not  disturbed 
mixed  up  with  chemical  impurities,  or  subject  to  electric  currents.  It  might  be  remarked  here  that  the  concret 
only  extended  to  within  about  2  ft.  of  the  bottom  of  the  14-in.  underpinning  pipes  or  cyUnders  which  had  beei 
jacked  down  under  the  buildings,  and  that  the  writer  has  never  seen  a  case  yet  where  it  was  possible  to  get  all  th< 
sand  out  of  the  pipes.  In  some  cases,  more  or  less  gravel  remained  in  the  pipes.  This  means  that  the  foundatioi 
of  the  pipes  has  all  the  bearing  on  the  steel  shell,  and  that  if  the  friction  on  the  shell  is  reduced,  the  pipe  will  cui 
into  the  hardpan  or  sand  and  cause  some  settlement.     This  has  happened  a  number  of  times. 

37.  Foundations  Partly  on  Rock. — Sometimes  it  is  necessary  but  never  desirable  to  have 
part  of  the  foundations  on  bed  rock  and  part  on  sand,  clay,  or  mud.  Whenever  this  is  the 
case,  the  building  sliould  be  so  designed  tliat  settlement  in  the  softer  material  will  not  crack 
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walls,  plaster,  paper,  etc.     In  many  cases  the  bulk  of  the  settlement  will  occur  during  construc- 
tion, and  the  balance  can  be  taken  up  by  the  blind  joints  in  the  walls,  etc. 

If  the  building  is  to  be  subject  to  vibration  from  machinery,  etc.,  serious  trouble  will  result,  unless  separate 
foundations  either  entirely  on  or  entirely  off  the  rock  can  be  secured  for  the  machinery.  Some  years  ago  a  building 
was  erected  facing  an  elevated  railroad,  with  the  front  of  the  building  on  sand  and  the  rear  on  ledge.  The  owner 
sued  the  elevated  for  damage  to  his  building.  It  is  doubtful  if  he  could  have  recovered  damage  even  if  his  house 
had  been  built  first  instead  of  after  the  railroad,  as  was  the  case. 

38.  Teredo. — Any  structure  with  a  foundation  resting  on  wood  in  salt  water  must  be  pro- 
tected from  the  teredo  and  limnoria.  Both  of  these  borers  have  cut  off  piles  45  ft.  under  water, 
in  Fall  River,  Mass.,  although  the  piles  were  only  150  ft.  from  a  small  sewer.  Two  years  after 
erection,  these  piles  had  been  completely  eaten  through  allowing  the  bridge  pier  to  drop  2  ft. 
over  night.  It  will  be  noted  that  these  animals  started  work  45  ft.  below  the  water  although 
they  are  only  supposed  to  start  between  high  and  low  tide.  At  present,  the  harbors  of  such 
cities  as  New  York  and  Philadelphia  are  too  polluted  with  sewage  to  permit  teredo  or  limnoria  to 
Hve,  but  some  day  the  sewage  will  be  diverted  and  used  as  fertilizer,  and  then  the  damage  will 
begin.  The  teredo  and  limnoria  are  found  in  many  places  on  Long  Island  Sound  as  well  as  on 
the  coast.  Recently  isolated  teredo  have  been  found  in  the  polluted  waters  of  New  York 
harbor,  and  some  day  they  may  even  thrive  there.  Marine  borers  have  already  been  found 
which  can  penetrate  concrete,  on  both  the  Atlantic  and  the  Pacific  coasts. 

39.  Eccentric  Loading. — When  heavy  walls  have  been  built  on  the  property  lines  it  has  been 
the  custom  to  spread  the  base  on  the  inside  of  the  building  only,  thus  having  a  much  greater 
load  on  the  outside  of  the  base  than  on  the  inside.  The  only  defense  for  such  design  is  that  it 
has  been  much  used.  It  would  be  very  much  better  to  carry  the  foundation  deeper  and  use 
high  unit  loads,  or  to  use  piles  or  caissons. 

One  disadvantage  of  eccentric  loading  of  this  kind  developed  when  it  was  necessary  to  underpin  with  3-ft. 
diameter  cylinders,  old  walls  having  a  base  of  10  to  12  ft.  in  width.  The  cylinders  were,  of  course,  placed  directly 
under  the  wall  or  the  outside  of  the  base,  leaving  7  to  9  ft.  of  the  base  overhanging  the  underpinning  cylinders. 
Another  disadvantage  is  that  these  eccentric  bases  take  up  an  enormous  amount  of  cellar  room.  It  would  often 
be  cheaper  to  get  deeper  and  better  foundations  even  without  allowing  anything  for  the  rental  value  of  the  space 
saved  or  lost. 

40.  Cantilever  Construction. — Eccentric  or  wide  footings  with  the  walls  carried  on  one  side 
making  the  pressure  so  much  greater  on  the  outside  of  the  footing  than  on  the  inside,  are  obvi- 
ously incorrect  in  principle  and  unsafe  on  soft  grounds.  A  much  better  arrangement  is  a  system 
of  cantilevers.  This  simply  means  placing  a  cantilever  from  the  outer  column  base  to  one  of  the 
interior  bases  so  that  the  cantilever  girders  or  beams  will  have  a  bearing  on  the  center  of  both 
bases,  be  they  spread  footings,  cofferdams  filled  with  concrete,  caissons,  or  piles. 

The  cantilever  will  thus  support  the  outer  column  with  a  short  leverage  arm,  usually  not 
over  a  few  feet,  and  as  the  inner  arm  of  the  cantilever  will  be  held  down  by  the  interior  column, 
the  anchor  arm  leverage  is  generally  from  5  to  10  times  the  overhanding  leverage,  so  the  plan 
is  simple  and  safe  as  long  as  the  girders  or  beams  are  protected  from  rust  and  electrolysis. 

On  soft  ground,  exactness  is  required  in  this  design,  but  in  some  cases  where  the  concrete  caissons  form  a 
continuous  wall  around  the  lot,  and  are  carried  to  bed  rock  or  good  hardpan,  the  cantilever  girders  might  be  con- 
siderably cut  down  on  the  assiamption  (1)  that  the  concrete  caisson  would  distribute  much  of  the  weight  over  the 
base  many  feet  below  the  column;  and  (2)  that  the  strength  of  the  concrete  caisson  is  really  so  much  greater  than 
assumed,  that  it  would  safely  carry  the  load  without  overturning  or  crushing. 

When  the  foundation  rests  on  clay  or  sand,  it  is  often  customary  to  use  combined  footings 
(see  Art.  50). 

41.  Bearing  Pressure,  Gross  and  Net. — When  the  foundations  are  comparatively  near  the 
surface  of  the  ground,  the  total  or  gross  pressure  only  need  be  considered;  but  in  some  cases  of 
very  expensive  foundations^  it  is  customary  to  allow  for  the  surrounding  earth,  or  water,  or 
earth  and  water  pressure  combined,  to  deduct  this  from  the  gross  pressure,  and  call  the  result 
the  net  pressure.  For  instance,  if  the  excavation  has  been  carried  to  a  considerable  depth,  the 
probabilities  are  that  the  material  founded  on  would  not  be  compressed  and  could  not  be 
squeezed  out  without  lifting  the  surrounding  material.     If  the  depth  were  100  ft.  and  the  mate- 
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rial  water,  the  amount  to  be  deducted  would  be  6200  lb.,  or  say,  3  tons  per  sq.  ft. 
and  water,  the  amounts  to  be  deducted  might  be  50%  more  than  this. 
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If  in  earth 


Some  consider  deducting  for  the  friction  of  the  earth  on  the  side  of  the  pier  but  this  is  too  uncertain  an  item 
to  be  relied  upon,  and  excavation  on  adjoining  property  might  reduce  this  friction  to  almost  nothing.  Frictioi 
on  the  sides  of  caissons  has  been  accurately  calculated  and  varied  on  one  job  from  30  to  650  lb.  per  sq.  ft.  of  surface 

42.  Wooden  Pile  Foundations. — Wooden  piles  have,  up  to  this  date,  been  used  much  more 
than  other  kinds  of  piles,  and  vary  all  the  way  from  a  3-f t.  block  to  a  90-f t.  pole.  In  some  cases, 
a  hole  is  dug  2  or  3  ft.  deep  and  a  pile  is  placed  in  the  hole  with  its  big  end  down.  But  it  seems 
foolish,  in  such  a  case,  not  to  enlarge  the  hole  so  that  a  mud  sill  can  be  put  under  the  pile,  which 
is,  in  this  case,  really  a  post.  Failure  to  use  such  mud  sills  has  resulted  in  a  bad  collap.se  in 
many  places. 

Probably  the  .shortest  driven  piles,  for  an  important  building,  were  those  under  the  Campanile  in  Italy.  Thes< 
were  only  about  .3  ft.  long  and  were  used  to  compress  the  soil.  As  subsequently  proved,  longer  piles  there  woulc 
have  broken  through  into  the  water-bearing  soil  and  caused  much  damage. 

42a.  Frictional  Resistance. — Wooden  piles  generally  depend  on  the  frictiona^ 
resistance  of  the  ground  since  a  pile  would  not  have  very  much  strength  as  a  long  column,  ever 
if  resting  on  rock.  Piles  are  simply  long  straight  trees  driven,  of  course,  with  the  small  enc 
down  and  the  small  end  is  often  not  more  than  4  or  5  in.  in  diameter. 

The  frictional  resistance  of  a  pile  varies  very  greatly  according  to  the  material  driver 
through  and  the  quality  of  the  timber  itself.  The  only  safe  proceeding  in  a  strange  locality  is 
to  drive  a  few  piles  and  put  a  test  load  on  them. 

If  water  is  withdrawn  from  piles,  the  frictional  resistance  is  apt  to  be  destroyed. 

426.  Safe  Load. — The  Building  Laws  of  most  cities  specify  that  the  maximun 
load  allowed  on  a  wooden  pile  shall  be  20  tons  (New  York  City  and  others)  while  a  few  allow 
25  tons  or  even  a  little  more. 
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Fio.   31. — Piles,  sliowiug  result  of  loo  much  driving. 


Fio.  32. — Piles,  showing  result  of  too  much  dri-v'ing. 


All  books  on  pile  driving  give  a  drop  hammer  test  for  ascertaining  the  safe  load  to  allow  on 
piles,  and  the  favorite  formulas  are  those  of  WelUngton,  former  Editor-in-Chief  of  the  Eng. 
News.     They  are: 

2Wh 
For  a  pile  driven  with  a  drop  hammer,  P  = 


s  H-1 


For  a  pile  driven  with  a  steam  hammer.  P  =  — 


2Wh 


s  +  0.1 

in  which  P  is  the  safe  load  in  pounds,  W  the  weight  of  hammer  in  pounds,  h  the  fall  of  hammer  in 
feet,  and  s  the  penetration  or  sinking  in  inches  under  the  last  blow,  on  sound  wood. 

Judgment  must  be  exercised  in  using  this  method  of  determination,  for  more  piles  have  been  destroyed  by 
Over  driving  than  by  any  other  cause.      Over  and  over  again,  when  a  contractor  knows  perfectly  well  that   the 
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)enetration  of  a  pile  has  been  sufficient,  he  has  been  told  by  some  young  well  meaning  inspector  who  is  makins 
ise  of  one  of  the  above  formulas,  that  he  must  keep  on  driving,  when  all  of  a  sudden,  a  few  blows  of  a  hammer 
ends  the  pile  down  anywhere  from  3  to  8  ft.  Then  the  inspector  joyfully  exclaims,  "There,  you  were  on  a  thin 
hell  which  you  have  broken  through;  now  keep  on  driving  until  you  reach  a  hard  bottom."  But  what  has  really 
lappened  is  that  the  pile  has  been  broken,  split,  or  bushed,  often  in  such  a  way  as  to  make  it  absolutely  useless  as  a 
)ile  (see  Figs.  31  and  32).  Some  piles  which  were  so  butchered  in  Back  Bay,  Boston,  and  afterwards  removed 
md  photographed  looked  more  like  a  lot  of  hemp  than  pieces  of  timber. 

The  Eng.  News,  Jan.  14,  1909,  has  an  illustrated  article  of  some  piles  in  Columbus,  Ohio,  which  were  after- 
vard  removed  showing  that  38  7o  of  the  piles  (oak)  had  been  destroyed  by  the  driving— some  telescoped,  some 
;plit,  some  broken,  and  some  bushed,  while  many  had  no  bearing  value  left. 

The  proper  place  for  piles  is  in  soft  ground,  sand  or  clay,  for  in  hard  ground  or  gravel,  etc.,  a  spread  footing  of 
concrete  would  probably  be  better.  When  used  in  soft  ground,  the  pile  should  be  driven  until  the  frictional  re- 
listance  is  sufficient  to  hold,  say  20  tons,  or  until  a  harder  strata  has  been  reached.  The  depth  of  the  harder  strata 
;hould  be  determined  by  borings  and  tests. 

If  the  borings  indicate  a  great  depth  of  silt  or  other  soft  material,  then  a  cluster  of  four  or  more  piles  should  be 
Iriven,  capped,  allowed  to  stand  for  a  week  or  so,  and  then  tested.  For  instance,  at  Perth  Amboy,  90-ft.  piles 
,vere  driven  (the  steam  hammer  followed  the  pile  30  ft.  under  water)  in  6  min.,  without  reaching  any  harder  ma- 
.erial.  Then  a  test  load  of  160  tons  was  placed  on  four  of  these  piles  (40  tons  on  each)  which  had  been  properly 
apped,  but  no  settlement  occurred. 

In  cases  where  hardpan  or  other  impenetrable  strata  exists  within  driving  distance,  a  water-jet  pipe  should  be 
)Ut  down  for  each  pile,  so  that  the  length  to  be  driven  will  be  known  before  starting. 

42c.  Spacing  of  Piles.— The  best  spacing  for  wooden  piles  under  buildings  is 
3  ft.,  center  to  center.  This  does  not  apply  to  bents  for  railroad  trestles  where  the  spacing  is 
asually  greater.  To  put  piles  much  closer  than  this  is  to  destroy  the  frictional  resistance  and 
sometimes  to  disturb  the  ground  to  such  an  extent  that  piles,  previously  driven,  are  forced  up. 

Close  spacing  was  adopted  under  the  Park  Row  Building,  New  York,  with  the  result  that  it  was  found  im- 
possible, w-ith  the  hammer,  etc.,  used,  to  drive  the  piles  as  far  as  expected  and  10  or  15  ft.  or  more  were  cut  off 
the  top  of  many  of  the  piles,  which  were  none  too  long  to  start  with.  And,  in  addition,  some  groups  of  piles  were 
noticeably  out  of  plumb. 

In  another  case,  the  owner  and  contractor  were  so  sure  that  the  piles  under  their  building  were  driven  to  hard- 
pan  that  they  were  quite  confident  of  the  safety  of  their  building,  but  the  first  caissons  on  the  adjoining  lot  dis- 
closed the  fact  that  the  piles  were  not  only  not  plumb,  but  were  also  riot  within  15  ft.  of  the  hardpan.  The  owner 
of  the  old  building  paid  many  thousands  of  dollars  to  have  his  structure  underpinned  safely. 

42d.  Cutting  off  Piles. — Wood,  when  wholly  under  water,  has  remained  per- 
fectly sound  for  centuries,  but  if  wet  and  dry  alternately,  will  soon  be  destroyed.  Consequently 
piles  should  be  cut  off  so  that  they  will  always  be  under  water.  If  wood  caps  are  used,  the  caps 
also  should  be  permanently  under  water. 

The  difficulty  is  to  ascertain  the  lowest  probable  elevation  of  water.  For  instance,  in  New  York  City  in  many 
places  the  ground  water  stands  from  6  to  9  ft.  above  high  tide.  New  excavations  are  apt  to  lower  and  have  lowered 
this  level,  at  least  temporarily,  even  below  the  high  tide  level.  (Since  the  above  was  written,  the  ground  water 
level  has  been  found  to  be  2  ft.  below  the  high  tide  level.)  In  one  case,  the  piles  were  driven  in  the  bed  of  an 
old  creek,  still  running  under  ground,  and  a  tunnel  permanently  lowered  the  water  level  34  ft.  A  great  many 
similar  cases  could  be  cited. 

42e.  Capping  Piles. — In  early  days,  the  ordinary  cap  for  a  pile  was  of  wood  or 
stone.  Now,  however,  wherever  concrete  can  be  readily  made,  it  is  by  far  the  best  material  for 
apping  wood  or  concrete  piles.  It  is  stronger,  does  not  rust  out,  and  if  necessary,  can  be 
strengthened  by  reinforcing  with  steel.     It  is  also  a  protection  against  the  teredo  and  limnoria. 

42/.  Kind  of  Wood  for  Piles. — The  kind  of  wood  used  for  piles  will  generally  be 
determined  by  what  is  most  easily  obtained  and  by  the  cost.  Pine,  hemlock,  spruce,  and  many 
soft  woods  make  admirable  piles.  Cedar,  hickory,  oak,  etc.,  are,  of  course,  much  tougher  and 
more  durable,  and  therefore  desirable  when  they  can  be  obtained  of  proper  lengths  and  at 
reasonable  cost. 

42g.  Size  of  Piles.— The  size  of  piles  depends  entirely  on  the  character  of  the 
structure,  material  at  hand,  etc.  The  most  common  requirement  for  building  purposes  is  given 
by  the  New  York  Building  Laws,  which  specify  that  the  diameter  at  the  point  shall  be  not  less 
than  6  in.  and  at  the  butt  10  in.  for  piles  not  over  25  ft.  long,  and  12-in.  diameter  at  the  butt 
for  piles  over  this  length. 
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42/i.  Water  Jet. — In  some  soils,  like  New  York  quicksand,  it  is  a  great  advan- 
tage to  water  jet  the  site  of  each  pile  and  even  to  work  a  jet  pipe  (ordinary  gas  pipe  through 
which  water  is  forced  under  pressure)  up  and  down  as  the  pile  is  being  driven.  In  such  a  soil, 
the  driving  is  greatly  facilitated,  and  the  disturbance  to  the  adjoining  soil  much  reduced. 
While  the  pile  is  thus  easily  forced  down,  the  material  flows  back  and  binds  or  sticks  to  the  wood, 
increasing  the  frictional  resistance  enormously.  In  solids  where,  on  the  contrary,  the  water 
jet  would  merely  make  a  hole  which  would  not  fill  itself  up  again,  the  jetting  would  not  be 
desirable. 

42i.  Advantages  of  Wood  Piles. — Wood  for  permanent  piles  should  be  used  only 
where  it  will  always  be  under  water,  in  which  condition  it  will  practically  last  forever,  and  if 
properly  designed  and  driven,  will  afford  an  absolutely  safe  foundation.  But  as  wooden  piles 
should  and  do  depend  mainly  on  the  frictional  resistance  of  the  ground,  any  withdrawal  of  the 
ground  water  will  not  only  cause  the  wood  to  rot,  but  would  also  remove  the  greater  part  of  its 
sustaining  capacity. 

One  very  important  advantage  wood  has  over  steel  or  concrete  for  piles  is  "safety  in  num- 
bers"-— that  is,  as  a  wooden  pile  is  supposed  to  carry  only  about  20  tons,  which  is  the  proper 
working  limit,  a  number  of  piles  are  used  for  each  support,  so  if  one  pile  of  the  group  is  out  of 
plumb,  or  broken,  or  bushed,  the  foundation  will  still  be  safe;  whereas,  if  only  two  or  three  piles 
of  the  stronger  materials  are  used,  a  defect  in  one  or  two  of  them  would  jeopardize  the  safety 
of  the  structure. 

Wooden  piles,  at  present  at  least,  in  most  places,  are  cheaper  than  concrete  or  steel  piles, 
although  concrete  is  usually  cheaper  than  the  same  volume  of  wood. 

43.  Concrete-pile  Foundations. — Concrete  piles  may  be  divided  roughly  into  two  classes — 
"pre-cast"  and  "made  in  place" — and  they  may  be  reinforced  or  not,  though  pre-cast  piles 
always  should  be  and  probably  always  are. 

The  advantages  of  concrete  piles  are  their  great  strength  and  durability.  They  are  practi- 
cally free  from  danger  of  deterioration  if  wholly  in  the  ground  and  cannot  be  attacked  by  the 
teredo  or  other  borers. 

If  used  in  harbors  and  extended  above  the  low  water  lines,  the  chief  trouble  is  weathering 
from  frost,  chemical  action,  etc.  The  trouble  from  chemical  reaction  increases  as  the  climate 
becomes  warmer — that  is,  in  tropical  chmates.  Freezing  is  much  more  apt  to  destroy  piles 
which  have  less  cement  than  one  part  cement  to  two  parts  of  sand,  which  proportion  is  required 
to  ensure  the  voids  of  the  sand  being  filled  with  cement. 

One  disadvantage  of  these  piles  is  the  practice  of  allowing  very  much  greater  loads  on  concrete  than  on  wood, 
thereby  reducing  the  number  of  piles  used.  For  instance,  a  good  structural  steel  designer  knows  that  two  rivets  do 
not  make  an  ideal  joint  for  there  always  ought  to  be  at  least  two  bolts  to  hold  the  shapes  together,  while  a  rivet  is 
being  driven  in  the  third  hole.  Similarly,  the  writer  does  not  consider  that  two  piles  will  ever  be  a  good  design  for 
column  footing,  for  in  this  case,  if  one  pile  is  out  of  plumb  (and  it  is  hard  matter  indeed  to  drive  piles  plumb  or  to 
detect  a  deflection),  then  a  very  unsafe  condition  may  exist  without  being  even  suspected;  whereas,  with  a  large 
number  of  piles  in  the  unit,  if  a  few  were  out  of  plumb  and  in  different  directions,  they  would  simply  act  as  batter 
Ijiles  and  strengthen  the  foundation  unless,  as  unfortunately  sometimes  occurs,  they  all  assume  the  same  batter  in 
the  same  direction. 

Another  disadvantage  of  concrete  and  steel  piles  is  that  the  smooth  surfaces  do  not  afford  the  same  frictional 
resistances  as  wood,  and  more  reliance  is  placed  on  their  value  as  long  or  short  columns,  so  they  would  have  to  be 
fairly  long  to  obtain  enough  frictional  resistance  to  develop  the  full  strength  of  the  reinforced  concrete. 

To  act  as  columns,  piles  should  have  a  fair  bearing  on  the  bottom,  and  as  they  are  usually  made  flat  instead  of 
pointed,  this  means  that  if  a  pile  is  driven  to  hardpan  or  gravel  and  boulders,  etc.,  it  would  very  likely  strike  a  boul- 
der on  one  side.  This  might  result  in  breaking  off  one  or  more  corners  of  the  pile,  or  in  deflecting  the  pile  itself,  in 
which  case,  it  might  even  break  the  pile,  as  has  frequently  happened  with  wooden  piles.  With  only  two  or  three 
piles  under  a  column  and  one  or  two  of  them  battered  or  resting  partly  on  a  boulder,  the  frictional  resistance  might 
be  sufficient  to  hold  the  building  until  some  adjoining  excavation  withdrew  the  water,  thereby  removing  the  adhe- 
sion of  the  soil  to  the  pile  with  a  resulting  settlement  of  the  building.  These  are  not  imaginary  conditions  but  those 
that  have  been  known  to  occur  over  and  over  again  with  wooden  piles. 

It  might  be  noted  here  that  boulders  in  New  York  hardpan  are  sometimes  as  much  as  7  ft.  thick  so  they  could 
not  be  displaced  by  the  driving  of  the  pile  or  pipe. 

43a.  Pre-cast  Piles. — Pre-cast  piles  are  reinforced  with  steel  rods  and  are  of  rich 
concrete  and  are  then  driven  like  wooden  piles.     The  New  York  Building  Laws  stipulate  that 
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'the  pile  shall  be  not  less  than  8  in.  at  the  bottom  and  not  average  less  than  12  in.  in  thickness; 
shall  not  contain  more  than  4%  of  steel  reinforcement;  that  the  length  shall  not  exceed  20  times 
the  average  thickness,  if  driven  to  rock,  nor  40  times  if  not  driven  to  rock." 

"When  driven  to  rock  the  allowable  load  shall  not  exceed  500  lb.  per  sq.  in.  of  concrete  per 
average  cross  section,  and  6000  lb.  per  sq.  in.  on  the  steel  longitudinal  reinforcement.  When 
aot  driven  to  rock,  the  carrying  capacity  is  to  be  determined  by  test." 

The  New  York  Building  Laws  also  require  that  if  a  pile  is  to  be  driven  to  rock,  it  shall  have  an  iron  shoe  If 
the  iron  shoe  has  a  flat  bottom  8  in.  wide,  then  the  probabilities  are  that  only  one  point  would  bear  on  the  rock  as 
bed  rock  cannot  be  assumed  to  be  level.  If,  on  the  other  hand,  it  has  a  pointed  shoe,  there  would  be  danger  of  the 
3hoe  hitting  a  rock  or  boulder  and  deflecting  the  pile.  ,  .    . 

One  of  the  advantages  of  a  pre-cast  concrete  pile  is  that  it  can  be  made  of  uniformly  varied  cross  section  as 
required,  while  a  wooden  pile  cannot  often  be  found  so. 

In  the  navy  supply  warehouse  in  Brooklyn,  which  consists  of  vast  reinforced  concrete  buildmgs  rostmg  on  hne 
concrete  piles,  no  borings  were  made  to  ascertain  the  nature  of  the  subsoil  before  driving  the  piles,  with  the  result 
that  the  buildings  settled  some  15  in.,  requiring  the  underpinning  of  the  new  reinforced  concrete  building. 

436.  Piles  Built  in  Plsice— Raymond  Pile.— The  Raymond  pile  is  formed  by 
driving  a  steel  shell  into  the  ground  on  a  mandrel  that  can  be  collapsed  and  withdrawn.  Then 
the  hole  is  filled  with  concrete— reinforced,  or  not,  as  desired.  The  permanent  steel  shell  used 
outside  of  the  mandrel  has  the  great  advantage  of  preventing  any  sand  from  flowing  in  as  the 
mandrel  is  withdrawn.  . 

The  Simplex  Pile.— The  Simplex  pile  is  made  by  driving  down  a  closed  steel  pipe  and  with- 
drawing it  while  concrete  is  forced  out  at  the  bottom. 

Pedestal  Piles— Pedestal  piles  are  supposed  to  have  a  spread  footing  obtained  by  driving 
the  concrete  out  at  the  bottom  of  the  shaft,  at  the  same  time  compressing  the  surrounding  soil. 

Chenoweth  Pile— A  Chenoweth  pile  is  made  by  spreading  mortar  over  a  wire  mesh  and  then 
rolUng  the  wet  mass  into  the  shape  of  a  pile  which,  after  setting,  is  placed  in  an  ordinary  pile 

driver.  .       •   ,      ,. 

Breuchaud  Pile.— The  Breuchaud  pile  consists  of  driving  an  open  steel  pipe  into  the 
ground,  washing  out  the  same  or  blowing  it  out  by  air  pressure,  and  then  filUng  the  pipe  with 
concrete.  If  the  steel  is  always  under  water,  it  will  never  rust  out  and  the  pipe  can  be  filled 
with  good  concrete  almost  to  the  bottom. 

Compresol  Pile.— A  compresol  pile  is  formed  by  making  a  hole  in  the  ground  with  a  pear 
shaped  weight  operated  by  a  pile  driver,  and  tamping  concrete  in  the  hole. 

44.  Sand-pile  Foundations.— Sand  piles  are  hardly  to  be  recommended,  as  a  more  reliable 
foundation  can  nearly  always  be  obtained.  They  simply  consist  of  making  holes  in  the  ground 
by  means  of  a  wooden  pile  or  some  other  method,  and  then  ramming  sand  into  the  hole.  The 
French  probably  originated  this  method  and  found  it  desirable  before  the  days  of  good  cheap 
Portland  cement  concrete. 

45.  Excavating.— When  making  excavations  for  foundations  above  the  water  hne,  the 
amount  of  bracing  required  will  depend  entirely  on  the  judgment  of  the  man  in  charge.  The 
older  or  more  experienced  men  are  apt  to  use  the  heavier  bracing. 

In  a  rush  job  in  Brooklyn,  once  the  writer  saw  a  contractor  dig  holes  5  or  6  ft.  square,  some  12  to  15  ft.  deep, 
almost  plumb  sides,  without  any  timbering  or  shoring  of  any  kind;  but  while  it  was  in  good  stiff  ground  (clay,  sand, 
and  boulders)  it  was  taking  a  big  risk  for  the  slightest  slide  would  have  killed  the  men  in  the  bottom  of  the  shaft. 

In  a  few  cases,  it  might  pay  to  excavate  to  depths  of,  say  5  or  6  ft.,  by  sloping  the  sides  and  then  back  falling 
instead  of  timbering.     As  a  rule,  however,  if  the  ground  is  at  all  soft,  it  will  pay  to  timber  the  sides. 

45a.  Wooden  Sheet-piling.— The  old  method  was  to  set  1  or  2-in.  planks,  and 
as  the  men  excavated,  to  drive  these  planks  into  the  ground,  holding  them  in  place  with  rec- 
tangular bracing.  These  planks  were  usually  6  to  8  ft.  long,  and  when  they  had  been  driven 
a  fresh  set  was  started  inside  (about  6  or  8  in.,  according  to  the  size  of  the  bracing  timbers)  and 
so  on  down,  the  hole  not  only  getting  smaller  and  smaller  as  each,  tier  of  plank  was  driven,  but 
also  very  often  being  forced  out  of  Une.  This  was  generally  a  haphazard  n^ethod  and  often  it 
was  not  known  how  far  the  excavation  was  to  be  carried  when  it  started. 
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Nowadays,  the  best  practice  is  to  ascertain,  by  borings,  etc.,  just  how  far  the  sheeting  is 
to  be  driven  and  then  driving  it  in  one  length,  properly  braced.  The  thickness  of  this  sheeting 
will  depend  entirely  on  the  nature  of  the  ground  and  the  depth  required.  For  holes  up  to  10 
ft.,  from  2  to  3-in.  plank  will  usually  be  sufficient;  with  from  6  to  8-in.  plank,  up  to  about  20  ft. 

In  the  Harlem  River  tunnel,  three  12  X  12-in.  timbers  were  bolted  together  with  a  tongue  on  one  of  the  outside 
timbers  made  of  a  3  X  4-in.  timber  and  a  corresponding  groove  on  the  other  outside  12  X  12  made  of  two  .3  X  4-in. 
timbers;  each  pile  being  12  X  36  in.  by  about  40  ft.  long.  On  account  of  the  bolting,  the  pile  driver  was  able  to 
force  3  ft.  of  horizontal  sheet  piling  down  at  a  time.  These  were  driven  about  40  ft.  under  the  water  and,  after 
the  roof  of  the  tunnel  had  been  sunk  on  two  lines  of  this  sheeting,  compressed  air  was  used  to  enable  the  excavation 
to  be  completed.  This  piling  is  known  as  the  Wakefield  sheet-piling  and  is  nothing  more  than  a  built-up  tongue 
and  groove  sheeting.  The  original  Wakefield  sheeting  consisted  of  bolting  three  planks  together  in  such  a  way  that 
the  center  plank  formed  a  tongue  at  one  side  and  the  other  two  a  groove. 

In  some  cases,  12  X  12-in.  sheeting  driven  for  a  .30-ft.  excavation,  and  heavily  braced  every  8  ft.  horizontally 
and  from  3  ft.  (at  the  bottom)  to  5  ft.  (at  the  top)  vertically,  have  been  badly  distorted,  sometimes  being  shoved  in 
2  or  3  ft.,  the  bracing  timbers  cutting  into  each  other. 

Generally,  where  the  worst  damage  occurs,  the  excavated  material  is  more  or  less  plastic  and  is  dumped  right 
outside  of  the  cofferdam.  Every  bucket  of  soft  material  dumped  seems  to  act  like  a  hydraulic  ram  with  accumula- 
tive action,  until  no  amount  of  bracing  will  stand  the  strain.  It  always  pays  to  have  a  reasonable  excess  strength 
in  the  sheeting  and  bracing,  and  to  avoid  dumping  too  much  of  the  excavated  material  outside  of  the  cofferdam. 

The  writer  has  recently  examined  some  wooden  sheeting  which  he  drove  32  years  ago,  on  Broad  Street,  New 
York,  now  exposed  by  the  subway  construction.  It  is  in  excellent  condition  except  for  the  3  ft.  which  has  been 
rotted  away  due  to  the  lowering  of  the  water  level  10  ft. 

456.  Steel  Sheet-piling. — In  recent  years,  many  different  kinds  of  interlocking 
steel  sheet-piling  have  been  used  succes.sfully.  This  kind  of  sheeting  was  first  tried  out  in 
Chicago  by  Friestedt,  Jackson,  and  others.  It  works  to  its  best  advantage  in  soft  material, 
clay,  sand,  etc.,  where  it  can  be  assisted  by  the  water  jet,  if  necessary. 

Steel  sheeting  is  not  adapted  to  hard  ground  containing  boulders,  etc.,  unless  the  excavation 
can  precede  the  driving.  In  Brooklyn,  some  very  heavy  steel  sheeting  was  driven  for  a  dry  dock 
and,  after  a  failure,  was  abandoned  and  the  work  completed  by  pneumatic  caissons.  The  steel 
sheet-piling,  when  removed  by  the  caisson  work,  was  found  to  have  been  twisted  and  roUed  up 
until  it  would  have  been  hard  to  guess  the  original  shape. 

Sometimes,  sheet-piling  is  driven  in  double  lines  as  much  as  25  ft.  apart,  and  the  space  between  filled  with  sand, 
clay,  etc.,  to  make  a  water-tight  cofferdam.  In  this  case,  the  piling  is  driven  in  a  series  of  half  circles  tied  together, 
giving  a  strength  that  could  never  be  obtained  by  parallel  lines.  This  plan  was  adopted  by  General  Black  for  rais- 
ing the  Maine;  then  used  by  his  son  for  the  dam  in  the  Hudson  River  near  Troy.  It  was  also  used  for  the  big  docks 
in  New  York  City  at  46th  St.  and  Harlem  River.     These  cases  have  been  illustrated  in  the  Eng.  A^ews. 

45c.  Concrete  Sheet-piling. — There  are  very  many  designs  and  patents  for 
concrete  sheet-pihng,  some  fearfully  and  wonderfully  made — varying  from  plain  "tongue-and- 
groove"  sections  with  ordinary  reinforcing  to  the  most  comphcated  interlocking  devices.  The 
best,  as  always,  is  the  simplest  of  design. 

The  special  requirements  of  the  location  should  control.  If  the  driving  is  easy,  more 
concrete  and  less  steel  can  be  used;  where  hard  driving  is  anticipated,  the  reverse  would  be  the 
case.  Some  prefer  to  drive  a  shell  first  and  pour  the  concrete,  instead  of  precasting  in  forms, 
but  the  writer  considers  the  precast  piles  to  be  much  more  reUable. 

The  advantages  of  reinforced  concrete  sheeting  over  wood,  below  water,  is  freedom  from 
the  teredo  and  hmnaria  and,  above  water,  permanently  or  alternatively,  is  the  lack  of  rot, 
although  concrete  exposed  to  the  air  suffers  more  or  less  disintegration.  If  a  good  rich  concrete 
is  used,  the  reinforcement  of  the  concrete  would  not  be  subject  to  destruction  from  rust;  while 
rust  is  not  expected  below  the  permanent  water  Une,  electrolysis  might  occur  at  any  depth  in 
steel  or  reinforced  concrete.  Concrete  sheeting,  in  most  places  in  this  country,  would  cost  more 
than  wood  and  would  probably  be  used  only  where  it  is  to  be  left  in  place  permanently. 

Where  the  sheeting  is  to  be  withdrawn,  steel  sections  would  be  more  economical  than  wood 
or  concrete.  Where  the  driving  is  not  too  difficult  and  the  sheeting  is  to  be  left  in  place,  wood 
sheeting  is  probably  still  the  cheapest. 

In  all  cases,  the  depth  that  the  sheeting  is  to  be  driven  should  be  determined  in  advance  l\v 
borings. 
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45(7.  Poling  Board  Method. — In  Chicago  many  shafts  have  been  sunk  by  the 
vertical  poling  board  method — that  is,  inserting  the  lining,  timber  or  steel,  as  the  shaft  is 
excavated.     This  is  like  constructing  a  tunnel  vertically,  and  has  been  carried  as  deep  as  100  ft. 

45e.  Cofferdams. — Cofferdams  are  generally  constructed  by  driving  steel  or 
wooden  sheeting  in  advance  of  the  excavation,  or  simultaneously  with  it,  and  inserting  sufficient 
l)racing  to  keep  the  sheeting  in  place.  The  amount  of  this  bracing  is  often  seriously  underesti- 
mated, with  the  result  that  the  sides  are  bulged  in  from  2  to  5  ft.,  and  much  trouble  follows. 
Open  cofferdams  are  rarely  used  where  the  water  is  over  30  ft.  deep,  as  pneumatic  caissons 
would  generally  be  more  economical. 

A  common  construction  is  to  have  double  walls  and  pack  mixtures  of  clay,  gravel,  etc., 
between  the  walls.  But  when  a  leak  starts  under  these  walls  it  is  very  hard  to  stop.  Where 
the  current  is  not  too  strong,  much  earth  has  been  dumped  outside  the  cofferdams  in  an  endeavor 
to  stop  the  flow  of  water. 

Open  cofferdams  were  tried  in  19  ft.  of  water  where  there  was  practically  no  earth  or  mud  on  top  of  the  rock, 
but  were  abandoned  for  pneumatic  caissons  which  proved  to  be  cheaper  and  quicker.  In  other  places  where  the 
cofferdams  could  not  be  made  water-tight,  5  ft.  of  concrete  was  dumped  under  water,  and  after  the  concrete  had  set 
for  a  couple  of  weeks,  the  cofferdams  were  pumped  out,  and  the  rest  of  the  work  was  done  in  the  dry.  Unfortu- 
nately, in  many  cases  such  concrete  seems  to  set  hard  except  around  the  edges,  where  it  is  really  needed,  and  the 
cofferdams  still  leak. 

45/.  Pneumatic  Caissons. — Caisson  comes  from  the  French  word  "caisse,"  a 
box,  and  in  foundation  work  a  pneumatic  caisson  has  four  sides  (or  it  may  be  circular)  and  a 
roof,  but  no  bottom.  The  roof  has  one  or  more  holes  for  shafts,  u.sually  about  3  ft.  in  diameter, 
for  the  passage  of  men  or  material  from  the  outer  air  into  the  working  chamber.  An  air  lock 
prevents  the  air  pressure  in  the  working  chamber  from  being  seriously  reduced  while  men  or 
material  are  passing  in  or  out. 

The  air  pressure  in  the  working  chamber  is  kept  just  high  enough  to  balance  the  water 
pressure.  If  the  air  pressure  is  too  high,  it  blows  out  and  allows  the  water,  sand,  etc.,  to  rush  in, 
while  if  the  air  pressure  is  too  low,  the  water  rushes  in,  drowns  the  men,  and  probably  fills  the 
working  chamber  with  mud,  etc.  A  cubic  foot  of  water  weighs  about  62.5  lb.,  giving  a  pressure 
on  its  base  of  0.434  lb.  per  sq.  in.  If  the  water  is  10  ft.  deep,  the  air  pressure  required  will  be 
4.34  lb.  per  sq.  in.  If  100  ft.  deep,  it  will  be  43.3.  lb.  per  sq.  in.,  which  is  nearly  the  limit  of 
human  endurance. 

For  the  Municipal  Building  of  New  York  City,  the  maximum  pressure  actually  worked  in  was  49  to  50  lb.,  at 
a  depth  of  112  ft.  French  experiments  have  raised  the  pressure  in  a  specially  constructed  glass  cage  to  75  lb.  per 
sq.  in.,  keeping  the  men  who  did  no  work  under  close  personal  observation. 

The  first  very  large  caissons  built  in  this  country  were  of  massive  wooden  construction  having  wooden  decks 
10  ft.  thick.  Subsequent  designers  even  used  oak  decks  (roofs  of  caisson)  10  or  12  ft.  or  more  in  thickness.  Later 
wooden  caissons  have  been  built  with  decks  3  ft.  thick  and  finally  only  1  ft.  Complete  designs  for  the  wooden 
caisson  used  for  the  extension  of  the  Manhattan  Life  Building  were  given  in  the  Trans.  Can.  Soc.  C.  E.  vol.  XXIIL 
1909,  pp.  320-341. 

The  first  high  building  to  be  founded  on  pneumatic  caissons  was  the  Manhattan  Life  Building,  New  York  City, 
1S93.  The  caissons  were  built  of  steel  plates  and  shapes  of  a  massive  construction  about  9  ft.  high  (published  in 
the  Eng.  Rec).  The  deck  was  7  ft.  high  and  carried  the  brick  piers  which  were  built  around  the  working  shafts  as 
the  caisson  sunk.  It  was  found,  however,  that  the  friction  of  the  earth  on  the  sides  of  this  brick  masonry  was  so 
great  that  the  joints  were  forced  open,  so  the  next  advance  was  to  build  cofferdams  of  steel  from  the  caissons  up, 
and  to  fill  the  space  with  concrete. 

Steel  caissons,  round  and  rectangular,  have  been  much  used,  one  of  the  principal  buildings  being  the  Mutual 
Life,  described  in  the  Eng.  News.,  pp.  221-227,  March  28,  1901.  The  great  cost  of  the  steel  work  has  nearly  elimi- 
nated steel  caissons,  sending  designers  first  back  to  the  wood,  then  to  reinforced  concrete,  and  sometimes  back  to 
wood  again. 

As  concrete  cost  less  than  wood,  many  caissons  have  been  bmlt  without  any  wood  in  the  permanent  construc- 
tion, using  steel  rods  for  reinforcing.  At  first  it  was  thought  that  the  concrete  would  not  hold  air,  but  on  the  con- 
trary it  has  been  found  that  the  concrete  does  hold  air  much  better  than  the  wooden  caissons  and  does  not  require 
the  expensive  caulking  of  joints  nor  is  a  concrete  caisson  subject  to  fire.  A  fire  in  a  wooden  caisson,  many  feet 
under  water,  was  always  one  of  the  hardest  things  to  extinguish,  the  compressed  air  simply  feeding  it.  Even  flood- 
ing the  working  chamber  with  water  sometimes  failed  to  extingiiish  the  fire. 

When  reinforced  concrete  caissons  can  be  built  from  the  cutting  edge  to  the  top  (up  to  35  ft.  in  height  so  far) 
before  sinking  commences,  they  are  the  most  economical;  but  if  the  work  has  to  be  done  by  successive  "build 
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ups"  where  the  first  section  is  built,  pig  iron  or  other  weights  added  for  sinking,  then  the  sinking  stopped  whiL 
the  pig  iron  is  removed,  a  second  section  of  concrete  added  to  the  first,  requiring  more  pig  iron  for  sinking,  and  thi 
operation  repeated  several  times,  it  will  be  found  that  the  omission  of  all  wood  would  be  very  expensive.  A  ver; 
much  cheaper  and  quicker  job  could  be  obtained  by  having  a  light  cofferdam  of,  say,  2-in.  planks  from  the  caisson  ui 
so  that  the  penetration  of  the  caisson  would  not  have  to  stop  after  once  starting  until  a  firm  bottom  is  reached 
The  cofferdam  method,  therefore,  saves  rehandling  much  material;  saves  pumping  compressed  air  while  build 
ing  ui)  the  different  sections;  and  requires  much  less  weight  in  pig  iron  or  cast-iron  blocks  to  overcome  the  frictioi 
caused  by  the  material  settling  around  and  binding  the  caisson  during  the  long  waits,  which  waits  have  amounted  t 
from  2  to  60  days. 

Designs. — The  design  of  a  pneumatic  caisson  is  almost  entirely  a  matter  of  experience  ant 
good  judgment,  for  while  theoretically,  when  a  caisson  is  being  sunk,  the  air  pressure  in  th' 

working  chamber  is  high  enough  to  bal 
ance  the  water  pressure  on  the  outsid' 
— which  leads  some  to  think  that  ther 
is  practically  no  pressure  on  th 
chamber  walls — it  is  known  that  th 
air  pressure  is  frequently  lowered  t< 
normal,  purposely  or  accidentally,  ii 
which  event  the  water  pressure  fron 
the  full  head  would  tend  to  coUaps 
the  caisson  before  the  water  flow 
into  the  working  chamber. 

This  is  a  condition  that  is  sure  t 
occur,  and  if  the  caisson  is  trul; 
vertical,  which  it  almost  never  is,  an^ 
in  uniform  material,  such  as  sand,  th 
maximum  stress  might  be  obtained 
but  it  is  known  from  experience  tha 
it  is  very  far  from  being  the  maximun 
It  is  a  common  occurrence  for  boulder; 
hard  masses  of  clay,  etc.,  to  b 
encountered  on  one  side  of  the  caisso 
or  the  other  with  the  result  that  th 
caisson  is  thrown  out  of  plumb,  th 
effect  being  like  the  "hogging  of 
ship."  In  one  case  at  least  this  wa 
sufficient  to  break  the  walls  of  th 
working  chamber  away  from  the  dee. 
when  the  cutting  edge  was  still  20  f1 
above  hardpan.  It  was  then  fouu' 
necessary  to  continue  the  excavatioi 
like  a  vertical  shaft,  putting  in  timbe 
lining  all  the  way  down  and  leaving  the  cutting  edge  where  it  was.  The  steel  caissons  of  th 
Commercial  Cable  Building,  1896-7,  had  )  2-in-  steel  side  plates  with  heavy  angle-iron  support 
every  3}^  ft.  in  the  walls  of  the  working  chambers.     These  plates  buckled  inward  about  2  to  3  in 

In  caissons  of  from  20  to  30  ft.  horizontal  lengths,  it  is  good  practice  to  put  in  two  cross  struts  about  a  foot  o 
80  above  the  cutting  edge.  For  caissons  up  to  10  ft.  in  width,  these  struts  should  be  the  equivalent  of  a  12  X  1 
timber  with  a  1-in  square  or  round  steel  tie  rod.  In  wide  caissons,  these  struts  have  been  made  to  act  as  trusse 
with  the  roof  or  deck.  While  it  is  of  the  utmost  importance  to  prevent  a  possible  collapse  of  the  side  walls,  it  mus 
also  be  remembered  that  every  strut  put  in  the  working  chamber  greatly  adds  to  the  cost  of  the  excavation,  inter 
fering  with  the  handling  of  the  bucket,  making  digging  more  difficult,  and  frequently  making  it  necessary  to  shove 
the  material  twice  or  more  to  put  it  into  the  bucket. 

A  circular  caisson  carried  to  hardpan  in  lower  New  York,  with  concrete  4  ft.  above  the  cutting  edge  in  th 
working  chamber,  was  lifted  by  the  water  pressure  and  had  to  be  removed,  at  a  considerable  loss. 

Again,  a  large  rectangular  caisson  resting  on  rock,  at  a  depth  of  19  ft.  of  water  in  the  Susquehanna  River,  wit, 
the  6  ft    working  chamber  filled  with  concrete  and  also  concrete  above  the  deck,  was  lifted  by  an  unusually  higi 
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Fig.  33. — Sinking  pneumatic  caisson. 
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(1.   and  had  to  be  towed  away  and  destroyed.     In  that  case,  if  there  had  been  1  ft.  more  concrete  on  the  deck,  the 
I  1  .s  would  have  been  heavier  than  the  water  displaced. 

Cutting  Edges. — More  money  has  been  wasted  on  elaborate  cutting  edges  than  on  any  other 
)art  of  the  caisson.  Theoretically,  the  cutting  edge  should  be  a  knife  edge,  penetrating  the 
naterial  easily  and  permitting  the  pick  and  shovel  to  get  directly  up  to  the  outside  of  the  cutting 
dge.  This  effort  has  resulted  in  many  cutting  edges  being  designed  of  steel  plates  (vertical) 
tiffened  by  angles,  etc.  The  only  place  that  such  a  cutting  edge  will  work  is  in  soft  ground 
vhere  it  is  hardly  needed,  and  when  it  is  really  needed,  that  is,  in  hard  ground  where  the  pick  or 
rowbar  is  used,  it  will  not  answer  because  the  weight  of  the  caisson  above  is  sure  to  buckle  it  so 
mdly  that  it  will  have  to  be  removed. 

These  plate  and  angle  cutting 
;dges  are  not  only  useless  but  also 
/ery  expensive,  and  it  is  better  to  use 
6  or  8-in.  channel  iron  laid  flat  with 
;he  flanges  turned  up.  This  works 
veil  for  either  wood  or  concrete 
;aissons. 

A  6-in.  angle  iron  with  one  leg  horizontal 
md  the  other  leg  vertical  and  above  the  hori- 
;ontal  leg,  the  horizontal  leg  being  firmly 
ittached  to  the  wood  or  concrete  above  by 
>4-in.  round  bolts  every  3  ft.,  also  makes  a 
;ood  cutting  edge. 

In  most  places,  a  6-  or  S-in.  oak  or  pine 
;imber  will  be  perfectly  satisfactory,  though 
;he  steel  angle  or  channel  works  out  a  little 
aetter  with  concrete  caissons. 

The  four  corners  of  the  cutting  edges 
should  be  strongly  braced  to  avoid  danger  of 
he  caisson's  being  twisted  out  of  its  rec- 
tangular shape. 

Many  caissons — especially  when  of  wood 
Dr  steel — have  their  surfaces  badly  warped, 
tv-hich  makes  the  sinking  much  more  difficult, 
ncreasing  enormously  the  frictional  resistance 
;o  be  overcome. 

Steel  Caissons. — For    rectangular 

teel     caissons,      %-in.     side     plates 

should  be  used  with  stiffener  brack- 
ts  made  up  of  four   angles  3    X  Sji  X  H  i"-)  the  vertical  pair  being  riveted  to  the  side 

plates  and  the  other  inchned  pair  resting  on  a  6  X  6  X  %-in.  shelf  angle  which  is  riveted 
""to  the  side  plates  all  around,  the  horizontal  flange  of  the  6  X  6  X  M-in.  angle  being  12  in. 

above  the  cutting  edge,  the  vertical  leg  of  this  angle  being  below  the  horizontal  leg.  The  top 
k  af  the  inclined  angles  of  the  brackets  are  riveted  to  the  deck  about  2  ft.  or  more  from  the  side 
^  ivalls.     These  brackets  should  be  spaced  about  4  to  5  ft.  centers  depending  on  the  depth  to  be 

sunk,  material,  etc. 

For  the  circular  steel  caisson,  the  shell  should  be  from  }i  to  %  in.  thick,  unless  the  depth 

is  very  great  and  in  bad  soil.  These  caissons  should  also  have  a  bottom  shelf  angle  from  3}^  X 
^*  3J-2  X  %  in.  to  6  X  6  X  M  in.,  according  to  the  diameter  of  the  caisson.     No  brackets  are 

needed  for  a  circular  caisson  up  to  say  15  ft.  in  diameter,  but  a  3H  X  3K  X  %-m.  ring  angle 

should  be  riveted  to  the  side  plates  half  way  between  the  bottom  shelf  angle  and  the  deck. 

There  should  also  be  a  12  X  K-in.  steel  plate  riveted  to  the  bottom  of  the  side  plate  all  around. 
(I 

The  joints  of  the  side  plates  should  be  "butt  joints"  with  splice  plates.     All  rivet  heads  on  the  outside  of  the 
caisson  should  be  countersunk.     The  steel  caissons  should  be  caulked  from  the  inside  against  air  pressure,  and  from 
J  the  outside  against  water  pressure.     This  is  quite  a  difficult  thing  to  get  properly  done. 


Fig.  3t. — Pneumatic  caisson  sunk  to  bed  rock. 
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The  deck  or  roof  should  be  of  %-\n.  steel  plates  with  sufficient  I-beams  to  support  the  weight  of  the  concri 
while  it  is  setting  unless  this  weight  is  carried  by  temporary  bracing  in  the  working  chamber  as  in  the  case  of  a  ct 
Crete  caisson. 

The  cofferdam  for  a  steel  caisson  depends  entirely  on  the  size  of  the  caisson  and  especially  whether  or  not  t 
concrete  inside  of  the  cofferdam  is  kept  as  high  as  the  water  around  the  caisson:  For  caissons  in  cities,  the  concn 
is  generally  above  the  ground  line  and  even  then  much  extra  weight  in  the  shape  of  iron  blocks  or  pig  iron  are  : 
quired  to  overcome  the  friction.  Large  river  caissons,  on  the  other  hand,  are  often  so  heavy  in  comparison  wi 
the  frictional  resistance  of  the  ground  that  the  top  of  the  concrete  on  the  deck  in  the  cofferdam  is  often  20  or  30 
below  the  water  around  the  caisson,  in  which  case  the  cofferdam  must  have  very  ample  bracing. 

One  advantage  of  a  steel  caisson  is  that  it  gives  more  room  in  the  working  chamber  of  small  caissons  and  mal 
it  easier  for  the  men  to  work  under  the  cutting  edge — but  it  would  often  be  cheaper  to  use  larger  caissons  of  eitl 
wood  or  concrete. 

Wooden  and  steel  caissons  generally  have  a  flat  deck  or  roof,  6  ft.  above  the  cutting  edge. 

Caissons  of  Wood. — If  small,  wood  caissons  can  be  made  of  vertical  tongued-and-groov< 
plank,  say  4  in.  thick,  properly  braced,  as  in  the  extension  for  the  Manhattan  Life  Buildii 
referred  to  in  the  first  part  of  this  article.  For  larger  caissons — that  is,  of  over  15  ft.  in  wid 
and  of  any  length — the  writer's  practice  has  been  to  use  a  soHd  wall  of  12  X  12-in.  timbers,  la 
flat,  with  another  soUd  wall  of  12  X  12-in.  posts,  inside  of  the  horizontal  12  X  12-in.  timbe) 
with  an  outside  sheeting  of  2  or  3-in.  plank  always  placed  vertically  to  reduce  the  friction 
resistance.  The  horizontal  12  X  12-in.  timbers  usually  extend  some  14  ft.  above  the  cuttii 
edge.  Above  this  height,  the  number  of  the  12  X  12-in.  posts  decreases,  imtil  near  the  to 
there  would  be  only  one  post  every  12  or  15  ft.  to  support  the  waUng  pieces  for  the  cofferda 
plank.  The  cofferdam  planking,  2  or  3  in.  thick,  should  also  be  placed  vertically,  with  t 
joints  caulked  with  oakum. 

For  a  long  time,  timber  caissons  had  decks  and  roofs  of  solid  timber  10  to  12  ft.  thick,  thoroughly  bolted,  a 
drift  bolted  together.  The  writer  has  built  many  up  to  30  ft.  in  width  with  a  deck  of  3  ft.  thick,  the  top  and  b 
torn  courses  running  across  the  caisson  and  the  middle  course  running  longitudinally.  Under  the  deck  a  2-in.  pla 
course  was  used  for  caulking  purposes.      Above  the  deck,  substantial  trusses  have  been  used  about  20  ft.  a  pa 

In  the  working  chamber  of  large  caissons,  it  is  customary  to  place  12  X  12-in.  knee  braces  every  5  ft.  from  i 
cutting  edges  to  the  deck. 

All  joints  in  wooden  caissons  have  to  be  thoroughly  caulked  from  the  inside  against  air  pressure  and  from  i 
outside  to  prevent  the  water  getting  in.     Oakum  is  the  most  common  material  for  this  purpose. 

Concrete  Caissons. — Concrete  is  much  the  cheapest  material  for  caisson  construction, 
is  economical,  however,  to  use  a  certain  amount  of  wood  or  steel  as  the  occasion  requires. 

The  sides  should  always  be  vertical  no  matter  what  material  is  used.  Beginners  general 
have  an  idea  that  if  the  sides  of  the  caisson  are  battered  so  that  the  bottom  horizontal  area  w 
be  larger  than  the  top  that  the  friction  of  the  soil  on  the  side  walls  will  be  reduced.  Experien 
has  proved  that  in  soft  ground  this  results  in  the  material  roUing  in  against  the  caisson,  therel 
binding  it  the  tighter.  In  one  case  it  took  1200  tons  extra  pig  iron  to  break  the  friction, 
another  case  when  an  open  caisson  was  being  dredged  through  hard  clay,  the  opposite  result  w 
experienced,  for  there  the  clay  held  its  position,  and  the  caisson  wabbled  so  much  that  fea 
were  entertained  for  its  safety.  The  space  between  the  cyUnder  and  the  clay  was  backfill' 
and  allowed  to  stand  for  many  months  before  the  process  of  sinking  was  resumed. 

The  cutting  edge  (for  the  reason  above  given)  should  never  extend  more  than  J-2  or  ^i  in.  beyond  the  sides 
the  caisson.     A  6  X  6-in.  angle  or  6-in.  channel  makes  the  best  cutting  edges,  as  already  noted. 

The  side  walls,  vertical  on  the  outside,  should  have  a  batter  on  the  inside  from  the  cutting  edge  to  the  roof 
about  3  in.  horizontal  to  1  ft.  vertical,  though  in  wide  caissons  the  horizontal  distance  can  be  considerably  increase 

The  under  side  of  deck  or  roof  should  slope  from  the  sides  up  to  the  working  shaft,  for  faciUty  in  filling  t 
working  chamber  with  concrete. 

Steel  rods  should  run  from  the  cutting  edge  to  the  top  of  the  concrete  to  prevent  (1)  the  side  walls  of  t 
working  chamber  from  buckling  in  and  (2)  the  friction  on  the  sides  of  the  caissons  from  opening  cracks  in  the  cc 
Crete.  These  rods  should  be  about  J-s  or  ^^  in.  square  and  4  in.  center  to  center  for  a  distance  of  10  or  12  ft.  abo 
the  cutting  edge,  and  12  in.  center  to  center  above  that  height.  Similar  rods  should  run  from  the  cutting  edge, 
the  inside  of  the  working  chamber  wall,  up  to  the  deck  and  extend  several  feet  above  the  deck  into  the  concre' 
There  should  also  be  horizontal  reinforcing  rods  about  the  same  size  and  distance  apart  as  the  vertical  rods. 

The  number  of  rods  required  in  the  deck  would  of  course  depend  on  the  span,  etc.,  but  in  most  cases  ^^^-i 
square  rods  4  in.  center  to  center  in  each  direction  would  be  more  than  ample. 

Shafts. — Small  caissons  have  only  one  shaft  which  is  used  for  both  men  and  material.     T) 
larger  caissons  have  at  least  two,  one  for  material  and  one  for  men,  and  sometime^  as  many 
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six  or  more.     The  cost  of  the  shaft  is  balanced  against  the  extra  cost  of  handling  the  material 
in  the  working  chamber  if  fewer  shafts  are  used. 

Formerly  the  shafts  were  made  of  steel  but  now  steel  shafts  are  used  only  at  the  top  and  timber  or  metal 
collapsible  forms  are  used  to  make  the  shafts  in  the  concrete.  The  concrete  shafts  should  have  a  recess  about  6  in. 
deep  and  1  ft.  wide  in  which  round  rods  are  inserted  to  form  a  ladder. 

In  small  caissons  it  is  very  necessary  to  have  vertical  and  horizontal  reinforcing  rods  around  these  shafts  to 
prevent  the  concrete  between  the  shaft  and  the  outside  of  the  caisson  from  opening  up  serious  cracks. 

Sealing  the  Caisson. — When  the  caisson  has  reached  its  final  resting  place  either  on  rock, 
hardpan,  or  in  a  few  places  on  sand  or  clay,  it  is  necessary  to  fill  the  working  chamber  with 
concrete.  The  old  method  was  to  deposit  the  concrete  by  hand  until  is  was  about  4  ft.  below 
the  deck  and  then  by  means  of  timber  forms  to  bench  the  concrete  all  around  until  only  a 
working  space  under  the  shaft  was  left  and  also  a  space  of  3  or  4  in.  under  the  deck.  This  space 
was  packed  with  very  dry  mortar  and  rammed  into  place  using  a  hammer  on  a  small  plank. 
This  method  was  expensive  and  never  satisfactory,  one  trouble  being  that  the  benching  required 
a  dry  concrete  which  is  exceptionally  undesirable  in  compressed  air  work  and  another  trouble 
was  the  difficulty  of  getting  the  tedious  work  of  ramming  properly  done. 

The  writer  some  10  yr.  ago  abandoned  the  old  method  for  the  following  which  he  has  used  ever  since:  The  work- 
ing chambers  are  filled  with  wet  concrete  to  within  1  ft.  or  better,  2  ft.,  from  the  deck,  under  air  pressure  of  course, 
and  then  the  compressed  air  is  kept  on  for  48  hr.,  after  which  the  air  is  taken  off  and  the  rest  of  the  space  under  the 
deck  and  the  shafts  themselves  is  rapidly  filled  with  wet  concrete  dumped  from  the  top  of  the  shaft.  It  is  very  im- 
portant to  have  the  concrete  under  the  deck  mixed  very  wet. 

It  is  always  necessary  to  have  vent  pipes  as  far  from  the  shaft  as  possible  so  that  no  air  can  be  trapped  under 
the  deck  to  cause  voids  in  the  concrete.  When  the  work  is  properly  done  the  grout  will  be  found  to  have  been  forced 
up  these  vent  pipes  from  the  working  chamber  to  from  15  to  25  ft.  above  the  deck.  As  the  working  chamber  is 
being  filled  it  is  very  necessary  to  reduce  the  air  pressure  gradually.  Neglect  to  do  this  has  resulted  in  much  con- 
crete being  blown  out  under  the  cutting  edge. 

Water-tight  Cellars. — A  number  of  buildings  have  been  constructed  in  New  York  with  from 
3  to  4  floors  below  the  water  level.  These  are  made  water-tight  by  sinking  pneumatic  caissons 
around  the  lot,  the  caissons  having  a  width  of  from  5  to  8  ft.  and  lengths  up  to  30  or  40  ft.  and 
then  by  seaUng  the  joints  between  the  caissons. 

One  method  is  to  use  a  compressed  air  shaft  some  3  ft.  in  diameter  which  is  a  more  or  less 
difficult  matter.  A  better  method  as  far  as  economy,  safety,  and  good  results  are  concerned, 
is  to  sink  the  caissons  about  6  in.  apart,  holding  the  distance  by  having  two  6  X  8-in.  timber 
separators,  preferably  of  oak,  attached  from  the  cutting  edge  to  top  of  the  first  caisson  sunk. 
The  space  between  these  separators,  about  2  ft.,  is  stock-rammed.  This  is  accomplished  by 
driving  a  heavy  4-in.  pipe  down  to  the  level  of  the  cutting  edge;  then  pellets  of  clay  are  dropped 
into  the  pipe,  and  the  clay  is  forced  out  at  the  bottom  by  an  iron  piston  rod,  just  big  enough  to 
work  easily  inside  of  the  pipe,  the  piston  being  operated  by  a  pile  driver.  As  the  driving 
becomes  harder,  the  pipe  is  raised  a  foot  or  so,  and  the  operation  is  continued  until  the  entire 
pipe  has  been  removed,  section  by  section,  and  the  space  well  packed  with  clay.  The  clay  has 
been  thus  rammed  so  hard  that  it  resembles  shoe  leather.  Care  is  required  to  see  that  the 
ramming  is  not  overdone  as  the  accumulative  effect  is  very  great — enough  to  shove  the  caisson 
bodily  out  of  place.  This  has  successfully  held  the  water  back  for  depths  of  35  ft.  and  permitted 
the  placing  of  concrete  or  brick  work  in  the  joints  after  the  cellar  has  been  dug.  For  further 
details,  see  the  writer's  article  in  Railroad  Age  Gazette,  Aug.  7-14,  1908. 

45gr.  Open  Caissons. — Open  caissons  are  constructed  on  the  surface  like  pneuma- 
tic caissons  and  sunk  into  position,  where  they  may  be  held  down  by  weights  if  necessary. 

45/i.  Dredged  Wells. — Where  the  depths  are  too  great  for  pneumatic  work, 
dredged  wells  are  often  used.  There  sometimes  consist  of  double  steel  cyUnders  with  concrete 
filling  the  space  between  the  inner  and  outer  cylinder.  Ordinary  clam  shell  or  orange  peel 
buckets  are  used  for  dredging  the  material  through  the  inner  cylinders.  Reinforced  concrete 
is  often  used,  having  steel  forms  for  temporary  purposes  only. 

The  Phoenix  Construction  Company  used  a  number  of  these  for  the  Erie  R.  R.  at  Penhorn  Creek  and  elsewhere. 
These  were  6  ft.  outside  diameter,  and  .3  ft.  6  in.  inside  diameter,  andwere  sunk  through  90  ft.  of  sand,  gravel,  etc. 
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FOOTINGS  1 

By  Arnold  C  Holinger 

46.  "Wooden  Grillage  Footings. — The  use  of  wooden  footings  should  be  restricted  to 
temporar}'  buildings  on  soil  of  low  bearing  value  or  to  permanent  construction  where  the  footings 
are  at  all  times  submerged  in  water.  When  used  to  support  a  column,  the  load  is  first  trans- 
mitted to  a  sill  or  longitudinal  timber,  which,  in  turn,  transfers  the  load  to  transverse  timbers 
which  generally  are  placed  on  a  layer  of  planking  as  a  precaution  against  unequal  settlement  on 
poor  soil.  For  temporary  work,  an  extreme  fiber  stress  of  1600  lb.  per  sq.  in.  and  bearing  across 
the  grain  of  500  lb.  per  sq.  in.  may  be  used.  The  nominal  sizes  of  the  timbers  can  be  used  in 
determining  the  section  moduli,  since  the  members  need  not  be  dressed  when  used  in  footings. 

Illustrative  Problem. — Design  a  wooden  grillage  footing  for  a  10  X  10-in.  column  carrying  a  load  of  50,000  lb. 
Soil  pressure  to  be  considered  at  2000  lb.  per  sq.  ft. 

In  determining  the  area  of  a  timber  footing,  the  weight  of  the  footing  may  be  neglected. 

Area  of  footing  required  =       '  =  25  sq.  ft. 

Use  a  footing  5  X  5  ft.     The  sill  under  the  column  will  therefore  be  5  ft.  long. 

Bearing  across  the  grain  =  — TT^fT  ~  ^^0  lb.  per  sq.  in.     Since  this  value  is  equal  to  the  maximum  allowable 


100 


value,  no  bearing  plate  is  required. 


4*—  S  equal  spaces 
5'-0"x£'0" 

Fig.  35. 


Considering  the  loads  from  the  transverse  timbers  to  be  concentrated  at  points  indicated  in  Fig.  3.5,  and  assum- 
ing each  timber  to  carry  one-sixth  of  the  load,  then 

M  =  (8333  X  27)  +  (8333  X  16.2)  +  (8333  X  5.4)  -  (25,000  X  2.5)   =  342.500  in  -lb. 

..       •              ,    .               -J        342,500        „,, 
Section  modulus  required  =     =  214. 


1600 


6rf2 


Use  this  timber  for  the  sill,  the  12-in.  side  being  placed  in  a  vertical  position. 
Considering  the  cantilever  transverse  timbers  as  acting  about  the  center  of  the  sill, 
50,000  ^^  (5  -  0.83) 


M  = 


X 


X  12  =  313,000  in.-lb. 


Section  modulus  required  =  — ,  „'  =  196. 

loOO 

The  section  modulus  of  six  6X6  timbers  is  216.     Use  these  timbers  spaced  as  shown  in  Fig.  35,  laid  on  top  of 
3-in.  laminated  planking. 

47.  Plain  Concrete  Footings. 

47«.  Light  Wall  Footings. — Under  walls  carrying  small  loads,  such  as  a  bearing 
wall  in  a  residence  or  a  one-story  brick  building,  the  footing  generally  consists  of  a  cantilever 
slab  which  projects  in  two  balancing  directions.  A  projection  of  at  least  4  in.  should  be  used, 
which  serves  as  a  ledge  on  which  the  wall  forms  can  conveniently  be  placed.     The  minimum 

'  See  also  Appendices  J  and  K. 
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depth  of  the  footing  should  be  equal  to  twice  this  projection  (Fig.  36).  The  load  per  square  foot 
occurring  at  the  bottom  of  the  footing  should  be  checked  to  make  sure  that  the  allowable  pres- 
sure on  the  soil  is  not  exceeded. 

476.  Heavy  Wall  Footings. — Under  walls  carrying  a  considerable  load,  such  as  a 
party  wall  in  a  six-story  warehouse,  a  lialanced  cantilever  footing  similar  to  that  for  a  light  wall 
may  be  used.  These  footings  are  usually  battered  or  stepped  in  order  to  save  material.  In  a 
footing  of  this  type,  the  projection  of  the  top  step  beyond  the  face  of  the  wall  is  generally  taken 
as  one-half  the  wall  thickness. 

Illustrative  Problem. — Design  a  plain  concrete  footing  for  a  wall  20  in.  thick  carrying  a  load  of  24,000  lb.  per 
lin.  ft.     Soil  pressure  to  be  considered  at  4000  lb.  per  sq.  ft. 

Load  per  linear  foot  of  wall  at  top  of  footing  =  24,000  lb. 
Assumed  weight  of  footing  per  linear  foot         =     4,000  lb. 


Total  load  per  linear  foot 


=  28,000  lb. 


9C  000 
Width  of  footing  =  ^^T7)ob   '^'  ^  ''  ^*' 

The  footing,  built  monolithic,  is  stepped  down  as  shown  in  Fig.  37,  the  depth  of  any  step  being  twice  its  pro- 
jection.    The  weight  is  3930  lb.  per  lin.  ft.,  which  checks  the  original  assumption. 
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Fig.  38. 


47c.  Plain  Concrete  Column  Footings, — In  this  type  of  cantilever  footing,  shown 
in  Fig.  38,  the  steps  project  in  four  directions  from  the  column  it  supports.  Footings  of  this 
type  are  generally  used  in  mill  buildings  where  excavation  is  not  difficult  or  expensive. 

Illustrative  Problem. — Design  a  column  footing  of  plain  concrete  to  carry  a  load  of  350,000  lb.,  the  soil  pressure 
being  3500  lb.  per  sq.  ft. 

Column  load  =  350,000  lb. 

Assumed  weight  of  footing  =     90,000  lb. 

Total  load  =  440,000  lb. 
Design  of  size  of  base. 
Assume  a  24-in.  square  cast-iron  base. 
Allowable  stress  on  bottom  of  base  for  2000-lb.  concrete 

(See  Art.  49a)   =  0.25 // 1^^  =  0.25  X  2000  X    "^^  =  660  1b. 


^  ,,  350,000        ._ 

Area  of  base  =  — ^^ttv, —    =  530  sq.  in. 
oOU 


Use  24  X  2-in.  metal  C.  I.  base. 

.  .,     ^.  440.000 

Area  of  footing  =     „_„„       =   120  .sq.  ft. 
3500 

Use  a  footing  11  ft.  4  in.  X  11  ft.  4  in.  stepped  and  built  monolithic,  as  shown  in  Fig.  38.     Weight  is  89,000  lb. 
which  checks  assumption  very  closely. 

48.  Stone  and  Brick  Footings. — Stone  or  brick  masonry  is  not  suitable  for  footings  except 
for  very  light  loads.     Even  for  such  loads  it  is  recommended  that  concrete  be  used. 
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Effective  Sfeel  Area  A; 


49.  Reinforced  Concrete  Column  Footings. 

49a.  Notation  and  Design  Formulas. — The  symbols  used  in  formulas  for  the 
design  of  column  footings  are  as  follows  (see  Fig.  39) : 

a  —  width  of  pier  or  column  supported. 
As  =  effective  steel  area  in  one  direction. 
A  =  total  area  at  top  of  cap  or  pier. 
A'  =  loaded  area  at  the  column  base. 
b  =  dimension  of  base  of  footing, 
c  =  distance  from  face  of  pier  to  edge  of  footing. 
d  =  depth  from  top  of  footing  to  center  of  gravity 

of  steel. 
di  =  depth  at  shear  section  as  governing  diagonal 

tension. 
M  =  moment  in  one  direction. 
To  =  permissible    working    stress    directly    under 

column. 
t  =  total  thickness  of  footing. 
ti  =  thickness  of  prismatic  portion  of  footing. 
u  =  unit  bond  stress  at  edge  of  pier  for  bars  within 

the  effective  width  only. 
It'  =  column  load  divided  bj^  the  area  of  the  footing. 
The  formulas  for  the  design  of  square  column  foot- 
ings follow: 
M  =  mac^  +  O.Qc^)w 

fa  =  0.25// ^|, 
M 

[fe2  -(a  +  2d)^]iv 


A,  = 


(1) 
(2) 

(3) 


4(a  +  2d)jdi 
(c^  +  ac)iv 
¥ojd 


(4) 

(5) 


Effective  width  for  steel  =  a  +  2d  +  }4(b  -  a  -  2d)  (6) 

496.  Steps  to  Be  Taken  in  Design. — The  steps  in  the  design  of  a  square  rein- 
forced concrete  footing  are  as  follows: 

(a).  From  the  column  load  and  allowable  pressure  on  the  soil  determine  the  dimension  b  of 
the  footing.  For  this  computation  an  estimated  weight  of  the  footing  per  square  foot  must  be 
deducted  from  the  soil  pressure.  The  weight  of  the  footing  does  not  enter  into  the  computa- 
tions otherwise,  as  its  weight  passes  directly  to  the  soil  without  affecting  the  moment  or  shear 
measurably. 

(6)  Compute  wi=  column  load  divided  by  6-). 

(c)  Design  cap  or  pier  (if  used)  on  top  of  the  footing. 

(d)  Assume  a  value  for  d  and  compute  the  shearing  unit  stress.  Revise  the  assumption  of 
d  until  an  allowable  shear  on  the  unreinforced  concrete  web  is  obtained  (or  design  stirrups  if  the 
depth  of  the  footing  is  hmited). 

(e)  Compute  the  bending  moment  in  the  footing. 

(/)  Compute  As  and  determine  the  size  and  number  of  bars  making  up  the  effective  steel 
area.  In  the  remaining  width  of  the  footing  provide  same  size  bars  at  twice  the  interval  used 
within  the  effective  width. 

(g)  Compute  the  bond  stress  on  bars,  taking  So  as  the  sum  of  the  perimeters  of  all  bars 
making  up  the  effective  steel  area  A^. 

(h)  Check  the  design  against  the  assumed  weight  and  redesign  if  necessarj'  on  account  of 
soil  pressure. 


Sec.  3-49c] 


STRUCTURAL  DATA 


373 


The  design  of  all  column  footings  has  been  carried  out  in  accordance  with  the  1924  Joint 
Committee  Specifications  (see  Appendix  J). 

49c.  Single  Slab  Footings. — This  type  of  footing  should  be  used  only  for  small 
loads,  as  it  is  uneconomical  in  concrete. 

Illustrative  Problem. — Soil  pressure  4000  lb.  per  sq.  ft. 
Column  size  20  X  20  in.  (see  Fig.  40). 

Column  load  =  150,000  lb. 

Assumed  footing  weight  =     10,000  lb. 


160,000 
4000 
150,000 


Total  load  =   160,000  lb. 
-  =40  sq.  ft.  =  6  ft.  6  in.  square. 

=  3560  lb.  per  sq.  ft. 


(6.5)  (6.5) 

It  will  be  noticed  that  di  =  d  for  a  single  slab  footing. 
Diagonal  tension,  assuming  d  =  13  in. 
(27.55) (3560)  ^,  ,, 

'  =  (4)746)(0:87Kl3)   =  ^'  '''■  P"  '''■  '"• 
This  value  is  too  high  where  ordinary  anchorage  of  the  reinforce- 
ment is  employed. 

Try  d  =  Uyi  in. 
(25.60)  (3560)  ,«  ,  ,k 

"  =  (4)  (49)  (0.87)  (14^  =  3^-'  ^^-  P*''  '''■  '"• 
M  =  [(1.^)  (1.67)  (2.42)2  +(0.6)(2.42)3](3560)(12)  =  572,000  in.-lb. 
As  =  2.50  sq.  in.  =  twenty-three  ^^-in.  round  bars. 
(9.88)  (3560)  ,_„,, 

"  =  (23T(1.18)  (0.87)  (14.5)   =  '""^  ^^-  ^''  '''■  •°- 
Since  the  unit  bond  stress  allowed  is  only  75  lb.  per  sq.  in., 
it   will   be   necessary   either   to  hook  these  bars  or  increase  the 
number  allowing  the  bars  to  remain  straight.     Hooking  the  bars 
is  the  most  economical  solution. 

The  twenty-three  ?^-in.  round  bars  must  be  spaced  in  a 
width  of  20  +  29-1-  K  (78-20-29)  =  63.5  and  have  a  spacing  of 
63.5 
22 


=  2.9  in.,  say  2^  in.  on  centers. 


Fig.  40. 


The  23  bars  will  be  placed  equally  on  each  side  of  the  center 
at  2^i  in.  on  centers.  The  outer  bar  of  this  effective  group  there- 
fore lies  9  in.  from  the  edge  of  the  footing,  so  only  one  bar  will 
be  needed  at  5^^  in.  on  centers  on  each  side,  making  a  total  of  25 
bars  each  way. 

The  depth  of  the  footing  =  14.5  -f-  3.5  =  18  in.  Actual 
weight   =  9500  lb.,  which  checks  assumed  weight. 

AM.  Sloped  Footings. — This  type  of  footing  is  favored  by  some  designers.  It 
requires  less  concrete  than  stepped  or  flat-top  footings.  For  the  practical  operation  of  pouring 
sloping  footings  without  forms,  a  comparatively  dry  concrete  is  used,  and  the  slope  may  be  as 
steep  as  3  vertical  to  5  horizontal  without  causing  any  difficulty  in  the  field.  In  the  design 
which  follows,  a  cap  or  pier  has  been  provided  on  top  of  footing  equal  to  one-fourth  of  the 
breadth  of  the  base.  Experience  has  taught  the  writer  that  the  use  of  a  cap  or  pier  of  plain 
concrete  on  top  of  the  footing  is  exceedingly  desirable  where  the  strata  of  firm  soil  vary.  The 
footing  may  be  lowered  to  firm  soil  and  the  height  of  the  pier  increased  so  that  the  elevation  of 
top  of  pier  remains  constant. 

In  structures  where  the  column  loads  are  fairly  large,  some  provision  should  be  made  in  the 
design  to  allow  for  a  greater  percentage  of  dead  load  on  an  exterior  than  on  an  interior  column 
footing.  If  the  ground  at  the  bottom  of  the  footing  is  hardpan,  hard  shale,  or  solid  gravel,  this 
provision  is  not  essential. 

It  is  good  practice  to  design  the  columns  for  the  full  dead  load  and  a  proportion  of  the  live 
load  depending  upon  the  number  of  stories  in  the  structure.  In  Chicago,  the  basement  story 
columns  in  a  six-story  and  basement  building  would  be  designed  for  the  full  dead  load,  the  roof 
load  and  723-2  %  of  the  live  load  for  which  the  floors  are  designed.     The  footings  are  designed 
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for  the  basement  story  column  load.  Some  designers  proportion  the  area  of  footings  on  the 
basis  of  the  dead  load  only.  The  writer  recommends  using  the  full  dead  load  and  one-half  of 
the  live  load  used  in  the  design  of  the  basement  story  columns.  The  following  example  is 
worked  out  on  this  basis: 


Illustrative  Problem. — Interior  column:  Size,  32  in.  diameter;  2900-lb.  concrete;  verticals  =  thirteen 
square  bars;  spiral  =  Jg-in.  round,  2>i-in.  pitch,  28  in.  diameter. 

Dead  load  =  297,000  lb. 

Live  load  =  423,000  lb. 

Exterior  column:  Size,  30  in.  diameter;  2000-lb.  concrete; 

verticals  =  eleven  1-in.  square  bars;  spiral  =  J^e-in.  round, 

21.4-in.  pitch,  26  in.  diameter. 

Dead  load  =  280,000  lb. 
Live  load  =  196,000  lb. 
Maximum  soil  pressure  =  3500  lb.  per  sq.  ft. 


IJ^-in. 


Fia.  41. 


Fig.  42. 


Allowing  12  %  of  the  column  load  for  the  weight  of  footing,  area  of  interior  footing  = 


806,000 
3500 


230  sq.  ft. 


13  ft.  2  in.  square  (see  Fig.  41) 

617,000 

2680  lb.  per  sq.  ft.     The  area  required  for  the  exterior  column  would  be 


Now  using  one-half  the  live  load  and  all  the  dead  load,  we  have  a  pressure  o) 

(547,000  -  98,000) 

-  =  168  sq. 


230  '""'  °^-  '"•      ""^  ""^^  .^H"-'^^  '-  -"-  ..^.wwv..  . „^^.^  ^v,  2680 

ft.  or  say  13  ft.  0  in.  square  (see  Fig.  42). 

Following  through  the  above,  it  will  be  noted  that  the  area  of  the  interior  column  footing,  which  is  the  one  hav- 
ing the  highest  percentage  of  live  load,  was  first  obtained  by  using  the  soil  pressure  allowed.  A  new  soil  pressure 
is  then  obtained  by  using  all  the  dead  load  and  one-half  the  live  load.  All  other  footings  are  then  proportioned  by 
using  this  reduced  soil  pressure  and  applying  it  upon  the  full  dead  load  and  one-half  of  the  live  load 

Having  determined  the  footing  area,  the  design  will  be  carried  out  in  the  usual  way  using  the  total  column  load 
occurring  at  the  top  of  the  foundation.  In  case  the  live  load  for  which  the  floors  are  designed  exceeds  400  lb.  per 
sq.  ft.,  it  would  be  well  to  take  one-fourth  of  the  live  load  instead  of  one-half.  The  reason  for  this  is  that  the  settle- 
ment, if  any,  will  probably  occur  during  construction  and  not  after  the  building  is  fuUy  loaded. 
Interior  Footing: 

Total  column  load  =  720,000  lb. 


Z^0^^  =  3130  1b.pereq.ft. 


Area  of  footing  =  230  sq.  ft. 

Provide  a  cap  on  top  of  the  footing  equal  to  one-fourth  of  the  breadth  and  1  ft.  0  in.  high. 

Cap  =  3  ft.  10  in.  square. 

Area  of  cap  =  2116  sq.  in. 

Gross  area  of  column  =  804  sq.  in. 

To  =  0.25/e'v^2^  =  690  lb.  per  sq.in.  for  2000-Ib.  concrete. 
720,000 


Actual  stress  = 


804 


=  850  lb.  per  sq    in. 


The  permissible  stress  would  be  increased  45  %  in  the  event  that  a  2900-lb.  concrete  cap  were  used.     This 
stresa  =  690  X  1.45  =  1000  lb.  per  sq.  in.     Had  the  2000-lb.  concrete  cap  been  adopted  for  this  design,  it  would  be 
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necessary  to  provide  a  short  spiral  in  the  top  of  this  cap  together  with  footing  dowels  equal  to  the  number  and  size 
of  the  column  rods.  We  shall  use  the  2900-lb.  concrete  cap  and  omit  the  spiral  for  this  design,  as  the  more  economi- 
cal solution. 

The  top  of  the  footing  directly  under  the  cap  will  be  made  8  in.  larger  than  the  cap  in  order  to  leave  a  flat 
surface  for  the  cap  forms  to  set  on. 

Diagonal  Tension. — Assume  d  =  40  in.  below  bottom  of  cap.     Depth  available  to  resist  diagonal  tension  = 
di.     Assume  <i  =  12  in. 

.       (d,  -  8)        (40  -  di) 
By  proportion  -— —    =  ^ 

solving,  di  =  22  in. 

(120)  (3130) 


=  39  lb.  per  sq.  in. 


M  -■ 
d 


(4)  (126)  (0.87)  (22) 

[(K)  (3.83)  (5.67) 2  +  (0.6)(5.67)3](31.30)(12)   =  6,400,000  in.-lb. 

=  40  in.     As  —  10.1  sq.  in.  =  twenty-three  M-in.  round  bars. 

(21.7  +  32)  (3130)  „-  ,,  .         TT      I,     I    ^       J 

—  °'^  lb.  per  sq.  in.     Use  hooked  ends. 


(23)  (2.36)  (0.87)  (40) 
Effective  width  (10.5)  +  (K)  (15.17  -  10.5)   =  12.83  ft.  =  154  in 

154 


spacing  = 


22 


=  7  in.  on  centers. 


Add  one  bar  each  side  making  the  total  steel  twenty-five  %-in.  round  bars  each  way. 

The  actual  weight  of  footing  and  cap  as  designed  is  80,000  lb.  which  is  slightly  less  than  the  assumed  weight. 
Exterior  Footing: 

Column  load,  476,000  lb. 

Area  of  footing  =  169  sq  ft.  w  =  2820  lb.  per  sq.  ft.  The  design  will  be  carried  out  the  same  as  above,  and 
we  obtain  the  design  shown  in  Fig.  42. 

49e.  Diagram  for  Determining  Depth  of  Footing. — For  fixed  proportions  of  o  to 
b  and  for  any  given  column  load,  the  depth  to  the  steel,  d,  remains  practically  constant  for  all 
soil  pressures  in  common  use.     (Fig.  43)  is  based  on  the  assumption  that  the  column  of  what- 
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ever  size  will  rest  upon  a  pier  whose  side  is  one-fourth  of  the  side  of  the  base  of  the  footing. 
From  this  figure  the  value  of  d  for  design  may  be  selected  with  the  assurance  that  the  shearing 
stress  as  governing  diagonal  tension  will  not  exceed  49  to  60  lb.  per  sq.  in.  as  noted  on  the 
diagram. 

49/.  Stepped  Footings. — Stepped  footings  should  be  so  proportioned  as  to 
completely  envelop  the  minimum  sloped  footing. 

49g.  Rectangular  Footings.- — Since  a  footing  is  a  very  stiff  rigid  member,  no 
appreciable  deflection  will  occur  at  the  edges,  and  uniform  pressure  will  prevail  throughout  the 
foundation.  In  footings  in  which  the  length  does  not  exceed  the  breadth  by  more  than  50%,  the 
design  will  be  carried  out  in  the  same  manner  as  in  a  square  footing.  Thus,  referring  to  Figs. 
44  and  45, 


y 

< — b — > 

<CT>* 

b  ^> 

y- 

t     ^ 

\ 

\ 
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\ 

1 

, 

,a. 

y\ 

3 

\ 

Fig.  44. 


Fig.   45. 


Fig.  46. 


M(i_i)  =  {y2ac-  +0.6c=6)u; 
ilf(2_2)  =  {yiab'  +  0.66?c)w; 
The  values  for  diagonal  tension  can  be  followed  through  in  a  similar  manner. 
In  cases  where  the  length  is  more  than  50%  greater  than  the  width,  the  footing  should  be 
designed  as  follows: 

M(3-3)     =    -^W 

M(4-4)  =  (  2    "*"  ^'^'P" 

The    effective    reinforcement  across   4  —  4  should  be   placed   within   a   width  equal   to 
(a  +  h). 

49/i.   Wall  Footings. — Continuous  footings  of  this  type  may  either  have  a  sloped 
top  as  shown  (Fig.  46)  or  be  constructed  with  a  level  top.     If  w  is  the  unbalanced  upward  earth 
(c  —  d)w 


pressure,  then  di 


(12)  (0.87)  (40) 


when  ordinary  anchorage  of  the  steel  is  provided. 
M  =  —^  per  lin.  ft. 


Sojd' 


where  So  represents  the  total  periphery  for  the  number  of  bars  present  per  hnear 


foot. 

It  will  usually  be  found  that  in  this  type  of  footing  the  reinforcing  bars  must  be  hooked  as 
indicated,  for  economy. 

50.  Reinforced  Concrete  Combined  Footings. — In  this  case,  a  column  occurs  very  close  to 
the  property  line,  and  a  symmetrical  footing  cannot  be  constructed  without  encroachment  upon 
the  adjoining  property.  A  combined  footing  for  the  exterior  and  next  adjacent  interior  footing 
may  be  the  best  solution. 

If  the  exterior  column  load  is  less  than  the  interior  column  load,  it  is  general  practice  to  use 
a  rectangular  footing.  If  conditions  do  not  permit  this,  a  trapezoidal  footing  must  be  used.  In 
case  the  exterior  column  load  is  greater  than  the  interior,  a  trapezoidal  footing  must  be  used. 

In  the  articles  which  follow,  stresses  for  a  2000-lb.  concrete  and  a  hard-grade  steel,  in 
accordance  with  the  1924  Joint  Committee  report,  have  been  used.  For  these  stresses,  K  = 
138. 

50a.  Rectangular  Combined  Footings. — In  this  design  (Figs.  47,  48  and  49),  the 
foundation  will  be  proportioned  directly  to  the  basement  story  column  loads. 


Sec.  3-50r7] 


STRUCTURAL  DATA 


377 


\^3-6"-**2-/0''** 


4 — u 


\^2-^'<if/^">it/'6\ 


/S'-^"  ■ 


■■34-/'/e°7bfa/ 


W-6^/'6\ 


±rT-. 


y^ 1- 


C__k.L 


-4- /'/go  - 
-3-/'/g"a- 


5^^ 


-*/-'(?  K- 


^:v^.O 


''•8-/'l^  Exfna  Rods{S5hort -3 Long)    V2'3"' 
LoNG/TUD/NAL    Steel 
For  Case  I 


V 


Fig.  47. 


\^4'-J/"- 


~n — 


■J8'-0" 


.■■34-J'/o'o 


V'3 


Fig.  48. 


■■■/i'-/'i7  ,<Z?  Shorf-  3  Long) 
LONGJTUD/NAL    StEEL 

For  Case  Jl 


j^  Moment  D/agpam 

Fig.  49. 


378  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec.  3-oOa  i 

Illustrative  Problem. — Interior  column  1,  load  =  720,000  lb.;  column  size,  34  X  34. 
Exterior  column  2,  lo.ad  =  476,000  lb.;  column  size,  30  X  30. 
Maximum  soil  pressure   =  4,000  lb.  per  sq.  ft. 

The  center  of  gravity  of  the  column  load.s  must  coincide  with  the  center  of  gravity  of  the  footing  area 
Allowing  12  %  for  the  weight  of  footing,  area  of  footing: 

806,000  +  533,000 


4,000 


=  335  s   .  ft. 


,  •       ■     (18.0)  (720,000)        ,„oor.    f  *        t      1  o 

Center  of  gravity  is  ^^ — ,  , '       '- —  =  10.83  ft.  from  center  of  column  2. 
i,iyD,uou 

Now,  side  of  column  2  is  on  the  lot  line,  so  center  of  gravity  is 

10.83  +  1.25  =  12.08  ft.  from  end  of  footing. 
Footing  is  to  be  rectangular,  so  length  will  be 

2  X  12.08  =  24.16  ft. 

Width  of  footing  =  ^^  =  13.9  ft. 

The  size  of  the  footing  and  its  location  with  respect  to  the  two  columns  has  now  been  determined. 

1,196,000 
^  =         335         =  ^^^°  '^- 
The  next  operation  will  be  to  determine  shears  and  moments  in  a  longitudinal  direction. 
A  shear  and  moment  diagram  is  then  plotted  to  a  convenient  scale. 

ViL  =   -(13.9)  (3570)  (4.9)   =   -244,000  1b. 
ViR  =   +720,000  -  244,000  =   +476,000  lb. 
V2R  =  +(13.9)  (3570)  (1.25)   =   +62,000  lb. 
V2L  =   -476,000  +  62,000  =   -414,000  lb. 

Line  of  zero  shear  =  TTr^TfTwrr^rrr.  =  9.6  ft.  to  right  of  center  of  column  1. 
(3570)  (1.5.9) 

Ml  =   -(244,000) (4.9) (3-2) (12)   =   -7,150,000  in.-lb. 
•         Ma  =  maximum  positive  moment  and  occurs  at  line  of  zero  shear  =   —7,150,000  +  (9.6)(476,000)(H)(12)  = 
+  20,350,000  in.-lb. 

Af2  =   -(62,000) (1.25) O2) (12)   =   -580,000   in.-lb. 
Draw  a  smooth  parabolic  curve  through  the  plotted  points  representing  these  moment  values.     In  certain  cases 
it  would  be  well  to  compute  a  series  of  intermediate  points  on  the  moment  diagram  in  order  to  determine  this  para- 
bola more  accurately.     But  for  all  practical  purposes,  the  values  calculated  above  are  sufficient,  as  they  represent 
tbe  critical  values  used  in  designing  the  footing. 

20,350,000  ^^.       .       „.  . 

'^-  =  (138)  (13.9)  (12)   =  ^^^-     ^^  =  30.- 
As  =  43  sq.  in.  =  thirty-four  l>g-in.  square  bars. 
Actual  weight  of  footing  =  143,000  lb.,  which  checks  the  assumed  weight  very  closely. 
Diagonal  tension  at  column  1.     (Trial  without  cap.) 

(202  -  61.3)  (3570) 
"  =     (4)(94)(0.87)(3-0r    "=  ^'  ^^^  ^^  '^^  '"■ 
According   to   the   1924  Joint   Committee  report,   the  above  value  is    too    high    where    ordinary    methods 
arc  employed  in  anchoring  the  reinforcing  steel  and  where  no  web  reinforcing  is  present.     We  shall  proceed  on  the 
basis  that  no  special  anchorage  will  be  used.     Therefore  the  limiting  value  for  diagonal  tension  will  be  40  lb.  per 
sq.  in.     In  order  to  reduce  the  above  value,  it  will  be  necessary  either  to  increase  the  effective  depth  of  the  footing 
or  to  provide  a  cap  under  column  1  of  a  size  sufficient  to  reduce  the  diagonal  tension  to  the  allowable  value. 
Try  a  cap  1  ft.  0  in.  deep  and  46  in.  square. 

^  (202  -  78)  (3.570)    ^ 
"        (4)  (106)  (0.87)  (30) 
Diagonal  tension  at  column  2.     (Trial  without  cap.) 

In  this  case  it  will  be  assumed  that  there  is  no  basement  wall  at  column  2. 

^      (134  -  37.4)  (3570)      ^ 
"         (120  +  90)  (0.87)  (30)  " 

Try  a  cap  1  ft.  0  in.  deep  and  41  X  52  in. 

^      (134  -  55.3)C3570)     ^  .,  „  ,. 
'"        (142  +  112)  (0.87)  (30) 
There  are,  at  the  present  time,  two  methods  in  general  use  for  providing  web  reinforcement  in  combined 
footings. 

Case  I:  Longitudinal  bars  bent  down  near  the  supports. 

Case  II:  Vertical  stirrups. 

A  solution  for  both  methods  is  now  presented. 
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Case  I. — Where  longitudinal  bars  are  bent  down  at  an  angle  of  45  deg.  or  more  with  the  main  reinforcement 
(see  Appendix  J). 

When  a  =  00  deg.,  s  =  i"i Vi  ~  1^.3  in.   (maximum  spacing). 

Considering  shear  at  right  face  of  column  1. 
From  shear  diagram: 

V    =  405,500  lb.  »    =  93  lb. 

Vc  =  174,500  lb.  Vc  =  40  lb. 


V  =  231,000  lb.  !)'  =  53  lb. 

Distance  out  from  face  of  column  1  where  no  web  reinforcement  is  required. 

5?^3(8.18)(12)   =  56  in. 
The   total   area   of   bent-upbars   required    to   resist   diagonal   tension    in    the    distance    of    56    in.    is    therefore: 

(231,000)(56)(sin60°) 
(16,000)  (0V87)(30K2)   ~  13.5  sq.m. 
Starting  at  the  right  face  of  column  1. 

Assume  five  13^^-in.  square  rods  are  bent  up  at  column  1. 

(6.32)(16.000)(0.87)(30)  .  ,.  .  .  ,    ,    . 

Si    =  (931  000 1  (^    n  60°) —     ~  13.2  m.      1  his  value  comes  withm  the  maximum  spacing  as  computed  above. 

Bend  up  5  rods  at  60  deg.  from  a  line  1  ft.  to  the  right  of  center  line  of  column  1. 
In  a  similar  manner,  we  find  a  satisfactory  design  as  follows: 
At  a  point  2  ft.  6  in.  out,  bend  up  four  IJ^-in.  square  bars. 
At  a  point  4  ft.  0  in.  out,  bend  up  three  IJ-^-in.  square  bars. 

Total    area   of  steel  bent   up  =  twelve   l>^-in.   square  bars  =  15.2  sq.    in.,    which  is  more  than  the  amount 
required. 

The  shear  at  column  2  is  less  than  the  shear  on  the  right  face  of  column  1.     To  avoid  too  many  types  of  bent 
bars,  the  rods  will  be  bent  in  a  similar  manner  at  column  2. 

The  5  bars  which  are  bent  up  for  shear  under  column  1,  should  not  be  considered  as  resisting  the  negative 
moment  caused  by  the  cantilevered  end.     These  bars  should  be  hooked  a  short  distance  beyond  the  sujiport. 
The    negative    steel  required    for  negative   moment    at    column    1  =  15.2  sq.  in. 
Steel  available  from  the  remaining  bent  bars  (seven  l^-s  in.  square)  =     8.8  sq.in. 

Deficit  =    6.4  sq.in. 
Add  eight  1-in.  round  rods  in  the  bottom  of  cantilevered  end. 
Bond  at  the  left  face  of  column  1.     In  this  case  the  negative  steel  is  considered. 

174.000  ,,„,,  .         TT      u     1 

"  =  (8)  (3.14)  +  (7)  (4.5)  (0.87)  (30)  =  "®  ^^-  ^"^  '''•  '"•     ^^e  hooks. 
Bond  at  the  right  face  of  column  1.     In  this  case  the  positive  reinforcement  is  considered. 

405,500  ,  .„  „ 

"  =  (22)  (4.5)  (0.87)  (30)   =  ^^^  '^-  ""  '^-  '"• 

Rods  should  be  extended  beyond  the  support  for  anchorage  and  hooked. 
Bond  at  left  face  of  column  2. 

352,000 

"  =  (22)  (4.5)  (0.87)  (30)  =  ^^^  '^-      ^""^  ^°°^"- 
Case  II. — Using  vertical  stirrups. 
Maximum-size  stirrup  =  ^%o  =  ^8  in. 

The    total    area    of    vertical    stirrups    required     to    resist    diagonal    tension    in    a    distance    of   56    in    = 

(231,000)  (56) 


(16,000)  (0.87)  (30)  (2) 
Try  Jg-in.  round  stirrups  having  8  vertical  legs. 

(2.4)  (16,000)  (0.87)  (30) 


15.5  sq.  in. 


=  4.4     in. 


231,000 

Use  7  stirrups  spaced  as  shown  at  each  end. 
Use  fifteen  1-in.  square  bars  for  negative  reinforcement  under  column  1.     Bond  at  left  face  of  column  1. 

"  =  (15)(4)(0.87)(30~)   =  ^"  ^^-  P"  'I-  '°-     U'^  ^°°^^- 
Bond  at  right  face  of  column  1. 

405,000  ,-.^,. 

"  =  (34)  (4.5)  (0.87)  (30)   =  ^^^  '^  P"^"  ^^-  '"■ 
It  is  good  practice  to  run  about  three  bars  through  the  entire  length  of  the  footing  at  the  bottom      These  bars 
serve  to  hold  the  transverse  reinforcement  rigidly  in  place. 

Transverse  reinforcement  must  be  provided  at  both  columns  1  and  2. 
At  column  1: 

720,000        (13.9  -  2.83)         5.53 
M  =  — I X  '^ 13^9-^   ^  ^  ^  ^^  =  9,520,000  in.-lb. 
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A,  =  20  sq.  in.  Use  twenty  1-in.  sq.  rods.  These  bars  are  to  be  spaced  in  a  distance  of  9  ft.  0  in.  Spacing 
will  be  6  in.  on  centers. 

„       ,  (5.53)  (12.1)  (3570) 

"^  "  ~    (20)  (4)  (0.87)  (30)    =  ^^*  ^^-  P*''"  ^*^-  '"•     Use  hooks. 
At  column  2: 

,,       476,000  ^,    (13.9  -  2.5)         5.7 

^  =  2 ^  13"9 "   X  -g-  X  12  =  6.700,000  in.-lb. 

As  =  14.2  sq    in.     Use  fourteen  1-in.  square  rods,  hooked  at  both  ends  and  spaced  43-2  in.  on  centers. 

506.  Trapezoidal   Combined  Footings.— In   this  design  (Figs.    50  and  51),  the 
foundation  will  be  proportioned  directly  to  the  basement  story  column  loads. 

Illustrative  Problem.— Interior  column  1,  load  =  390,000  lb.;  column  size,  24  X  24  in. 
Exterior  column  2,  load  =  476,000  lb.;  column  size,  30  X  30  in. 
Soil  pressure  =  6000  lb.  per  sq.  in. 
Allowing  11  %  for  weight  of  footing,  the  area  required  equals  160  sq.  ft.     Column  spacing  is  18  ft.  0  in.     In 
this  case  a  concrete  basement  wall  is  located  at  the  edge  of  the  footing.     The  weight  of  this  waU  is  included  in  the 
column  load. 

The  center  of  gravity  of  the  column  loads  is  ^^^gSoo""^  =  ^-^  f*-  f'"°'"  <=«'^*«'"  "^  column  2.  or  9.35  ft.  from  end 
of  footing.  The  footing  will  be  continued  1  ft.  0  in.  past  the  edge  of  column  1.  The  length  of  the  footing  is  there- 
fore 21  ft.  3  in.  (see  Fig.  50). 

The  widths  C,  and  C2  must  be  such  that  the  area  of  the  footing  is  160  sq.  ft.  and  the  center  of  gravity  of  this 
trapezoid  is  9.35  ft.  from  the  end  as  shown.     Then 

(Ci  -t-  Cj)  (21.25)        ,   „ 

^ 2  ^ =  160  or  Ci  +  C2  =  15.1  ft.  (1) 


Using  the  common  equation  for  the  center  of  gravity  in  a  trapezoid 
Solve  equations  (1)  and  (2). 


21.25       Ci  +  2C2 


Ci  =  10.3  ft.  and  Cs  =  4.8  ft. 
Pr  =  866^0  =  5400  lb.  per  sq.ft. 

Plotting  Shear  and  Moment  Diagram.— In  this  problem  the  loading  consists  of  a  uniformlv 
varying  load.  In  order  to  plot  the  shear  and  moment  diagram  accurately,  it  would  be  neces- 
sary to  determine  a  series  of  points  on  these  curves.  For  all  practical  purposes,  it  will  be  neces- 
sary only  to  calculate  the  shears  at  columns  1  and  2  and  determine  the  hne  of  zero  shear.  By 
calculating  the  values  of  the  negative  moments  under  columns  1  and  2  as  weU  as  the  maximum 
moment  at  the  hne  of  zero  shear,  a  reasonably  accurate  diagram  can  be  plotted. 

In  practice  sometimes,  the  center  of  gravity  of  the  footing  is  considered  the  line  of  zero 
shear.     The  error  caused  by  this  assumption  is  very  small,  seldom  exceeding  3%. 
Exact  line  of  zero  shear: 

(  '^-^^^  -  \2)%l25^'0'^°"  =  '^^•°^°- 
Solving,  Xi  =  9.8  ft.  from  right  end  of  footing.     C  =  7.77  ft. 

The  shear  and  moment  diagrams  have  been  plotted  in  accordance  with  the  above  instructions. 
The  shear  and  moment  values  at  the  critical  points  are  Usted  as  follows: 

ViL  =   ~    54,700  lb.  Ml  =   -645,000  in.-lb. 

ViR  =   +334,000  lb.  M2  =   -515,000  in.-lb. 

ViL  =  -410,000  1b.  Ma  =   +19,600,000  in.-lb. 

V-Ji  =  +   68,500  lb. 

Ma  =  19,600,000  in.-lb. 

,,  _       19,600,000  ,^„„ 

'^  ~  (i38)77:7"7)a2)  =  ^^^^'  **  =  ^^  '°- 

As  =  31.8  sq.  in.  =  thirty-two  1  sq.  in.  bars  in  2  layers. 
Total  depth  =  39  +  6  =  45  in. 
Actual  weight  of  the  footing  as  designed  is  91,000  lb.,  which  is  slightly  smaUer  than  the  assumed  weight. 
Diagonal  tension  need  not  be  investigated  in  this  problem. 
Considering  shear  at  the  right  face  of  column  1. 

V    =  304,500  lb.         V    =  134  lb. 
Vc  =    91,000  lb.         vc  =     40  lb. 


V  =  213,500  lb.  »'  =     94  lb. 
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The  1924  Joint  Committee  Specifications  permit  the  use  of  0.03 /c'  lb.  per  sq.  in.  as  the  allowable  unit  8hear 
stress  on  concrete,  provided  special  anchorage  of  the  longitudinal  steel  is  adopted.  This  report  further  requ: 
that  special  anchorage  of  the  longitudinal  steel  should  be  used  when  the  shearing  stress  exceeds  0.06  fc'  as  it  dot - 
this  case.     Special  anchorage  will  be  used  in  this  problem. 

V    =  304,500  lb.  V    =  134  lb. 

Vc  =  137,000  lb.  Vc  =     60  lb. 


V  =  167,500  lb.         v'  =     74  lb. 
5^-in.  round  stirrups  having  8  vertical  legs  will  be  used  and  spaced  a.s  shown  in  Fig.  50. 

Seven  bars  will  be  bent  down  near  the  columns  as  shown  and  hooked  for  anchorage.     The  bars  serve  as  suppt 
for  the  top  steel  in  the  footing  and  also  provide  negative  reinforcing  under  each  column. 

Shear  at  left  face  of  column  2  =  344,000  lb. 

"  =    /o^:^/■^^/o  oT^/or.\  =  ^^"  ^^-  P^i"  sq-  in.     UsB  deformed  bars. 

Cross  bending  at  column  2  need  not  be  considered  as  the  rigid  concrete  wall  will  distribute  the  load  at  that  e 
Bond  stress  will  control  the  number  of  bars  required  for  cross  bending  at  column  1. 
Try  twelve  ^i-iii.  round  rods. 


1 


(390,000)  (3.32) 


2        (12)  (2.36)  (0.87)  (41)  (5.32) 
Use  twelve  Ji-in.  round  bars  hooked  at  each  end. 


=  120  lb.  per  sq.  in. 


50c.   Continuous  Exterior  Column  Footings. — In  many  cases  where  we  have 
continuous  concrete  basement  wall  it  is  economical  to  use  the  basement  wall  as  an  invert 
beam  which  distributes  the  column  load  to  a  continuous  footing  of  a  relatively  small  width 
An  example  of  this  type  is  shown  in  Fig.  52.     In  the  example  which  follows  it  should 
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Fig.  52. 


noted  that  the  footing  is  concentric  with  the  column.     The  projections  on  either  side  of  the  w; 
will  consequently  vary. 

Illustrative  Problem. — Basement  story  column  load  =  480,000  lb.;  column  size,  30  X  30  in. 
Soil  pressure  =  4000  lb.     Columns  are  spaced  18  ft.  0  in.  on  centers. 
Basement  wall  per  linear  foot  =  9  ft.  X  16  in.  =  1800  lb. 
Footing  per  linear  foot  =  1600  lb. 


3400  lb.  per  lin.  ft. 
=  60,000  lb.  in  18  ft.  0  in. 


Total  load  =  540,000  lb. 
540,000 


Area 


-xoo(r=^3^«^-f'- 


«•  =  3560  lb. 
Using  the  value  of  0.6  Jt   for  a  2000-lb.  concrete  as  the  limiting  value  of  shear  with  web  reinforcement,  tb 

,  (7.5)  (15.5)  (3560) 


(2)  (120)  (0,87)  (122) 


16  in. 
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The  maximum  moment  in  the  longer  projection  of  the  footing. 

A/(max.)   =  (3560)  (^^')  (12)   =  288,000  in.-lb 

d  required  =  13.2  in.  use  18  in.     Depth  =  21  in. 

A,  =  1.02  sq.  in.     Use  five  >2-in.  square  rods  per  lin.  ft.  of  wall. 

With  (f  =  18  in.,  the  depth  available  to  resist  diagonal  tension  is  14.3  in. 

(2.17) (3560)  ^,  ^  ,, 

■n  =  --^ -^ V  =  51.5  lb.  per  sq.  in. 

(14.3)  (12)  (0.87) 

This  value  is  not  too  high  according  to  the  1924  Joint  Committee  report  provided  special  anchorage  of  the  rods 
s  adopted.     Use  hooks. 

Bond  =  _  (3-67)  (3560)      ^        ^^      ^      deformed  bars. 
(5) (2) (0.87) (18) 
rhc  maximum  moment  in  the  shorter  projection  of  the  footing. 

M(max.)   =  (3560)  (^')  (12)   =  134,000  in.-lb. 


Jnbalanced  M  =  288,000 


134,000  =  154.000  in.-lb. 

As  in  wall  =  0.70  sq.  in. 
As  shorter  side  =  0.47  sq.  in. 

End  shear  =  F  =  206,000  lb 
Vc  =  68.000    lb. 
V  =  138,000  lb. 
(80)(93) 


Point  where  no  web  reinforcement  is  required  = 


carried  by  concrete 
on  web  reinforcement. 

62  in. 


(138,000)  (62) 
(16,000)(0.87)(122)(2) 


(120) 
The  total  area  of  vertical  stirrups  required  to  resist  diagonal  tension  in  62  in. 
.5  sq.  in.  at  each  end. 

Use  stirrups  as  shown  in  detail. 

M  in  wall  beam  =  (7.5)  (3560)  (18)2  =  8,650,000  in.-lb. 
As  =  4.5  sq.  in.     Use  four  IJ-g-in.  square  rods. 

51.   Concrete  Raft  Foundations. — When  a  soil  of  low  bearing  value  is  encountered,  a  raft 
3r  mat  covering  the  entire  building  site  is  sometimes  economical.     This  type  of  foundation  is 


Fig.  53. 
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usually  more  economical  than  piles  when  conditions  permit  its  use.  The  raft  may  be  designed 
either  as  a  flat  slab  or  as  beam  and  slab  construction.  The  beam  and  slab  is  usually  more 
expensive  but  has  the  advantage  over  the  flat  slab  of  allowing  all  piping  below  the  basement  floor 
to  be  installed  after  the  foundation  work  has  been  completed.  Figs.  53  and  54  represent  a  cross 
section  through  these  two  types  of  raft  footings.  The  dead  weight  of  the  foundation  will 
balance  a  certain  amount  of  the  upward  soil  pressure  and  therefore  will  not  enter  into  the  slab 
design. 

In  the  flat  slab  type,  the  drop,  instead  of  occurring  above  the  floor,  is  constructed  below  the 
slab.  When  the  inverted  caps  at  the  bottom  of  the  columns  are  objectionable,  they  may  be 
eliminated  and  the  slab  increased  in  thickness  in  order  to  resist  the  increased  moments  and 
shears.  Where  the  size  of  the  basement  story  column  is  of  minor  importance,  a  large  column  or 
pier  could  be  adopted  in  this  story  thereby  materially  reducing  the  thickness  of  slab  and  the 
drop  required. 
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62.  Piers  Sunk  to  Rock  or  Hardpan.— When  column  loads  are  excessive,  the  use  of  piers 
sunk  to  rock  or  a  very  hard  formation  becomes  desirable.  It  has  been  found  that  where  the 
site  consists  of  a  soft  clay  or  other  material  of  comparatively  low  bearing  value  overh'ing  a  hard 
formation  at  a  depth  of  30  or  40  ft.,  these  piers  are  more  economical  than  piles  or  spread  footings. 
Such  piers,  which  are  commonly  called  caissons,  are  extensively  used  in  Chicago. 

If  a  2000-lb.  concrete  is  used,  the  Chicago  Ordinance  allows  a  stress  of  400  lb.  per  sq.  in.  on 
the  gross  section  of  the  caisson.     When  the  caissons  are  built  upon  hardpan,  the  bottom  is 

belled  out  so  that  the  bearing  on  the  hardpan 
does  not  exceed  12,000  lb.  per  sq.  ft.  The  weight 
of  the  caisson  does  not  enter  into  the  calculation, 
where  the  lagging  is  not  left  in  place,  since  skin 
friction  on  the  sides  of  the  caisson  has  been 
shown  by  test  to  be  adequate  to  support  the 
caisson  weight. 

53.  Reinforced  Concrete  Footings  on  Piles. 
When  a  soil  of  low  bearing  power  is  encount- 
ered and  a  raft  type  of  foundation  is  not  used, 
footings  of  the  same  types  as  designed  under 
Arts.  49  and  50  are  usually  supported  on  wooden 
or  reinforced  concrete  piles.  Piles  may  also  be 
used  under  raft  foundations  when  the  load  is 
exceedingly  heavy.  In  designing  a  footing  on 
piles  the  pile  loads  are  treated  as  concentrated 
loads.  Many  building  ordinances  require  that 
the  top  6  in.  of  the  piles  be  enclosed  in  concrete 
which  is  not  considered  as  contributing  to  the 
footing  strength.  This  footing  must  be  of  suffi- 
cient depth  safely  to  resist  diagonal  tension  at 
the  plane  of  critical  section  (see  Appendix  J). 
In  most  ordinances  wood  piles  are  figured  for  a 
maximum  load  of  20  tons  subject  to  test  loading. 
The  following  example  of  a  footing  sup- 
ported on  wooden  piles  is  designed  in  accordance 
with  the  1924  Joint  Committee  recommenda- 
tions (see  Fig.  55). 
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FiG.  55. 


Illustrative  Problem.— Column  load  =  885,000  lb.;  column  size,  36  in.  diameter. 
Allowing  10  %  for  the  weight  of  the  footing,  and  40,000  lb.  as  the  load  on  one  pUe. 

XT    .„u         c     -1  974,000        „,     .. 

Number  of  piles  =  -^q^qq    =  25  piles. 

With  piles  spaced  2  ft.  6  in.  on  centers  the  size  of  the  footing  will  be  12  ft.  6  in.  square. 
Use  a  cap  4  ft.  0  in.  X  1  ft.  0  in.  deep. 
Assume  an  effective  depth  (d)  of  53  in.  at  edge  of  cap. 

The  critical  section  for  diagonal  tension  occurs  on  the  inner  edge  of  the  outer  row  of  piles  in  this  case. 
Depth  available  for  resisting  diagonal  tension  =  di  =  36  in. 
Width  available  for  resisting  diagonal  tension  on  one  side  =  104  in. 
^  16  885,000     

25  ■    (4)  (104)  (0.87)  (36) 
4 


75^  =  43.5  lb.  per  sq. 


M 


A,  =  6.6  Bq.  in. 


(25)  (885,000)  (36)   +  (^)  (885,000)  (6)   =  5,525,000  in.-lb. 


Use  twenty-two  5i-in.  round  bars  in  each  direction. 
^  885.000 

25 


Bond 


=  107  lb.  per  sq.  in.      Use  hooks. 


(22)  (1.96)  (0.87)  (53) 
The  actual  weight  of  the  footing  and  cap  as  designed  is  87,000  lb.,  which  checks  the  assumed  weight. 

Concrete  piles  are  usually  spaced  about  3  ft.  0  in.  on  centers.  The  method  of  designing  the 
foundation  on  top  of  these  piles  is  similar  to  that  used  for  designing  footings  on  wooden  piles. 
The  load  per  pile  is  usually  much  greater,  however. 
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The  diagrams  of  pile  arrangements  given  in  Fig.  56  will  be  found  convenient.  The  spacing 
)f  the  piles  is  not  given,  as  the  designer  must  comply  with  the  local  ordinances  in  this  matter. 
54,  Steel  Beam  and  Girder  Footings.— Steel  beam  footings  are  not  now  used  to  any  great 
xtent.  The  footing  consists  of  tiers  of  steel  beams  placed  side  by  side  and  embedded  in 
oncrete,  as  shown  in  Fig.  4,  p.  118.  The  method  of  design  for  steel  beam  pier  footings  is 
loscribed  in  the  illustrative  problems  on  pp.  121 
uid  122.  Steel  girders  are  sometimes  used  in  com- 
bined and  cantilever  footings  of  this  type  to 
distribute  the  loads.  The  method  of  designing  a 
steel  girder  for  a  combined  footing  is  given  in  the 
illustrative  problem  on  p.  189. 


FLOOR  AND  ROOF  FRAMING— TIMBER 
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By  Henry  D.  Dewell 
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Floor  Construction. 

55a.  Thickness  of  Sheathing  and 
Spacing  of  Joists. — The  type  and  intended  use  of 
the  building  will  in  a  great  measure  determine  the 
general  arrangement  of  floor  system,  the  thickness 
of  sheathing,  and  the  approximate  spacing  of  joists. 
For  timber  floors  carrying  hght  loads,  as  dwelUng 
liouses,  apartment  houses,  schoolhouses,  and  office 
liuildings,  the  sheathing  is  usually  of  double  thick- 
ness, consisting  of  an  under  floor  of  rough  1  X  6-in. 
boards,  laid  diagonally  with  the  joists,  and  an  upper 
floor  of  J-s-in.  tongue  and  grooved  flooring.     The 
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Fia.    56. — Arrangement    of   piles    and   shapes 
footings. 
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joists  for  this  class  of  buildings  are  usually  2  to  3  in. 
nominal  thickness,  spaced  16  in.  on  centers,  and 

of  such  depth  as  is  necessary  for  strength  and  stiffness.  The  spacing  of  16  in.  for  the  joists 
must  be  maintained  when  a  ceihng  of  wood  lath  and  plaster  is  supported  from  the  under  side  of 
joists.  Usually,  the  span  of  the  joists  will  not  exceed  20  ft.  Floor  joists  2  X  8  in.  are  the 
smallest  size  that  should  ordinarily  be  used,  while  the  maximum  depth  for  a  2-in.  thickness 
should  not  exceed  16  in.  If  a  stronger  joist  than  a  2  X  16-in.  is  required,  the  thickness  should 
be  increased  to  3  in.  with  a  maximum  depth  of  18  in.,  or  the  spacing  decreased  to  12  in.  With  a 
ceihng  supported  from  the  floor  joists,  the  size  of  joists  must  be  sufficient  to  keep  the  deflection 
of  the  joists  when  fully  loaded  to  Heo  of  the  span  of  the  joists.  In  making  such  a  computation 
for  deflection  the  load  of  ceiling,  joists  and  bridging,  flooring,  and  any  partitions  is  considered 
as  the  constant  or  "dead"  load,  and  the  modulus  of  elasticity  used  should  not  exceed  %  that 
given  in  Appendix  G  for  the  particular  kind  of  timber  used.  The  deflection  for  live  load 
is  computed,  using  the  full  value  of  the  modulus  of  elasticity.  The  total  deflection  to  be  expect- 
ed is  the  sum  of  the  two  partial  deflections. 

In  buildings  where  floors  carry  much  heavier  loads,  as  warehouses,  lofts,  etc.,  the  flooring  is  usually  IK  in. 
thicli  as  a  minimum.  If  such  a  building  has  no  ceiling,  the  spacing  of  joists  may  profitably  be  increased  over  16  in. 
In  general,  the  most  economical  floor  will  occur  with  short  spans  for  joists  and  girders,  and  consequently  small-size 
joists.  On  the  other  hand,  many  other  factors  enter  which  may  warrant  longer  spans  for  both  joists  and  girders, 
and  the  most  important  of  these  factors  is  the  advantage  of  having  as  few  posts  inside  a  building  as  possible.  In 
the  framing  of  the  first  floors  of  buildings  where  such  floors  are  but  a  few  feet  off  the  ground,  it  will  usually  be  found, 
for  example,  that  for  a  live  load  approximating  100  lb.  per  sq.  ft.,  the  most  economical  system  of  framing  will  be 
6  X  6-in.  posts,  6  X  8,  or  6  X  10-in.  girders,  2  X  8-in.  joists,  the  floor  bays  being  approximately  10  X  10  ft.  In 
the  above  statement,  it  is  assumed  that  the  footings  rest  on  the  soil;  for  pile  foundations  the  situation  would  "be 
entirely  different.     In  the  latter  case  economy  will  dictate  the  use  of  long  spans  to  utilize  the  full  capacity  of  pile. 

Comparing  2-in.  joists  with  3-in.  joists  of  equivalent  strength,  it  may  be  pointed  out  that,  since  the  actual 
finished  thickness  of  a  3-in.  joist  when  surfaced  one  side  is  2J3  in.,  and  the  finished  thickness  of  a  2-in.  joist  is  1  Jg-in., 
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the  loss  of  strength  by  surfacing  is  18.75  %  in  a  2-in.  joist  and  12.5  %  in  the  3-in.  joist,  or  an  economy  of  6  25  %  fo; 
the  3-in.  joist,  although  the  price  of  the  3-in.  timber  will  be  slightly  higher  than  the  2-in.  stock.  Only  a  comparisoi 
of  several  schemes  for  an  actual  case  will  indicate  the  cheapest  construction. 

For  proper  spiking  the  thickness  of  joist  should  be  somewhat  greater  than  the  thickness  of  single  floor  spikinj' 
to  It.     Using  floor  boards  of  2-in.  thickness,  the  joists  should  be  3  in.  thick. 

556.  Bridging.— Bridging  consists  of  timbers  placed  between  joists  to  supporl 
them  laterally.     Bridging  is  either  solid  or  of  the  cross  or  herring-bone  type.     The  latter  method, 
shown  in  Fig.  57,  is  the  more  efTective  of  the  two  types,  since  \\ 
not  only  supports  the  joists  laterally;  but,  in  the  event  that  a  con^ 
centrated  load  comes  on  one  joist,  the  bridging  will  effectively  assist 

Fxo.  57.-Detail  of  herring-      ^^^  ^^°f  ^  ^"  distributing  a  portion  of  the  load  to  the  joists  a1 
bone  bridging.  either  Side. 

For  joists  2  X  10  in.  and  under,  cross  bridging  1  X  4  in.  orl  X  3  in.  wiU  be  sufficient.  For  joists  2  X  12  in., 
and  larger,  the  cross  bridging  should  be  at  least  2X3  in.,  and  for  the  larger  sizes  of  joists    2  X  4  in 

..  rfZ^'t  ''"^^'"S  <^°""'«*^  °^  '"«''««  °f  Pl'^nks  of  the  same  depth  as  the  joists,  cut  and  fitted  between  the  joists.) 
bolid  bridging  should  never  be  less  than  2  in.  thick. 

All  bridging  should  be  neatly  and  snugly  fitted  between  the  joists  and  well  nailed  thereto.  It  should  be  con- 
tinuous throughout  a  line  of  joists  having  a  common  span.  Cross  bridging  should  be  placed  at  intervals  not  tc 
exceed  8  tt.     All  joists  should  be  solid  bridged  over  supports. 

55c.  Arrangement  of  Girders.-With  a  rectangular  floor  bav,  the  economical- 
arrangement  of  girders  and  joists  is  to  make  the  girders  span  the  short  side  of  the  rectangle; 
The  joists  taking  the  longer  span. 

For  general  stiffness  of  the  building,  the  girders,  where  possible,  should  run  parallel  to  the- 
transverse  axis  of  the  building.  It  may  be  advisable,  if  clearances  will  permit  to  use  knee^ 
braces  from  girders  to  columns,  but  in  any  case  the  span  of  girder  should  alwavs  be  taken  as  the 
distance  between  center  hues  of  end  bearing  on  columns  or  walls.  Ivnee  braces  should  prefer- 
ably be  fitted  or  attached  to  girders  and  columns  after  the  full  dead  load  of  floor  is  in  place- 
otherwise  even  the  sUght  deflection  of  girder  may  put  heavy  bending  stresses  in  the  columns! 

Openings  for  stairs,  etc.,  make  the  case  of  non-uniform  loading  more  Ukely  to  be  encountered  in  the  case  of 
floor  girders  than  in  the  case  of  joists. 

If  double  girders  are  necessary,  an  air  space  should  be  left  between  them,  and  the  two  girders  connected  at 
short  intervals,  say  2  ft.,  by  pairs  of  bolts,  using  cast-iron  separators  between  the  girders.  This  air  space  is  ne-es- 
sary  to  prevent  dry  rot  taking  place,  although  for  fire  protection,  such  air  space  is  undesirable. i 

55J.  Connections  to  Columns.— To  prevent  the  girders  in  faUing  from  pulUng 
the  columns  with  them  in  case  of  fire,  standard  practice  recommends  that  the  attachment  of 
girders  to  columns  be  made  self-releasing.  The  writer  beUeves,  however,  that  in  the  event  of  a 
fire  serious  enough  to  burn  through  the  girders,  the  interior  posts  of  the  building  are  almost 
certain  to  fall.  For  this  reason,  where  it  is  necessary  to  secure  lateral  stiffness  in  a  building 
he  beUeves  it  well  to  design  the  connections  of  girders  to  columns,  and  joists  to  columns  rela^ 
tively  strong,  providing  continuity  across  the  columns.  Details  of  such  connections  are  dis- 
cussed in  Sect.  2,  Art.  123. 

55e.  Connections  to  Wails.— All  girders  and  joists  entering  masonry  walls  should 
rest  upon  steel  or  iron  bearing  plates,  well  painted.  An  air  space  should  be  left  around  the 
ends  of  joists  and  girders.  In  order  to  allow  the  girders  or  joists  to  fall  without  pulUng  the  walls 
over  in  case  of  fire,  the  ends  of  the  timbers  are  usually  cut  back,  as  in  Fig.  58.  For  tying  the 
girders  and  joists  into  the  walls,  iron  or  steel  anchors  are  used,  as  illustrated  in  Fig  58  These 
anchors  should  be  approximately  M  X  Hi-m.  straps,  one  end  forged  into  a  lug  to  fit  into  a 
notch  m  the  upper  side  of  girder.  The  portion  within  the  wall  may  be  bonded  into  the  masonry. 
Sometimes  an  anchor  consisting  of  a  round  rod  is  passed  through  the  wall,  and  is  fitted  with  an 
exterior  ornamental  cast-iron  washer  on  the  outside.  The  other  end  of  the  rod  may  be  forged 
into  a  flat  strap  with  a  lug  as  before. 

'In  mill  construction,  this  air  space  is  con.sidcred  objectionable  by  many  since  it  forms  a  conce.aled  space, 
which,  in  tho  event  of  fire,  cannot  be  reached  by  water  from  the  sprinklers 

d 


hi: 


Sec.  3-55e] 


Every  girder  should  be  anchored  into  the  wall.  In  the  case  of  joists,  at  least  every  sixth  joist  should  be  so 
nchored.     Building  ordinances  usually  prescribe  in  detail  the  size  and  arrangement  of  wall  anchors. 

Joists,  closely  spaced,  entering  a  masonry  wall  weaken  the  walls.  Further,  unless  very  careful  inspection  is 
naintained,  one  can  never  be  certain  that  proper  air  spaces  will  be  left  around  the  timbers  entering  the  wall.  For 
his  reason,  there  have  been  developed  wall  boxes,  made  of  malleable  iron,  steel,  and  cast  iron,  which  insure  an  air 
pace  around  the  joist  or  girder,  and  at  the  same  time  allow  the  timber  to  be  self-releasing  in  case  of  fire.  The  tie 
)etween  timber  and  wall  is  secured  by  a  lug  on  the  base  of  the  anchor  which  engages  a  notch  on  the  under  side  of 
oist  or  girder.     Typical  box  anchors  are  shown  in  Figs.  59  to  62  inclusive.     Fig.  63  shows  a  Duplex  wall  plate. 


Fia.  58. — Details  of  connections —         Fia.  59. — Van  Dorn  box  anchor, 
timber  joists  to  brick  walls. 
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Fia.  60. — "Ideal"  wall  box. 


Fig.  61. — Lane  wrought  steel  wall  box.  Fig.  62. — Duplex  wall  box. 


Fig.  63. — Duplex  wall  plate. 


Fig.  64.  Duplex  wall  hanger. 


Fig.  65. — "Falls"  joist  hanger. 


A  third  method  for  support  of  joists  and  girders  is  the  wall  hanger  shown  in  Figs.  64  and  65.  With  the  wall 
langer,  no  hole  is  left  in  the  wall.  Since  the  joists  and  girders  with  this  device  extend  only  to  the  inner  surface  of 
he  wall,  a  saving  in  timber  is  made.  Since  lumber  comes  in  lengths  of  multiples  of  2  ft.  only,  the  use  of  the  wall 
langer  as  compared  to  the  box  anchor  may  mean  a  saving,  in  many  cases,  of  2  ft.  in  the  length  of  timber — a  very 
jonsiderable  item. 

From  the  standpoint  of  fire  hazard,  it  is  desirable  that,  in  the  event  of  fire,  the  floor  joists  will  fall,  without 
ulling  the  walls  with  them.     For  this  reason,  a  detail  of  anchorage  that  is  "self-releasing  "  is  usually  recommended. 

From  the  standpoint  of  the  resistance  of  buildings  to  windstorms  and  earthquakes,  it  is  very  important  that 
he  joists  and  floors  be  well  tied  together,  and  into  the  walls,  so  that  the  whole  building  may  act  as  a  unit  in  furnish- 
ng  resistance  to  the  lateral  forces  of  wind  and  earthquake. 
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56.  Typical  Floor  Bay  Design. — The  following  example  will  illustrate  the  necessary 
computations  for  designing  the  joists  and  girders  of  a  typical  floor  bay.  The  framing  plan  oi 
the  bay  is  shown  in  Fig.  66. 

Data:  Office  floor;  partitions  2X4  in.,  plastered  both  sides,  12  ft.  high;  flooring  double,  under  floor  rougt 
1X6  in.,  upper  floor  1X4  in.,  T  &  G;  ceiling  plastered;  joists  16  in.  on  centers;  live  load  for  joists,  601b.  pel 
sq   ft.;  live  load  for  girders,  48  lb.  per  sq.  ft.;  live  load  for  stairs,  75  lb.  per  sq.  ft. 

For  approximate  dead  load,  call  flooring  2  in.  thick  at  3  lb.  per  board  foot;  assume  joists  2X16  in. — 16  in.  OE 
centers;  allow  1  lb.  per  sq.  ft.  for  bridging;  assume  plaster  ceiling  weight  5  lb.  per  sq.  ft.;  assume  girder  weight  as  £ 
lb.  per  sq.  ft. 


HI ]j[r 

Fig.   C6. — Framing  plan  of  typical  floor. 


Timber:  Douglas  fir,  dense  structural  grade,  all  timbers  to  be  taken  as  SISIE,'  working  stress  1800  lb.  pel 
sq.  in.  in  flexure  and  175  lb.  in  horizontal  shear. 


Loadings: 

Joists 

Flooring 6 

Joists 6 

Bridging 1 

Ceiling ' 5 

Girder 0 

Total  dead  load 18 

Li  ve  load 60 

Total  dead  and  live  load 78  lb.  per  sq.  ft. 


Girders 


20 
48 

68  lb.  per  sq.  ft. 


Typical  Joist  ^.— Span  20  ft.;  load  =  (20)(1>^)(78)  =  2080  lb.  From  Table  7,  p.  110.  it  is  found  that  a  2 
X  12-in.  joist  on  a  20-ft.  span  will  carry  2149  lb.,  limited  by  bending.  The  load  producing  a  deflection  of  J-so  in. 
per  foot  of  span  is  1236  lb.,  so  that  a  deeper  joist  must  be  chosen.  Since  for  dead  load  a  modulus  of  elasticity  may 
be  used  of  only  'j-i  of  that  used  for  live  load,  the  dead  load  of  18  lb.  per  sq.  ft.  will  be  multiplied  by  the  factor  % 
giving  24  lb.  per  sq.  ft.,  making  a  total  loading  of  84  lb.  per  sq.  ft.;  and  a  total  load  of  2240  lb.  to  be  considered  as 
producing  deflection.  Again,  entering  the  tables  it  is  found  that  the  safe  load  for  a  2  X  14-in.,  as  limited  by  deflec- 
tion, is  2153  lb.  This  load,  while  slightly  under  the  required  loading,  will  be  taken  as  satisfactory,  and  2  X  14-in. 
joists  used. 

'  Surfaced  one  side  and  one  edge. 


r 
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Table  1. — Stud  Paktitions' 

Weight  and  strength  based  on  actual  size 

Board  measure  based  on  nominal  size 

Add  weight  of  plaster  or  ceiling 

389 

Single  plate  top  and  bottom  included,  same  size  as  studs 

Safe  Lc 

AD  Based  on  Studs  Being  Bridged  at  Center 

Nominal  size 

Actual  size 

Distance 

on  centers 

(inches) 

Height  (feet) 

Per  linear  foot  of  pa 

■tition 

Safe  load* 

Weight 

Board 

(pounds) 

(pounds) 

feet 

2X4 

lya  X  3H 

12 

8 

'  3,723 

16.30 

6.66 

12 

10 

2060  ]  3,180 

19.56 

8  00 

12 

12 

2,631 

22.82 

9.33 

16 

8 

f  2,793 

13.04 

5.33 

16 

10 

1540  ]   2,385 

15.50 

6.33 

16 

12 

i  1,974 

18.00 

7   33 

2X6 

IH  X  5H 

12 

8 

f  5,767 

25.30 

10.00 

12 

10 

3200  ]  4,926 

30  56 

12.00 

12 

12 

[  4,076 

35.42 

14.00 

16 

8 

(  4,326 

20.24 

8.00 

16 

10 

2400  ]   3,699 

24.03 

9.50 

16 

12 

[  3.057 

27.83 

11.00 

2M  X  6 

2H  X  5>i 

12 

8 

'  9,079 

34.30 

12.50 

12 

10 

4330  ]   8,250 

41  .16 

15.00 

12 

12 

.  7,422 

48.02 

17.50 

16 

8 

[  6,808 

27.44 

10.00 

16 

10 

3250  \   6,187 

32.59 

12.00 

16 

12 

[  5,566 

37.73 

13.75 

3X6 

2?4  X  5>2' 

12 

8 

f  11,823 

42.00 

15.00 

12 

10 

5300  ]    10,992 

50.40 

18.00 

12 

12 

[  10,175 

58.80 

21  .00 

16 

8 

[  8,868 

33.60 

12.00 

16 

10 

3970  \  8,244 

39.90 

14.25 

16 

12 

[  7,630 

46.20 

16.50 

2X8 

l?g  X  7H 

12 

8 

■  7,692 

33.80 

13  .33 

E« 

12 
12 

10 
12 

o,43b 

40.56 
47.32 

16.00 
18.66 

12 

14 

[  4,315 

54.08 

21  .33 

16 

8 

f  5,769 

27.04 

10.66 

16 
16 

10 
12 

-"::'»?? 

32.11 
37.18 

12   66 
14.66 

16 

14 

[  3,236 

42.25 

16.66 

2H  X  8 

2>i  X  7>$ 

12 

8 

f  12.382 

46.80 

16.66 

12 

10 

-« his 

56.16 

20.00 

12 

12 

65.52 

23.33 

12 

14 

[    9,008 

74.88 

26.66 

16 

8 

f  9,286 

37.44 

13.33 

16 

10 

"»   S" 

44.46 

15.83 

16 

12 

51.48 

18.33 

16 

14 

[  6,756 

58.50 

20.83 

3X8 

2?i  X  7y2 

12 

8 

(  16,124 

57.20 

20  00 

a 

12 

10 

7220      ^^'^^O 

68.64 

24   00 

fl  1S 

12 

12 

'^"'"l   13,877 

80.08 

28  00 

(|ia 

mil 

12 

14 

[  12,743 

91  .52 

32.00 

r1 

16 

8 

f  12,093 

45.76 

16  00 

^a 

16 

10 

5420      l^'^^^ 
1    10,408 

54   34 

19   00 

fe 

16 

12 

62  92 

22   00 

t-ii 

16 

14 

[     9,557 

71   50 

25   00 

1  From  the  S( 

)uthern  Pine  Man 

ual  (modified). 

*  Safe  loads  i 

a  first  column  as 

imited  by  bearing  on  top  and  bottom  plates 

It  350  lb.  per  sc 

.  in.     Safe  loads 

a  second  column 

as  limited  by  col 

limn  action  (Winslow's  formula  with  p  =  100 

3  lb.  per  sq.  in. 

). 
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Typical  Joist  B. — Since  the  ceiling  must  be  continuous,  tlie  same  size  of  joists  will  be  continued  for  the  shorter 
span. 

Header  H. — The  load  coming  on  this  beam  from  the  floor  is  a  girder  load.  Consequently,  the  uniformly  dis- 
tributed floor  load  =  (14) (8) (68)  =  7610  lb.  The  partition  luxnber  will  weigh  18  lb.  per  lin.  ft.  (see  Table  1). 
Adding  plaster  for  two  sides  at  5  lb.  per  sq.  ft.  per  side,  gives  a  total  lodd  per  linear  foot  of  18  +  (12)  (10)  =  138  lb. 
The  partition  load  on  the  header  therefore  =  (14)(138)  =  19301b.  Total  load  on  header  =  95461b.  From  Tak)le 
9,  p.  113,  it  is  found  that  a  4  X  14-in.  timber  on  a  14-ft.  span  will  carry  9764  lb.  in  bending,  and  9415  lb.  as  limited 
for  deflection.     Again  reducing  the  dead  load  to  equivalent  live  load,  we  have, 

(14)(8)(20)(1H)   =     2,987 

(1930)(1>^)   =     2,570 

Live  load  =  (14)  (8)  (48)   =     5,370 

10,027  lb. 
This  load  is   16  %   in  excess  of  the  limiting  load  for  deflection  for  a  4  X  14  in.     On  the  other  hand,  the  safe  load 
as  limited  by  deflection  for  a  6  X  14  in.  is  13,808  lb.,  which  is  47%  too  heavy,  and  the  actual  span  is  13  ft.  8  in. 
instead  of  14  ft.  0  in.     A  4  X  14  in.  will  therefore  be  used. 

Trimmer  C— Uniform  partition  load   =  (138)  (20)   =  2760 

All       (20K1H)(78) 
Uniform  floor  load  = ^ =  1U4U 

Total  uniform  load  =  3800  lb. 
Since  there  is  a  concentrated  load  on  this  header,  also  a  portion  of  a  uniform  load,  in  addition  to  the  uniform  flooi 
load    figured  above,    we  will  compute  the  maximum  bending  moment.     Fig.   67  represents  the  actual  loading! 
diagrammatically. 

I 

1^ 


^  fe^^^^^Z//7//gr777/ggo:  <g-?g/A^ySN^^ 


'///////////AUniform  load 3300 lb.  '///////////A 


^-(f\ 


-l6'-0'- 


-eo-0' 


605Zlb. 


33541b. 


Fig.  07. — Diagram  of  loads  on  Trimmer  C. 


The  live  load  acting  as  a  concentration  (the  reaction  of  Header  //)  is  a  girder  load  for  which  a  20  Tc  reductio 
may  be  taken  from  the  live  load  for  joists. 
The  concentrated  load  at  P  is,  therefore, 

Floor  =  (7)(S)(6S)       =  3810 

Partition  =  (13S)(7)   =     966 

4776  lb. 
The  portion  of  uniform  load  on  the  trimmer  not  yet  considered  =  (78)(16)(?i)  =  8301b. 
Bending  moments  and  reactions: 
Uniform  load  of  3800  lb. 

M  =  (>i)  (3800)  (20)  =  9500  ft.-lb. 
Ki  =  i?2  =  1900  lb. 


Concentrated  load: 


Small  uniform  load: 


Ui  = 
Ri  = 

M  = 


(4776)  (16) 
20 

(4776)(4) 

20 


3820 
956 


4776  lb. 
(3820) (4)     =  15,280  ft.-lb. 

/J,  =  »i«L  =  3321b. 
^,=  (83(Mil2)^^ggj^_ 

M  =  (332)(4)  =  1328  ft.-lb.  (approximately) 
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Fig.  68  ahowa  the  bending  moment  curves  plotted  graphically. 

The  construction  of  the  parabola  of  uniform  moments  is  simple,  a  rectangle  being  erected  on  the  span  with  a 
eight  of  9500  ft.-lb.  to  scale.  The  ends  and  half  spans  arc  divided  into  the  same  number  of  equal  parts  (in  this 
ase  4),  ordinates  erected  on  the  span  length  at  these  division  points,  and  radiating  lines  drawn  from  the  center 
f  upper  side  of  rectangle  to  the  division  points  on  the  sides.  The  intersection  of  corresponding  radiating  lines  and 
rdinates  fix  points  on  the  parabola.  The  triangle  of  moment  for  the  concentrated  load  is  indicated  by  the  dotted 
This  triangle  is  increased  for  the  moment  of  the  small  uniform  load  (increase  in  moment  =  1328  ft.-lb. 
t  a  point  4  ft.  from  left  support).  The  moment  of  the  small  load  is  also  computed  at  a  point  8  ft.  from  the  right 
nd   of   trimmer.       M  =   (12)  (332)   —  ^     ^  ^  ^X  Trimme'r  D— 

,)(4i5)  =  2324  ft.-ib.   The  ordinate  I'SZiform^f^^^^^^^  lu^fyrmload oufy 

o  the   triangle   of   the  moment  of  P  tOtal  UniTOrm  lOOU  Ul  JUW  tu.      ; 

!  therefore  increased  by  1328  ft.-lb., 

nd  the  full   line  drawn  to  represent 

he  increased  bending  moment,  pass- 

ig  through   the    point  8  ft.  from  left 

upport  that  represents  the  increased 

rdinate  of  1328  ft.-lb. 

From  the  diagram,  the  maximum 
■ending  moment  is  22,080  ft.-lb. 
lince  the  depth  of  floor  construction 
}  limited  to  14  in.,  it  is  evident  from 
he  computations  for  the  joists  that  a 
ber  stress  of  1800  lb.  per  sq.  in.  can- 
lot  be  used  without  exceeding  the 
llowed  deflection.  In  the  case  of 
oist  "  A  "  a  2  X  14-in.  joist  was  used 
i'hen  for  strength  a  2  X  12  in.  was 
ound  to  be  satisfactory.  The  ratio 
if  the  strengths  of  these  two  joists  is 
190/2149. 
t).  per  sq.  in.      A  fiber  stress  of  1200  lb.  per  sq.  in.  will  therefore  be  used  for  an  approximate  solution.     Entering 


■Trimmer  c - 
^.     Moment  of  con- 
f  Generation  (fW/b) 
plus  momenf  offvW 
^parM  /oacf.  of  630  lb. 
(Trimmer  C-  Mpmenf-of 
\concenfn7/-ion  (4776  iioj. 


■•■Trimmer  D- 

p^omenf  of  concenrrarion 

Fia.  6S. — Diagram  of  bending  moments  for  Trimmers  C  and  D. 
In  other  words,  the  fiber  stress  in  the  2  X  14-in.  joist  approximately  =  (2149/3190)  (1800)   =  1215 


Table  6,  p.  108,  we  find  that  an  8  X  14-in.  beam,  sized  to  7>2  X  13>2.  has  at  1200  lb.  per  sq.  in.  a  safe  resisting 
oment  of  22,781  ft.-lb.,  which  is  satisfactory. 

Trimmer  D. — The  calculations  for  Trimmer  D  are  similar  to  those  for  Trimmer  C.  No  uniform  partition  load 
ccurs  on  the  trimmer.  However,  there  exists  a  stair  load  at  the  left-hand  end.  The  dead  and  live  load  for  the 
tairs  will  be  assumed  at  75  lb.  per  sq.  ft.  [  (L.  L.  75)  (80%)  +  (D.  L.  15)1  =  75  lb.  per  sq.  ft.  The  reaction  of  the 
tairs  will  therefore  =  (7)  (4)  (75)  =  2100  lb.,  carried  by  two  stringers.  Only  the  reaction  of  one  stringer  applied 
ft.  out  from  the  left  end,  need  be  considered.  This  concentration,  added  to  the  concentration  from  Header 
J,  gives  a  total  concentration  of  4776  -|-  1050  =  5826  lb. 

For  simplicity  it  will  be  assumed  that  Trimmer  C  takes  a  load  equal  to  that  of  Joist  "A,"  or  2080  lb. 
M  =  (>^)  (2080)  (20)  =  5200  ft.-lb.     7?i  =  i?2  =  1040  1b. 

Concentrated  load: 

(5826)(16) 


Ri  = 


i?2  = 


20 

(5826)  (4) 


=     4660  lb. 


=     1165  lb. 
=  18,640  ft.-lb. 


20 

M  =  (4660)  (4) 

The  diagram  for  bending  moments  is  shown  by  the  dot  and  dash  lines  in  Fig.  68.    The  maximum  bending 
noment  is  approximately  22,800  ft.-lb.,  so  an  8  X  14-in.  timber  will  be  used.  ,^-„r,xM  i^\ 

1   1    i_         -    XI-       f         (5700)  (l>i) 
The  maximum  vertical  shear  is  5700  lb.    The  maximum  intensity  of  horizontal  shear  is  therefore  (71^)^31^) 

86  lb.  per  sq.  in.,  which  is  well  within  the  permissible  unit  stress. 

57.  Roof  Construction. 

57a.  Thickness  of  Sheathing. — Except  in  mill  construction,  the  thickness  of 
oof  sheathing  is  seldom  over  1  in.  nominal,  or  1  ^^e  in-  finished.  For  roofs  with  a  finish  of  tar 
)r  asphalt  and  gravel,  or  prepared  roofing,  either  built  up  on  the  job  or  ready  roofing,  the  sheath- 
ng  should  be  dressed  and  matched  and  of  good  quality,  not  less  than  No.  2  Common.  The  span 
)f  sheathing  of  this  size  is  usually  Hmited  by  deflection,  rather  than  strength,  although  the 
itrength  should  always  be  investigated.  Roofs  are  always  walked  upon  at  some  time  or  another, 
md  appreciable  deflection  of  the  sheathing  will  tend  to  break  off  the  tongues  of  tongue-and- 
jro.oved  lumber.  Shiplap,  instead  of  tongue-and-grooved  lumber,  may  be  used.  The  two 
lections  are  shown  in  Figs.  69  and  70. 

57b.  Spacing  of  Roof  Joists. — If  the  roof  joists  support  the  ceiling  also,  their  spacing 
ihould  not  exceed  16  in.,  as  this  is  the  limiting  span  for  wooden  laths  with  plaster  ceiling. 
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On  the  Pacific  Coast,  where  no  snow,  or  at  most  verj^  light  snow  occurs,  the  spacing  of  roo  ^ 
joists,  when  no  ceiling  must  be  provided  for,  is  commonly  taken  at  24  in.,  and  in  cheap  coni 
struction  the  spacing  is  made  32  in. 


■*^lftf 


Ml 


^iRe 


FT 

X 


Fia.  69. — Section  of  1  X  4-in.  tongue  and 
grooved  flooring. 


Fig.  70. — Section  of  2  X  6-in.  shiplap. 


Detail  of  typical  roof  bracing  truss. 


57c.  Arrangement  of  Girders  or  Trusses. — The  arrangement  of  girders  anc  ^^ 
trusses  is  a  matter  worthy  of  study  in  any  building.  Usually  there  are  requirements  of  interio  t 
arrangement  which  dictate  the  spacing  of  columns.  \ 

Trusses  are  most  economically  spaced  at  approximately  16  to  20  ft.  Three  methods  o  ^ 
framing  the  roof  joists  or  rafters  may  be  adopted:  (1)  Supporting  the  joists  directly  on  th  ^ 
upper  chords;  or  (2)  placing  roof  girders  or  purlins  at  the  panel  points  of  the  trusses  anr 
spanning  the  bays  between  purlins  by  light  rafters;  or  (3)  providing  purlin  trusses  at  certain  pane 

points    and    spanning    between    thi  7 
purlin    trusses    by    means   of   rathei  J, 
heavy  rafters,  or  roof  joists.      Therf7 
are,  naturally,  advantages  and  disad 
vantages  to  each  system.      Consider 
ing  vertical  loads  above,  the  particula 
building  involved  may  carry  with  i 
some  special  reason  for  adopting  on 
method  in  preference  to  the  otherrl-' 
From  the  standpoint  of  cost  alone,  i  i 
will  usually  be  found  upon  investigai 
tion,  that,  if  the  different  systems  are  designed  correctly  and  consistently,  there  will  be  httli 
difference  in  cost.     In  some  localities,  the  relatively  high  price  of  steel  compared  to  lumbe 
may  warrant  a  minimum  of  truss  work  and  the  employment  of  larger  sizes  of  lumber.     I  ■, 
other  localities  the  cost  of  securing  the  larger  sizes  of  joists  may  make  small  spans  advisable.     Nfe  i 
hard  and  fast  rule  can  be  laid  down. 

bid.  Bracing  Trusses. — Bracing  trusses  are  a  necessity  in  long  truss  spans  -' 
in  fact,  the  writer  recommends  that  all  roof  trusses  over  20-ft.  span  be  provided  with  at  leas 
one  bracing  truss,  and  that,  in  general,  ^ 

bracing  trusses  be  placed  at  a  spacing   e-ejt/e'-3'-o'Sp//ces -^_  z-B'j^/erffo^joisk 

not  greater  than  15  or  16  ft.  The  brac- 
ing trusses  may  be  utilized  as  purlin 
trusses  if  properly  proportioned.  They 
should  be  of  the  full  depth  of  the  main 
truss,  and  well  connected  thereto.  The 
compression  chord  of  a  main  roof  truss 
needs  to  be  supported  laterally  for 
column  action;  the  lower  chord  should 
also  be  stayed  laterally  for  general  stiff- 
ness of  the  building,  if  for  no  other 
reason.  Such  bracing  trusses  may  be  made  up  of  dimension  lumber  and  spiked  or  boltft  ^ 
together,  and  thus  give  a  comparatively  cheap,  and  at  the  same  time,  effective  constructior  tn 
A  typical  example  of  such  a  bracing  truss  is  shown  in  Fig.  71.  Attention  is  called  to  thj^- 
"T"  section  of  chords,  also  to  the  details  for  connection  to  the  main  trusses 

Another  method  for  providing  general  stiffness  in  the  roof  framing  is  shown  in  Fig.  75 
In  this  detail  the  roof  joists  are  doubled  at  certain  intervals;  braces  or  struts  are  framed  b<|j. 


FiQ.  72. — Knee  brace  system  of  truss  bracing. 
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'een  the  double  joists,  and  the  bottom  of  these  struts  fitted  against  and  attached  to  the  lower 
ords  of  the  truss. 


The  actual  stresses  coming  upon  a  bracing  truss  are  usually  indeterminate.  With  study  of  the  roof  framing 
m,  however,  a  definite  scheme  of  wind  bracing  may  be  provided,  in  which  the  bracing  trusses  will  play  a  vital 
rt.  The  whole  roof,  or  one  side  of  the  roof,  may  be  regarded  as  a  horizontal  beam,  or  truss,  transferring  the  wind 
ictions  delivered  thereto  from  the  side  walls  to  the  end  walls,  or  to  columns  and  walls.  Following  out  this 
leme,  diagonal  rods  may  be  placed  in  the  plane  of  the  upper  chords  of  the  roof  trusses. 

Fig.  73  shows  an  arrangement  of  roof  trusses,  bracing  trusses  and  diagonal  rods  for  an  assumed  small  build- 
;  of  the  miil-building  type.  When  the  length  of  a  building  is  three  or  more  times  its  breadth,  and  such  building 
only  moderately  high,  the  diagonal  rods  may  very  frequently  be  omitted  in  some  of  the  outer  side  bays.  It  may 
ID  be  possible,  without  endangering  the  rigidity  of  the  building,  to  make  some  of  the  lines  of  bracing  trusses  non- 
ntinuous  throughout  the  length  of  the  building.  For  example,  in  Fig.  73,  were  the  building  twice  as  long  as  shown, 
might  be  entirely  consistent  with  safety  to  omit  alternate  bracing  trusses  in  the  first  and  third  lines,  keeping  the 
Qter  line  of  bracing  continuous.  It  must  be  obvious  that  the  exact  arrangement  of  bracing  in  a  roof  is  almost 
tirely  a  matter  of  judgment,  but  judgment  based  on  an  understanding  of  the  fundamental  principles  of  structural 
Bchanics  and  experience  in  design  and  construction.  While  it  is  granted  that  the  actual  stresses  in  a  roof  due  to 
nd  are  impossible  to  find,  an  assumption  of  a  reasonable  wind  pressure  and  a  definite  and  logical  system  of  brac- 
consistently  followed  out  in  all  details  will  insure  a  much  safer  structure  than  a  "  hit-or-miss  "  or  "  rule-of-thumb" 
ocedure,  and  will  also  result  in  a  more  economical  building  than  one  composed  of  heavier  sections,  poorly  braced. 
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Fig.  73. — Diagrammatic  plan  of  typical  roof  bracing.  Fig.  74. — Typical  details  of  connection  of 

bracing  rods  to  upper  chord  of  roof  truss. 

Two  typical  details  of  connections  of  such  diagonal  rods  to  the  roof  trusses  are  shown  in  Fig.  74.  In  Fig. 
t(a)  the  rods  are  passed  through  holes  bored  diagonally  through  the  chord,  and  fitted  with  special  beveled  cast- 
on  washers.  In  Fig.  74(6)  a  steel  plate  is  lag-screwed  to  the  chord,  and  connection  between  plate  and  rods  is 
icured  by  means  of  clevises  and  pins.  If  the  roof  joists  are  supported  directly  upon  the  upper  chord,  these  plates 
ill  probably  have  to  be  attached  to  the  lower  side  of  chord.  In  such  a  case,  the  plates  should  be  fastened  to  the 
lord  while  the  truss  is  on  the  ground.  It  may  be  taken  for  granted  that  such  connection,  if  made  after  the  truss  is 
■ected,  will  be  poor.  It  is  difficult,  at  best,  to  make  a  carpenter  screw  lag-screws  into  place,  and  it  is  almost  cer- 
lin,  if  placed  by  a  man  on  a  scaffold,  that  the  work  will  be  poorly  done. 

Obviously,  the  system  of  diagonal  bracing  rods  just  described  may  be  placed  in  the  plane  of  the  lower  chcrds 
■  the  trusses,  provided  that  bracing  trusses  exist  to  form  the  chords  of  the  wind  resisting  truss.  Provision  must 
e  made  for  supporting  the  rods  to  prevent  them  from  sagging. 

Diagonal  rods  in  the  plane  of  the  roof  framing,  placed  in  the  outer  bays,  are  an  excellent  thing;  they  enable  the 
uilding  to  be  "squared  up"  ana  will  do  much  to  prevent  racking  of  the  roof  due  to  wina,  with  possible  consequent 
reaking  of  skylights.  Re-tightening  of  these  bracing  rods  will  be  necessary  from  time  to  time  as  shrinkage  of 
de  timber  takes  place. 

57e.  Saw-tooth  Roof  Framing. — Saw-tooth  roofs  are  constructed  with  inclined 
r  vertical  faces,  the  former  being  perhaps  more  generally  used  than  the  latter  on  account  of 
etter  diffusion  of  light.  From  the  standpoint  of  maximum  efficiencj^  in  diffused  lighting,  the 
aw-teeth  should  face  north  with  the  faces  inclined  at  an  angle  of  25  to  30  deg.  with  the  vertical. 
The  saw-tooth  with  vertical  face  is  somewhat  easier  to  construct  and  is  less  likely  to  give 
rouble  through  leakage  and  condensation  than  the  inclined  face  construction.  In  the  latter 
ype,  there  should  be  no  horizontal  mullions  in  the  windows,  since  water  would  stand  on  these 
.nd  eventually  leak  through.  Further,  condensation  will  tend  to  take  place  on  the  inner  side  of 
he  inclined  glass  and  drop  vertically  on  the  contents  of  the  building. 

In  both  types  of  construction,  careful  attention  must  be  given  to  the  design  of  the  windows,  whether  fixed  or 
lovable  sash.     The  flashing  should  run  under  the  window  siU  and  form  an  inside  condensation  gutter  discharging 
25 
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into  conductors       Double  glazing  is  sometimes  employed  in  the  more  northerly  latitudes  on  account  of  its  no. 

condaotmg  qualities. 

Some  typical  details  of  saw-tooth  roofs  are  shown  in  Figs.  75,  76,  77,  78  and  79 

The  roof  planking  should  be  at  least  .3  in.  in  thickness,  tongued-a'nd-grooved  or  splined.  spanning  8  to  10  f 

between  the  mclmed  roof  beams.     The  valleys  between  the  saw-teeth  should  have  an  inclination  of  not  less  tha 


Cross  section  through  typical  saw  tooth. 
Fig.  75. 


Partial  elevation  of  saw  tootl 


Fig.  76. — Detail  of  saw-tooth  frame — inclined 
face  with  pipe  ties. 


Fig.  77. — Detail  of  saw-tooth  frame — vertical 
face  with  pipe  ties. 


Fig.  78.- 


-Defail  of  saw-tooth  frame — inclined 
face  with  timber  ties. 


Fig. 


79. — Detail  of  saw-tooth  frame 
face  with  timber  ties. 


-vertical 


}2  in.  to  the  foot,  and  the  conductors  should  be  spaced  not  more  than  50  ft.  apart.     The  construction  of  the  sloping 
valleys  is  easily  accomplished  by  blocking  between  the  structural  members  of  the  frame. 

Fig.  75  illustrates  a  typical  cohstruction  with  inclined  faces.  The  roof  joists  are  supported  at  their  upper 
ends  on  inclined  posts,  and  at  their  lower  ends  by  joist-hangers  on  the  roof  girders.  Tie  rods  are  shown  at  the  foot 
of  each  inclined  roof  beam  to  prevent  the  roof  from  spreading.  While  the  construction  shown  in  this  figure  mny  bo 
termed  standard,  objection  can  be  raised  (1)  to  the  use  of  joist-hangers.  (2;  to  the  use  of  small  tie  rods  exposed  to 
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*re  and  tending  to  sag,  (3)  to  the  absence  of  any  horizontal  members  at  the  top  of  posts  to  take  thrust,  and  (4)  to 
>,P  absence  of  general  stiffness  of  frame  to  horizontal  forces.  ,        ,.      ^ 

In  Figs  76  and  77  the  above  objections  are  largely  met  by  bringing  the  inclined  roof  beams  to  rest  on  the  top 
,f  the  girders  and  the  substitution  of  pipe  ties  between  the  roof  girders.  These  pipe  ties,  fitted  with  standard  flanges 
*nd  boTted  through  the  girders,  have  the  advantage  over  rods  of  being  able  to  take  both  tension  and  compression 
[nd  also  of  not  requiring  hangers  to  prevent  them  from  sagging.  These  pipes,  however,  must  be  of  fairly  large 
"ze  in  order  ttt  they  m;y  be  of  value  as  compression  members.  The  ratio  of  length  of  member  to  radius  of  gyra- 
tion should  not  exceed  175.     This  construction,  however,  still  gives  metal  exposed  to  fire.  , 

is  78  and  79  illustrate  an  all-timber  type  of  construction.  These  details,  drawn  for  both  the  -cUned  and 
verticafface  types  of  saw-tooth,  furnish  a  simple  and  effective  construction.  A  somewhat  higher  budding  is  re- 
ared by  this  construction  than  with  that  of  Fig.  75  but  the  general  stiffness  gained,  and  the  absence  of  exposed 
metal,  will  more  than  offset  the  cost  of  increased  height  of  walls. 

58    Mill  Construction.^The  preceding  discussion  in  this  chapter  has  related  to  timber 
framed"  floors  and  roofs  in  general.     This  article  treats  very  briefly  and  in  a  general  way  of  the 


STRUCTURAL  DATA 


395 


Fig.  80. — Standard  mill  construction. 


Fig.  81. — Mill  construction  with  laminated  floor. 

special  type  of  construction  known  as  "Mill  Construction,"  or  "Slow-burning  Mill  Construc- 
tion "  so-called  because  it  was  developed  for  use  in  factory  or  mill  buildings  m  the  New  England 
states  In  this  construction  all  timbers,  as  posts,  girders,  and  joists,  are  made  of  large  section; 
joists  are  eliminated  as  far  as  possible,  by  substituting  a  heavy  thick  floor  sufficient  m  strength 
to  span  some  feet.  The  result  gives  a  building  having  large  areas  of  flat  ceihngs,  and  heavy, 
solid  masses  of  timber  in  girders  and  posts.  Such  a  structure  in  case  of  fire  will  tend  to  char 
rather  than  burn,  and  all  parts  are  easily  reached  by  the  water  from  the  automatic  sprmkiers. 
This  type  of  building,  properlv  sprinkled,  takes  a  comparatively  low  insurance  rate.        _ 

In  the  bulletin,  "Heavy  Timber  Mill  Construction  Buildings, "  published  by  the  ^^ngineer- 
ing  Bureau  of  the  National  Lumber  Manufacturers  Association,  mill  construction  is  divided 
into  three  classes  as  follows  (see  Figs.  80  to  84  inclusive): 

1  See  also  the  following  chapter  by  V.  W.  Dean. 
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1.  Floors  of  heavy  planK  laid  flat  upon  large  girders  which  are  spaced  from  8  to  U  ft.  on  centers.  These  gir- 
ders are  supportea  by  wood  posts  or  columns  spaced  from  16  to  25  ft.  apart.  This  type  is  often  referred  to  as  "  Stand- 
ard Mill  Construction." 

2.  Floors  of  heavy  planK  laid  on  edge  and  supported  by  girders  which  are  spaced  from  12  to  18  ft.  on  centers 
These  girders  are  supported  by  wood  posts  or  columns  spaced  16  ft.  or  over  apart,  depending  upon  the  design  ot 
the  structure.     This  type  is  called  "  Mill  Construction  with  Laminated  Floors. " 

3.  Floors  of  heavy  plank  laid  flat  upon  large  beams  which  are  spaced  from  4  to  10  ft.  on  centers  and  supported 
by  girders  spaced  as  far  apart  as  the  loading  will  allow.  These  girders  are  carried  by  wood  posts  or  columns  located 
as  far  apart  as  consistent  with  the  general  design  of  the  building.  A  spacing  of  from  20  to  25  ft.  is  not  uncommor 
for  columns  in  this  class  of  framing  where  the  loading  is  not  excessive.  This  type  is  more  generally  known  as  "Semi- 
Mill  Construction." 


Fig.  82. — ■Semi-mill  construction,  beams  in  hangers. 


Fig.  83. — Semi-mill  construction,  beams  on 
top  of  girders. 


Fia.  84. — Detail  of  column  and  girder 
construction  with  cast-iron  pintle. 


The  following  clauses  from  the  Building  Code  recommended  by  the  National  Board  of 
Fire  Underwriters,  also  define  in  detail  the  timber  construction  classed  as  mill  constructions 

Definition:  "Mill"  Construction  (also  called  "Slow-burning  Construction")  is  a  term  applied  to  building: 
having  masonry  walls  and  heavy  timber  interior  construction  with  no  concealed  spaces.  Such  buildings  are  usu- 
ally occupied  for  factory  purposes,  and  should  always  be  protected  by  a  system  of  automatic  sprinklers. 

Columns  and  Girders  or  Floor  Timbers: 

1.  Columns,  if  of  timber,  shall  be  not  less  than  S  in.  in  smallest  cross-sectional  dimensions  and  all  corners  shall 
be  rounded  or  chamfered. 

2.  Wooden  columns  shall  be  superimposed  throughout  all  stories  on  iron  or  steel  post  caps  with  brackets. 
Note:  Columns  should  never  rest  on  timbers,  as  shrinkage  may  cause  them  to  sag. 

3.  Iron  or  steel  columns  or  girders  may  be  used  it  protected,  as  follows:  Steel  girders  and  steel  or  iron  columns 
which  support  masonry  walls,  other  than  those  facing  upon  a  street,  shall  be  protected  by  at  least  2  in.  of  fire- 
proofing.  .  .  .or  by  2  in.  of  metal  lath  and  cement  plaster;  the  latter  being  applied  in  two  layers  with  an  air  space 
between  them.  All  other  iron  or  steel  columns  shall  be  protected  by  at  least  1  in.  of  metal  lath  and  cement  plaster 
or  its  equivalent. 

4.  Wooden  girders  or  floor  timbers  shall  be  suitable  for  the  load  carried,  but  in  no  case  less  than  6  in.  either 
dimension,  and  shall  rest  on  iron  plates  on  wall  ledges  and  where  entering  walls  shall  be  self-releasing.  Walls  may 
be  corbeled  out  to  support  floor  timbers  where  necessary.     The  corbeling  shall  not  exceed  2  in. 

5.  So  far  as  possible,  girders  or  floor  timbers  shall  be  single  stick. 

6.  Where  wooden  beams  enter  walls  on  opposite  sides,  there  shall  be  at  least  12  in.  of  masonry  between  ends  of 
beams,  and  in  no  case  shall  they  enter  more  than  one-quarter  the  thickness  of  the  wall. 
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7.   Width  of  floor  bays  shall  be  between  6  and  1 1  ft. 

Note:  The  practice  in  "  mill"  construction  of  supporting  the  ends  of  beams  on  girders  by  means  of  metal  stir- 
rups or  bracket  hangers  is  objectionable.  Experience  has  shown  that  such  metal  supports  are  likely  to  lose  their 
strength  when  attacked  by  fire  and  so  cause  collapse. 


Floors: 

1.  Floors  shall  be  not  less  than  3-in.  (2?4-in.  dressed)  splined  or  tongued  and  grooved  plank  covered  with  1-in. 
(^-in  dressed)  flooring  laid  crossways  or  diagonally.  Top  flooring  shall  not  extend  closer  than  >2  i"-  to  walls  so 
J.S  to  allow  for  swelling  in  case  floor  becomes  wet.  This  place  shall  be  covered  by  a  moulding  so  arranged  that 
t  will  not  obstruct  movement  of  the  flooring. 

2.  Waterproofing  shall  be  laid  between  the  planking  and  tlie  flooring  in  such  manner  as  to  make  a  thoroughly 
waterproof  floor  to  a  height  of  at  least  3  in.  above  floor  level.     When  there  are  no  scuppers,  the  elevator  or  stair- 

■ells  may  be  used  as  drains  for  the  floors,  in  which  case  the  waterproofing  material  need  not  be  flashed  up  at   these 
Joints. 

3.  All  exposed  woodwork  in  interior  construction  shall  be  planed  smooth. 

Roofs,  Skylights,  and  Cornices: 

1.  Roofs  shall  be  of  plank  and  timber  construction  and  flat,  except  for  pitch  necessary  for  proper  drainage. 
Plank  shall  be  not  less  than  2>2  in.  (2J-4  in.  dressed)  splined,  or  tongued  and  grooved.  Timbers  shall  be  not  less 
;han  6  in.  either  dimension  and  shall  be  single  stick. 

Both  roof  timbers  and  planks  shall  be  self -releasing  as  regards  walls. 

Note:  The  saw-tooth  form  of  roof  is  considered  satisfactory,  although  not  quite  the  equivalent  of  a  flat  mill 
^onst^ucted  roof. 

Partitions: 

Partitions  shall  be  constructed  of  incombustible  material  or  of  2-in.  matched  plank  or  double  matched  boards 
vith  joints  broken,  preferably  coated  with  fire  retarding  paint. 

Note:  Ordinary  paint  is  not  objectionable,  but  varnish  or  shellac  is  very  undesirable. 

The  following  description  of  laminated  floors  is  taken  from  the  bulletin  of  the  National 
jumber  Manufacturers  Association  referred  to  above : 

If  heavy  loads  are  to  be  carried  on  long  spans,  planks  6  or  8  in.  wide  are  set  on  edge  close  together,  firmly 
lailed  at  each  end  and  at  about  18-in.  intervals  with  60-T)  nails,  alternating  top  and  bottom,  thus  forming  a  "1am- 
nated  floor."  Each  of  these  floors  is  covered  with  two  or  more  thicknesses  of  waterproof  paper  or  similar  material 
,nd  then  by  a  top,  or  wearing,  floor,  laid  at  right  angles  to  the  direction  of  the  underfloor.  Material  is  sur- 
aced  on  all  sides  and  edges  of  plank  beveled  to  serve  as  a  finish  on  the  ceiling  below. 

Where  plank  floors  are  laid  flat,  the  boards  should  be  two  bays  in  length  if  possible  and  laid  to  break  joints 
very  4  ft.  With  laminated  floors,  it  may  be  difficult  to  obtain  plank  two  bays  in  length.  In  such  a  case,  the  planks 
aay  be  laid  with  the  ends  extending  between  centers  of  girders  with  one  plank  laid  across  the  girder  at  frequent 
itervals  (every  sixth  or  eighth  piece)  to  act  as  a  tie  in  the  floor.  Or,  by  another  method,  the  ends  of  planks  should 
ain  at  or  near  the  quarter  point  of  the  span  between  girders,  taking  care  to  break  joints  in  such  a  way  that  no  con- 
inuous  line  across  the  floor  will  occur. 

In  laying  laminated  floors,  it  is  advisable  to  omit  the  last  two  planks  at  walls  until  after  glazing  and  roofing 
ave  been  completed;  Then  these  spaces  should  be  filled  in  close  against  the  walls.  It  is  often  recommended  that 
iminated  floors  be  laid  without  nailing  to  the  girders  which  support  the  floor,  so  that  expansion  in  the  floors  due 
3  dampness  will  not  cause  movement  in  the  girders  at  the  walls. 

The  top-floor  may  be  of  softwood  or  hardwood  as  use  demands.  Tongued  and  grooved  flooring  is  used  al- 
lost  entirely.  Square-edged  flooring  is  easier  to  replace  when  repairs  are  needed,  but  wears  less  around  nails, 
:ius  making  an  uneven  floor.  Some  of  the  best  buildings  have  a  double  top-floor,  the  lower  part  of  softwood  laid 
iagonally  upon  the  plank  under-floor,  and  the  hardwood  upper  part  laid  lengthwise.  This  latter  method  allows 
oards  in  alleys  or  passages  to  be  easily  replaced  when  worn,  and  the  diagonal  boards  brace  the  floors,  reduce 
ibration,  and  distribute  the  floor  load  evenly.  The  top-floor  should  always  be  laid  so  that  the  length  of  the  pieces 
parallel  to  the  direction  of  the  traffic  or  trucking.     Usually  this  is  lengthwise  of  the  building. 

When  a  laminated  floor  is  constructed  of  material  surfaced  four  sides,  or  of  material 
irfaced  two  sides,  there  is  great  danger  of  dry  rot,  unless  the  lumber  is  thoroughly  air  seasoned 
r  kiln  dried.  On  account  of  this  feature,  many  engineers  prefer  to  use  only  rough  lumber  for 
iminated  floors,  the  slight  unevenness  of  the  boards  or  planking  providing  enough  air  spaces 
)  prevent  dry  rot.  It  is  the  writer's  opinion  that  the  rough  flooring,  besides  being  cheaper, 
ill  give  additional  security  against  the  decay  of  the  timber. 

Tables  2  and  3  give  the  maximum  spans  for  timber  mill  laminated  floors  for  thicknesses 
arying  from  3  in.  nominal  to  12  in.  nominal,  fiber  stresses  from  1200  to  1800  lb.  per  sq.  in., 
ad  loads  from  50  to  400  lb.  per  sq.  ft. 
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In  both  these  tables,  the  limiting  span  is  given  for  a  deflection  of  Mo  in-  per  foot  of  span, 
based  on  a  modulus  of  elasticity  of  1,620,000.  Since  mill  flcjors  in  general  have  no  ceiling,  the 
deflections  taken  from  this  table  may  be  used  directly,  although,  if  the  permanent  deflection  is 
desired,  a  reduced  modulus  of  elasticity  for  the  constant  loads  should  be  used. 

Table  2.* — Maximum  Spans  for  Timber  Mill  Floors 

Fiber  stress  1200,  1300,  1500,  1600  and  1800  lb.  per  sq.  in.;  modulus  of  elasticity.  1,620,000  lb.  per  sq.  in. 
The  sum  of  the  live  load  and  the  weight,  of  the  floor  was  used  in  calculating  the  spans. 
In  the  line  marked  deflection  is  given  the  span  which  has  a  deflection  of  >3o  in.  per  foot  of  span. 
Made  of  pianks  on  edge,  laid  close. 


Fiber 
stress 
(lb.  per 
sq.  in.) 


Span  in  feet 
Live  load  in  pounds  per  square  foot 

50 

100 

125 

150 

175 

200 

225 

250 

275 

300 

350 

400 

1200 
1300 
1500 
1600 
1800 
Defl. 


1200 
1300 
1500 
1600 
1800 
Defl. 


1200 
1300 
1500 
1000 
1800 
Defl. 


1200 
1300 
1500 
1600 
1800 
Defl. 


(3i 

n.  Nomii 

lal  thick 

ness — 2^ 

^  in.  actual  thickness 

13'  8" 

10'   1" 

9'   1" 

8'  4" 

7'  9" 

7'  3" 

6'10" 

6'  6" 

6'  3" 

6'  0" 

5'  7" 

14'  3" 

10'  6" 

9'  6" 

8'  8" 

8'  1" 

7'  7" 

7'  2" 

6'10" 

6'  6" 

6'  3" 

5'  9" 

15'  4" 

11'  3" 

10'  2" 

9'4" 

8'  8" 

8'  2" 

7'  8" 

7'  4" 

7'  0" 

6'  8" 

6'  2" 

15'10" 

11'  8" 

10'  6" 

9'  7" 

8'11" 

8'  4" 

7'11" 

7'  7" 

7'  2" 

6'11" 

6'  5" 

16'  9" 

12'  4" 

11'  2" 

10'  3" 

9'  6" 

8'11" 

8'  5" 

8'  0" 

7'  8" 

7'  4" 

6'  9" 

9'  0" 

7'  4" 

6'11" 

6'  6" 

6'  2" 

5'11" 

5'  8" 

5'  6" 

5'  4" 

5'  2" 

4'11" 

(4  in.  Nominal  thickness — -S^i  in.  actual  thickness) 


18'  5" 

13'  8" 

12'  4" 

11'  5" 

10'  7" 

10'  0" 

9'  5" 

9'  0" 

8'  7" 

8'  3" 

7'  7" 

19'  2" 

14'  3" 

12'11" 

ll'lO" 

11'  0" 

10'  4" 

9'10" 

9'  4" 

8'11" 

8'  7" 

7'11" 

20'  7" 

15'  4" 

13'10" 

12'  9" 

ll'lO" 

11'  2" 

10'  6" 

10'  0" 

9'  7" 

9'  2" 

8'  6" 

21'  3" 

15'10" 

14'  4" 

13'  2" 

12'  3" 

11'  6" 

lO'll" 

10'  4" 

9'11" 

9'  6" 

8'10" 

22'  7" 

16'  9" 

15'  2" 

13'11" 

13'  0" 

12'  2" 

11'  7" 

11'  0" 

10'  6" 

10'  1" 

9'  4" 

12'  3" 

10'   1" 

9'  5" 

8'11" 

8'  6" 

8'  2" 

7'10" 

7'  7" 

7'  4" 

7'  2" 

6'10" 

5'  2" 
5'  5" 
5'10" 
6'  0" 
6'  4" 
4'  9" 


7'  2" 
7'  5" 
8'  0" 
8'  3" 
8'  9" 
6'  6" 


(5ii 

1.  Nomin 

al  thickr 

less — ij-j 

in.  actu 

al  thicki 

ess) 

1 

22'10" 

17'  8" 

15'  7" 

14'  5" 

13'  5" 

12'  7" 

ll'll" 

11'  4" 

lO'lO" 

10'  5" 

9'  8" 

9'  1" 

23'10" 

17'11" 

16'  3" 

14'11" 

13'11" 

13'  1" 

12'  5" 

ll'lO" 

11'  4" 

lO'lO" 

10'  1" 

9'  5" 

25'  7" 

19'  3" 

17'  5" 

16'   1" 

15'  0" 

14'  1" 

13'  4" 

12'  8" 

12'  2" 

11'  8" 

lO'lO" 

10'  2"    . 

26'  5" 

19'11" 

18'  0" 

16'  7" 

15'  6" 

14'  7" 

13'  9" 

13'  1" 

12'  6" 

12'  0" 

11'  2" 

10'  6" 

28'  0" 

21'  1" 

19'   1" 

17'  7" 

16'  5" 

15'  5" 

14'  7" 

13'11" 

13'  4" 

12'  9" 

ll'lO" 

11'  1" 

15'  4" 

12'  9" 

ll'll" 

11'  3" 

10'  9" 

10'  4" 

10'  0" 

9'  8" 

9'  4" 

9'  1." 

8'  8" 

8'  4" 

(6  in. 

Nomina 

1  thickne 

ss' 5?- 8 

in.  actu 

il  thickn 

ess') 

20'  8" 
21'  6" 
23'  1" 
23'10" 
25'  3" 
15'  4" 


18'  9" 
19'  6" 
21'  0" 
21'  8" 
23'  0" 
14'  5" 


17'  4" 
18'  0" 
19'  4" 
20'  0" 
21'  2" 
13'  8" 


16'  2" 
16'10" 
18'  1" 
18'  8" 
19'10" 
13'  0" 


15'  3" 
15'10" 
17'  0" 
17'  7" 
18'  8" 
12'  6" 


14'  5" 
15'  0" 
16'  1" 
16'  7" 
17'  8" 
12'  1" 


13'  9" 

13'  2" 

12'  8" 

11'  9" 

14'  3" 

13'  8" 

13'  1" 

12'  2" 

15'  4" 

14'  8" 

14'  1" 

13'  1" 

15'10" 

15'  2" 

14'  7" 

13'  6" 

16'10" 

16'  I'- 

15' 5" 

14'  4" 

11'  8" 

ll'  4" 

11'  0" 

10'  6" 

11'  0' 

11'  5' 

12'  3' 

12'  8' 

13'  6' 

10'  1" 


*  From  Southern  Pine  Manual. 
'  Use  for  laminated  floors  when  made  of  2  X  6  and  4X6  pieces. 
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Fibers  stress  1200,  1300,  1500,  1000  and  1800  lb.  per  sa.  in.;  modulus  of  elasticity,  1,620,000  lb.  per  sq.  in. 

The  sum  of  the  live  load  and  the  weiget  of  the  floor  was  used  in  calculating  the  spans. 

In  the  line  marked  deflection  is  given  the  span  which  has  a  deflection  of  >3  0  i"    per  foot  of  span. 

Made  of  planlcs  on  edge,  laid  close. 


Fiber  stress 
(lb.  per 
sq.  in.) 


Span  in  feet 
Live  load  in  pounds  per  square  foot 


100 


125 


150 


175 


225 


275 


(6  in.  Nominal  thickness' — 5>^  in.  actual  thickness) 


1200 
1300 
1500 
1600 
1800 
Defl. 


1200 
1300 
1500 
1600 
1800 
Defl. 


1200 
1300 
1500 
1600 
1800 
Defl. 


1200 
1300 
1500 
1600 
1800 
Defl. 


20'  3" 

18'  4" 

16'11" 

15'10" 

15'  1" 

14'  1" 

13'  5" 

12'10" 

12'  4" 

11'  6" 

21'  1" 

19'  1" 

17'  8" 

16'  5" 

15'  8" 

14'  8" 

14'  0" 

13'  4" 

12'10" 

ll'll" 

22'  7" 

20'  9" 

18'11" 

17'  8" 

16'10" 

15'  9" 

15'  0" 

14'  4" 

13'  9" 

12'10" 

23'  4" 

21'  3" 

19'  7" 

18'  3" 

17'  5" 

16'  4" 

15'  6" 

14'10" 

14'  4" 

13'  3" 

24'  9" 

22'  6" 

20'  9" 

19'  4" 

18'  5" 

17'  3" 

16'  5" 

15'  9" 

15'  1" 

14'  0" 

15'  0" 

14'  1" 

13'  4" 

12'  9" 

12'  3" 

11'  9" 

11'  5" 

11'  1" 

10'  9" 

10'  3" 

(8  in 

.  Nomin 

al  thickn 

ess — 7>2 

in.  actual  thickness) 

26'10" 

24'  6" 

22'  8" 

21'  2" 

20'  0" 

19'  0" 

18'   1" 

17'  4" 

16'  7" 

15'  6" 

27'11" 

25'  6" 

23'  7" 

22'  1" 

20'10" 

19'  9" 

18'10" 

18'  0" 

17'  4" 

16'  1" 

30'  0" 

27'  5" 

25'  4" 

23'  9" 

22'  4" 

21'  2" 

20'  3" 

19'  4" 

18'  7" 

17'  4" 

31'  0" 

28'  3" 

26'  2" 

24'  6" 

23'  1" 

21'11" 

20'10" 

20'  0" 

19'  2" 

17'10" 

32'10" 

30'  0" 

27'  9" 

26'  0" 

24'  6" 

23'  3" 

22'  2" 

21'  2" 

20'  4" 

19'  0" 

20'   1" 

19'  4" 

17'11" 

17'  2" 

16'  6" 

15'11" 

15'  5" 

15'  0" 

14'  7" 

13'11" 

(10  in.  Nomin 

al  thickness — 9>2 

in.  actu 

al  thickr 

ess) 

20'10" 

19'  5" 

21'  9" 

20'  3" 

23'  4" 

21'  9" 

24'  1" 

22'  5" 

25'  7" 

23'10" 

18'  4" 

17'  6" 

(12  in.  Nominal  thickness — ll)-2  in.  actual  thickness) 


10'  9" 
11'  2" 
12'  0" 
12'  5" 
13'  2" 
9'10" 


14'  7" 
15'  2" 
16'  3" 
16'  9" 
17'10" 
13'  4" 


18'  3" 
19'  1" 
20'  5" 
21'  2" 
22'  5" 
16'10" 


22'  0" 
22'11" 
24'  7' 
25'  4'' 
26'11' 
20'  3' 


SLOW-BURNING  TIMBER  MILL  CONSTRUCTION" 

By  F.  W.  Dean 

Slow-burning  mill  construction^  is  the  name  applied  to  a  long-used  type  of  fire-resisting 
imber  building  common  in  New  England,  especially  in  textile  mills.  As  now  designed  by  the 
est  mill  engineers,  it  consists  of  brick  walls,  with  heavy  transverse  wood  beams,  on  top  of  which, 
jr  floors,  are  spiked  thick  planks  at  right  angles  to  the  beams,  and  these  planks  are  covered  with 
top  floor  at  right  angles  to  the  planks.     The  planks  are  grooved  on  both  edges  and  so-called 

'From  Southern  Pine  Manual. 

•  Use  for  2>2  X  6,  3  X  6,  and  6X6  pieces,  for  2  X  6  and  4  X  6  use  table  for  mill  floors  (Table  2). 

^  Appeared  in  Engineerlnii  News-Record,  Vol.  79,  No.  26,  Dec.  27,  1917. 

^  See  also  the  preceding  chapter  by  Henry  D.  Dewell. 
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vood  splines  are  tightly  driven  into  the  grooves  of  adjoining  planks  so  that  one  plank  will  assist 
n  the  support  of  the  next,  thus  stiffening  the  floor  for  isolated  loads  and  preventing  one  plank 
rom  moving  vertically  relatively  to  the  next  (Fig.  86).  The  spaces  between  the  beams  or  the 
'bays"  should  not  be  so  wide  as  to  require  beams  at  right  angles  to  the  main  beams,  or  any 
lubdivision  of  the  bays.  A  maximum  bay  width  of  10  ft.,  except  to  accomplish  a  special  ob- 
ect,  is  advisable.  Wherever  any  metal  is  used  it  should  always  be  deeply  buried  within  the 
Noodi  so  that  fire  cannot  reach  it  at  first. 

From  the  above  it  will  be 
leen  that  real  mill  construction 
iontemplates  the  smallest  practi- 
;able  number  of  heavy  smooth 
aeams  covered  with  heavy  smooth 
plank  in  turn  covered  with  a  top 
3oor.  The  mass  of  such  construc- 
ion,  the  small  amount  of  surface 
and  the  smoothness  of  the  surfaces 
make  this  type  of  construction  fire 
resisting,  and  merit  the  name  often 
applied  to  it,  of  being  "slow-burn- 
ing." Compared  with  this, thefloor 
and  roof  construction  consisting  of 
planks  on  edge  for  beams  and  a 
foot  or  two  apart  are  kindling 
wood.  Mill  construction  also  con- 
templates the  entire  absence  of 
concealed  spaces  and  the  use  of 
Buch  spaces  as  can  readily  be 
reached  by  the  spray  from  the 
smallest  number  of  automatic 
sprinklers.  It  will  readily  be  seen 
that  the  spaces  between  the  beams 
of  mill  construction  can  be  reached 
by  a  few  sprinklers,  while  with  the 
older  construction,  many  times  as 
many  sprinkler  pipes  and  heads 
are  required  to  give  protection,  as 
every  part  must  be  reached  by 
the   spray. 

The  beams  of  mill  construc- 
tion afford  opportunity  for  sup- 
porting shaft  hangers,  and  the 
shaft  hangers  and  the  spaces  be- 
tween them  give  room  for  pulleys 
and  belts.  If  short  countershafts 
are  to  be  put  up,  the  wide  flat  sur- 
faces between  the  beams  afford  an 
opportunity  for  attaching  them. 

59.  Pintles  over  Columns  Are  Fundamental  to  Type. — The  method  of  fastening  the  beams 
to  each  other  where  they  butt  together,  and  to  the  walls,  is  of  great  importance  in  securing 
rigidity.  This  must  be  considered  in  connection  with  the  columns,  and  it  is  with  respect  to 
these  and  connecting  the  beams  together  that  architects  unversed  in  this  type  invariably 
fail.  It  is  well  understood  that  columns  should  rest  end  to  end  upon  each  other  from  top  to 
bottom  of  buildings,  but  the  columns  themselves  should  not  pass  through  the  floors  and  be- 
tween the  ends  of  the  beams,  as  is  often  done.  Proceeding  upward  they  should  stop  at  the 
bottoms  of  the  beams,  and  begin  again  at  the  tops.  Between  the  top  of  one  column  and  the 
bottom  of  the  one  above  it  there  should  be  a  short  separate  cast-iron  column  known  as  a 
"pintle"  (Fig.  86).  Being  of  cast  iron,  which  is  a  material  of  great  compressive  resistance,  it 
may  be  very  small  in  diameter,  and  requires  only  a  small  hole  through  the  beam  to  accom- 
modate it,  half  of  the  hole  being  in  the  end  of  one  beam  and  half  in  the  other.  The  lower  end 
of  the  pintle  rests  on  the  cap  of  the  lower  column  and  the  top  of  the  pintle  receives  the 
lower  end  of  the  column  above.  _ 


Pintle  of  Column  5r  Floor  Connection 


d 


0 


b 


u-ie'x/2' 


Beam   Boa 
Elevation 


Base  of  Column 

Fig.  86. — Some  special  details  used  in  framing  mill  construction. 
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Fig.  87. — Pintle  design  for  steel  beams. 


There  are  several  advantages  in  thi.s  construction.  In  consequence  of  it,  the  beamf 
actually  butt  against  each  other,  and  having  only  a  small  hole  through  them  (not  much  ovei 
4  in.  in  diameter),  the  ends  of  the  beams  are  actually  over  the  body  of  the  column  and  are  nol 
supported  by  the  overhanging  ends  of  the  column  cap.  If  a  cap  end  is  burnt  off  or  breaks  ofl 
the  beam  is  held  as  securely  as  ever.  It  is  a  common  thing  for  architects  to  carry  the  lower 
end  of  a  column  to  the  top  of  the  one  below,  and  sometimes  both  columns  are  of  the  same  size. 
The  result  is  that  the  beams  are  supported  by  the  overhanging  ends  of  the  column  caps.  This 
is  dangerous  construction,  in  respect  to  both  strength  and  fire  resistance.  The  end  may  break 
if  of  cast  iron,  bend  if  of  steel,  become  soft  in  a  fire  and  cause  the  floor  to  fall.  In  this  construc- 
tion most  of  the  cap,  and  the  whole  of  the  part  which  supports  the  beam  are  exposed  to  the  fire. 

The  pintle  construction,  as  before  stated,  permits  the  beams  to  butt  against  each  other  and  thus  become  per- 
fect struts  to  transmit  pressure  from  one  side  of  the  building  to  the  other,  and  it  also  gives  room  to  put  two  iron 

dogs,  or  ties  in  the  tops  of  the  beams,  one  on  each  side  o) 
the  pintle,  to  tie  the  beams  together.  Thus  the  beams  be- 
come not  only  struts  but  rigid  and  continuous  ties  to  keep 
the  sides  of  the  building  in  their  proper  relative  positions. 
At  the  same  time  the  pintles  and  dogs  fulfill  the  necessary 
conditions  before  mentioned  of  being  surrounded  by  heavy 
wood,  for  the  pintles  are  within  the  beams  and  the  dogs  are 
embedded  in  grooves  in  the  tops  of  the  beams  and  covered 
by  floor  planks.  Moreover,  the  dogs  cannot  work  out  be-i 
cause  they  are  beneath  the  planks  (Fig.  86). 

Where  the  pintles  enlarge  at  the  top  to  take  the  upper' 
column  only,  the  top  edges  should  be  exposed  to  fire  and  cam 
'■ClPinfle  scarcely  be' injured.  It  should  not  be  overlooked  that  wheni 
'■  the  beams  and  planks  shrink  the  pintle  tops  become  more 
exposed  than  at  first,  and  allowance  should  be  made  for  this. 
It  should  be  observed  also  that  the  enlarged  hole  for  the  top 
of  the  pintle  is  in  the  plank  and  not  in  the  beam  (Fig.  86). 
Still  another  advantage  of  pintle  construction  is  that  if  a  floor  falls  and  a  column  below  is  knocked  over  by 
the  falling  floor  or  a  heavy  piece  of  machinery,  it  simply  tips  over  on  top  of  the  pintle.  A  column  which  goes  downi 
between  the  beams  if  knocked  over  would  pry  the  beams  apart,  punch  a  hole  through  the  wall,  possibly  push  iti 
over,  and  cause  the  beam  to  drop  off  the  column  and  fall.  Thus  the  building  might  be  wrecked  on  account  of  the^ 
absence  of  pintle  construction. 

60.  Rigidity  of  Connection  is  Necessary. — The  beams  must  be  connected  to  the  wall  in' 
such  a  way  that  the  walls  will  not  be  pu.shed  or  pulled  until  after  this  connection  is  made,  suchl 
effort  only  coming  from  wind  pressure  or  manufacturing  strain.  The  beam  ends  should  rest' 
in  cast-iron  boxes  with  side  wings  firmly  built  into  the  walls  (Fig.  86).  The  beams  should  then 
be  made  to  butt  firmly  over  the  columns  and  be  drawn  together  by  driving  in  the  dogs  which i 
for  this  purpose  have  their  ends  inclined  where  entering  the  wood.  When  this  is  done  one  or  twoi 
lag  screws  should  be  screwed  into  the  beams  through  holes  in  projecting  lips  of  the  beam  boxes, 
which  completes  the  connection  across  the  building.  After  this  is  done  the  lips  of  the  column 
caps  are  lag-screwed  to  the  beams  thus  making  the  columns  stable  and  preventing  the  beams 
from  pressing  against  the  pintles.  Thus  the  column  caps  as  well  as  the  dogs  hold  the  beams 
firmly  together.  No  attempt  should  be  made  to  have  the  pintle  fit  the  hole,  as  it  should  be 
free  to  maintain  its  position  as  the  beams  are  moved  slightly  when  the  dogs  are  driven.  In 
fact,  the  hole  for  the  pintle  should  be  at  least  J'^  in.  larger  in  diameter  than  the  pintle  (Fig.  86). 

Beams  usually  end  over  columns,  but  if  they  do  not,  a  hole  is  bored  through  for  the  pintle, 
and  dogs  are  not  required. 

Floor  beams  when  double  should  have  no  space  between  them  as  was  formerlj'  provided  in 
order  to  permit  air  to  circulate  between,  as  these  spaces  hold  fire  tenaciously. 

There  is  a  very  pernicious  practice  of  supporting  intermediate  cross  beams  so  that  their  upper  surfaces  are 
level  with  those  of  the  beams  which  they  join.  This  is  effected  by  the  use  of  forged  stirrups  or  commercial  beam 
hangers.  When  a  fire  occurs  they  are  easily  softened,  and  give  way  if  they  support  any  material  weight,  which  they 
often  do.  Beams  should  never  be  supported  in  this  way  if  it  is  possible  to  avoid  such  construction,  and  if  they  are, 
heavy  cast-iron  beam-sockets  should  be  used  lag-screwed  to  the  beams  (Fig.  85).  The  commercial  beam-hanger  is 
a  great  menace  to  the  safety  of  buildings. 

Roofs  are  framed,  supported  and  planked  after  the  manner  of  floors,  using  dogs,  and  the  latter  should  be  driven 
before  the  brickwork  is  built  around  the  anchors  in  the  walls  (Fig.  85).     When  there  is  not  a  row  of  columns  in  the 
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center  of  the  room,  the  roof  beams  should  not  be  carried  on  the  slant  to  tlie  center  of  the  building  and  there  fastened 
together,  with  the  expectation  that  a  stable  roof  will  result.  Horizontal  beams  should  run  between  the  two  rows 
of  columns  next  to  the  center  and  the  roof  slant  given  by  wedge-shaped  pieces  spiked  to  the  beams  (Fig.  85).  Roof 
beams  are  not  usually  secured  to  the  walls  by  means  of  beam-boxes,  but  they  might  be  advantageously  employed 
(Fig.  86),  especially  if  parapet  walls  are  used.  Wrought-iron  anchors  spiked  or  screwed  to  the  beams  are  generally 
used  (Fig.  85). 

61.  Special  Beam  Arrangements  Possible. — Sometimes  it  is  desired  to  have  columns 
omitted  in  every  other  bay,  and  the  beams  that  do  not  rest  on  columns  must  be  supported  by 
longitudinal  stringers  resting  on  top  of  the  columns  that  are  used.  Many  architects  in  this  case 
yield  to  the  temptation  to  use  the  beam-hangers  disapproved  of  above,  but  instead  of  this  the 
stringers  should  be  lower  than  the  transverse  beams  by  the  depth  of  the  latter,  and  the  inter- 
mediate transverse  beams  should  rest  on  top  of  them,  and  be  fastened  thereto  (Fig.  85).  Thus 
slow-burning  construction  is  fully  realized  in  this  detail.  The  stringers  are  separated  from  the 
floor  by  the  depth  of  the  transverse  beams,  and  the  space  thus  provided  is  very  convenient  for 
the  upper  strands  of  belting.  In  this  construction  vertical  shrinkage  of  the  beams  is  consider- 
able, and  the  pintles,  which  are  long  enough  to  go  through  both  longitudinal  and  transverse 
beams,  should  be  rather  short,  so  that  after  the  shrinkage  the  top  will  not  appear  materially 
above  the  floor. 

Floor  planks  are  usually  2^^  to  5  in.  thick  and  in  widths  not  exceeding  10  in.  They  should  be  at  least  two  bays 
long,  but  there  must  be  enough  one-bay  lengths  to  cause  breaking  of  joints.  It  is  not  necessary  to  have  every  other 
plank  break  joints;  four  or  five  planks  of  the  same  length  can  be  laid  side  by  side  and  the  next  set  can  break  joints 
with  these.  Where  floor  planks  are  interrupted  by  pintles  they  should  be  fitted  under  the  pintle  to  some  extent, 
so  that  their  ends  will  rest  on  the  beams.  This  with  the  splines  and  top  floors  will  support  them.  Otherwise  they 
should  rest  on  a  stick  secured  to  the  adjoining  planks  by  lag  screws. 

62.  Location  of  Beams. — It  is  inadvisable  to  have  beams  at  right  angles  to  the  main  trans- 
verse beams  in  a  factory — that  is,  parallel  to  the  sides  of  the  mill.  One  objection  to  this  is,  that 
if  they  are  not  at  or  near  the  center  of  the  building  they  cut  off  the  top  light.  Some  architects 
wrongly  place  such  beams  against  the  sides  of  the  building  above  the  windows,  and  thereby 
prevent  the  tops  of  the  windows  from  being  as  high  as  they  might  be,  and  close  to  the  under- 
side of  the  floor.  These  beams  are  hung  to  the  transverse  beams  by  means  of  the  objectionable 
hangers  already  commented  upon,  and  even  intermediate  transverse  beams  are  sometimes  hung 
to  them.  If  the  bays  are  not  too  wide  intermediate  beams  are  unnecessary,  but  architects 
often  make  the  bays  so  wide  that  they  are  compelled  to  use  intermediate  beams,  and  this  causes 
them  to  run  the  planks  the  wrong  way. 

The  tops  of  the  windows  can  be  brought  to  the  underside  of  the  floor  by  building  the  arch  in  the  next  story 
above.  The  opening  which  would  thus  be  made  above  the  upper  floor  is  closed  by  not  carrying  the  arch  clear 
through  the  wall.  One  course  of  brick  carried  down  to  the  springing  of  the  arch  is  sufficient  to  close  the  opening, 
and  this  is  supported  by  an  angle  iron  spanning  the  window  opening  (Fig.  85).  If  a  straight  arch  is  used  this 
is  supported  by  angles  or  other  forms  of  structural  material. 

The  beams  are  usually  made  of  long-leaf  Southern  pine,  which  formerly  came  chiefly  from  Georgia,  but  the 
name  "Georgia  pine"  is  now  chiefly  a  name,  as  such  pine  comes  from  any  state  south  of  North  Carolina,  and  even 
from  Cuba.  Beams  should  be  chamfered  on  the  lower  edges  between  bearings  for  the  sake  of  appearance,  and,  some 
■persons  have  stated,  to  do  away  with  corners  which  readily  ignite. 

63.  Floor  Details. — Floor  planks  are  made  of  spruce,  pine  or  Pacific  Coast  fir,  planed  on 
three  sides,  grooved  for  splines,  and  for  appearance  slightly  bevelled  or  beaded  on  the  bottom 
edges.  The  sphnes  are  made  of  clear  yellow  pine  and  are  always  ^i  X  1 J^  in.  and,  as  already 
stated,  should  fit  tight  enough  to  require  driving  in.  The  planks  should  end  on  the  centers  of 
the  beams,  and  be  nailed  to  each  beam  with  two  nails  of  such  lengths  that  two  or  three  inches 
should  penetrate  the  beams. 

On  each  side  of  a  room  a  plank  should  be  left  out  until  the  building  is  well  dried,  as  the 
planks  sometimes  swell  enough  to  push  out  the  walls. 

On  the  planks  there  should  be  one  or  two  layers  of  tarred  paper,  or,  better,  a  paper  covered 
with  an  elastic  material  which  will  fit  around  the  nails  securing  the  top  floor,  in  order  to  make 
the  floor  waterproof.  Such  a  lining  is  intended  to  continue  to  be  tight  around  nails  after  the 
floors  shrink. 
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In  Canada,  and  to  some  extent  in  this  country,  it  is  the  practice  to  use  for  floors,  planks  on  edge  nailed  to- 
gether horizontally.  It  is  not  customary  to  end  these  planks  over  the  beams,  but  anywhere.  This  weakens  the 
floor  seriously  and  should  not  be  permitted.  Sometimes,  if  such  floors  are  very  thick,  they  are  not  fastened  to 
the  beams. 

Top  floors  are  usually  of  square-edged  maple  of  Jg-in.  nominal  thickness,  but  sometimes  thicker.  The  boards 
are  commonly  5  in.  wide  and  should  not  be  less  than  6  ft.  long.  They  should  be  kiln  dried,  wedged  together  when 
laid,  nailed  with  two  nails  16  in.  apart  on  diagonal  lines,  with  two  nails  at  the  end  of  each  board  independent  of  the 
diagonal  nailing.  Sometimes  top  floors  are  laid  diagonally,  but  little  or  nothing  is  gained  by  this  and  the  cost  is  a 
little  more.     All  nails  should  be  set  and  the  floor  planed  if  it  is  not  smooth  enough  without  it. 

Steel  beams  are  used  somewhat  in  mill  construction  buildings,  but  are  not  liked  by  the  insurance  companies 
as  well  as  wood.  They  tolerate  them,  however,  trusting  to  sprinklers  to  keep  them  cool  in  case  of  fire,  and  con- 
sider that  a  fire  will  be  confined  to  one  story.  Their  advantages  are  that  piers  are  not  cut  away  by  their  use  as 
in  the  case  of  wood  and  can  therefore  be  narrower,  thus  increasing  the  window  width,  and  columns  can  be  farther 
apart.  The  beams  should  be  laid  on  the  walls  as  the  work  proceeds,  with  one  brick  course  fitted  around  them  in 
the  face  of  the  wall,  and  the  pocket  thus  formed  filled  with  cement  grout.  The  brickwork  can  then  proceed  and 
the  wall  is  not  reduced  in  cross  section  where  the  beam  enters.  If  steel  beams  are  used,  pintles  should  not  be 
omitted. 

64.  Anchoring  of  Steel  Beams. — The  anchoring  of  steel  beams  in  walls  is  not  quite  so  de- 
sirably accomplished  as  with  wood.  The  common  way  is  to  have  a  couple  of  short  pieces  of 
steel  angle  riveted  vertically  to  the  web  near  the  end  of  the  beam  to  anchor  it,  and  build  the 
beam  in  as  described  above.  The  beam  can  be  drawn  up  to  the  pintle  before  this  is  done.  If 
the  beam  falls  in  a  fire  it  will  pry  out  some  of  the  brickwork.  A  beam-box  could  be  used,  as  in 
the  case  of  wood  beams,  and  bolted  to  the  lower  flange  of  the  beam  before  the  box  is  built  into 
the  brickwork.     The  beam  and  box  could  then  be  slid  as  the  beam  is  drawn  up  to  the  pintle. 

Square  or  rectangular  pintles  look  better  with  steel  beams  than  round  ones,  as  the  beam  ends  fit  against  them 
better  (Fig.  87).  Sometimes  the  lower  flange  is  bolted  to  a  bracket  cast  on  the  bottom  of  the  pintle  and  sometimes 
the  web  is  bolted  to  an  appropriate  projection  on  the  pintle.  The  best  way  is  to  rivet  angles  to  the  web,  and 
bolt  the  beams  together  by  means  of  bolts  passing  through  oblong  holes  cast  in  the  pintle,  as  in  Fig.  87.  Care 
must  be  taken  to  have  the  beam  rest  over  the  top  of  the  column  and  avoid  transverse  stress  in  the  pintle  brackets. 

65.  Roofs. — The  remarks  on  floors  will  apply  to  roofs,  except  that  spruce  sometimes  warps 
and  turns  up  its  edges  so  that  it  may  injure  the  roof  paper.  The  standard  slope  of  mill  roofs 
is  }4,  in.  per  foot. 

Concerning  roof  coverings,  there  are  many  different  makes,  any  of  which  will  be  furnished 

with  a  guaranty  of  five  or  ten  years.  Tar  and  gravel  are  very  satisfactory  and  should  be  five 
or  six  plies  thick.  Thick  roof  coverings  of  this  kind  are  important  in  some  places  on  account 
of  their  insulating  qualities  which  assist  in  preventing  condensation  of  humid  atmosphere  on 
the  underside  in  cold  weather. 

The  undersides  of  roofs  and  floors  are  sometimes  painted  white,  but  the  cracks  between  the  planks  make  them 
look  bad,  although  the  lighting  effect  is  good.  Likewise,  brick  walls  can  be  painted,  but  the  natural  brick  looks 
better.     Brick  looks  best  when  washed  down  with  acid  and  oiled. 

66.  Columns  and  Walls. — Columns  are  usually  made  of  long-leaf  Southern  pine  and  should 
be  carefully  selected  for  straightness  of  grain  and  freedom  from  defects.  It  is  verj'  important 
that  the  ends  should  be  square  with  the  axis,  and  when  the  columns  are  round  this  is  easily 
accomplished  in  the  lathe.  Wood  columns  are  often  made  as  small  as  6  in.  square,  but  they  ar& 
very  apt  to  spring  and  in  hot  factories  this  is  true  of  columns  of  anj^  size.  Practically,  it  is 
better  to  have  8  in.  the  minimum  size.  Pipe  columns  filled  with  concrete  are  used,  but  the 
mutual  insurance  companies  consider  wood  columns  a  better  fire  risk,  and  where  the  pipe  con- 
crete columns  are  used  they  prefer  to  have  a  reinforcement  placed  inside,  this  being  strong 
enough  to  support  the  load  (Fig.  87).  The  stock  companies  do  not  require  this.  This  type  of 
column  without  interior  reinforcement  went  through  the  Salem  fire  successfully.  Even  with 
these  columns,  or  those  of  cast  iron,  pintles  should  be  used.  Both  ends  of  pintles  should  be 
faced  off  square  and  likewise  the  surfaces  with  which  they  come  in  contact,  and  pintles  for  square 
columns  should  have  a  circular  face  on  which  the  column  rests  so  that  it  can  be  faced  in  a  lathe 
or  boring  mill  (Fig.  86). 

Wood  columns  were  formerly  bored  and  ventilating  holes  made  at  top  and  bottom.  The  benefit  of  this 
cannot  be  identified  and  the  practice  has  been  generally  abandoned. 
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The  upper  and  lower  ends  of  wood  columns  should  be  treated  with  a  preservative,  especially  the  lower  ends, 
as  they  are  frequently  wet  from  washing  the  floors. 

In  building  such  a  factory  some  designers  have  slanted  the  piers  between  windows  inward  on  the  outside  of 
the  building.  This  is  expensive  and  useless,  and  it  should  be  kept  in  mind  that  the  center  of  pressure  coming 
from  the  weights  should  be  as  near  the  center  of  the  foundation  as  possible.  By  stepping  the  walls  back  4  in.  or 
more  at  each  floor  on  the  inside  of  the  building,  or  at  every  other  floor,  this  is  partly  accomplished  and  the  outside 
of  the  pier  can  be  kept  vertical  (Fig.  85).  If  the  pier  is  inclined  or  made  like  a  stepped  buttress  on  the  outside, 
the  result  is  that  the  foundation  will  be  eccentrically  loaded.  These  inclined  or  buttressed  pieces  accomplish 
n9thing  desirable. 

I  67.  Basement  Floors.— If  a  wood  floor  is  desired  in  the  basement  the  best  way  is  to  make 
^tar  concrete  and  wood  floor,  as  follows:  The  earth  should  be  filled-in  layers  6  in.  thick  and 
raiTtmed:  level.  On  top  of  this  there  is  to  be  a  layer  3  in.  thick  of  hot  tar  concrete  laid  and  rolled 
firmly  and  level,  the  upper  >^  in.  being  of  fine  material  laid  hot  and  well  rolled  to  prevent  mois- 
ture from  coming  through.  On  this  there  is  to  be  a  layer  of  unplaned  square-edged  plank  2)4. 
to  4  in.  thick,  laid  close.  The  plank  should  be  kyanized  or  treated  with  other  preservative  to 
prevent  decay.  A  top  floor  is  then  laid  at  right  angles  to  the  plank  and  well  nailed.  The  plank 
need  not  be  splined,  because  there  is  no  chance  for  vertical  movement. 

It  is  not  well  to  use  sleepers,  as  it  is  difficult  to  surround  them  properly  with  tar  concrete  and  difficult  to 
get  them  level,  and  they  accomplish  nothing.  A  floor  as  above  described  is  a  heavy  solid  mass  and  is  bound 
together  by  the  top  floor.  Experience  shows  that  it  is  satisfactory  without  being  fastened  to  anything  and  is 
suitable  for  holding  any  machinery  that  does  not  require  foundations.    It  is  good  where  wet  processes  are  carried  on. 


FLOOR  AND  ROOF  FRAMING— STEEL 

By  H.  J.  Burt 

68.  Floor  Construction  and  Fireproofing. — Steel  floor  framing  may  be  used  with  almost  any 
form  of  floor  construction.  The  design  of  the  steel  work  is  governed  thereby.  Hence,  the 
details  of  the  floor  construction  including  fireproofing,  if  any,  must  be  determined  as  a  prelimi- 
nary to  the  design  of  the  steel. 

68a.  Wood  Floors. — It  is  not  usually  desirable  to  use  steel  with  wood  floor  con- 
struction,  but  occasionally  conditions  warrant  it.     The  following  combinations  may  occur: 

(a)  Ordinary  wood  joist  construction  with  steel  girders,  the  joists  being  closely  spaced  for  supporting  a  plastered 
ceiling;  and  for  supporting  a  sub-floor  and  finished  floor  of  ''A-in.  boards.  There  may  be  a  layer  of  concrete  or 
cinders  between  the  sub-floor  and  the  finish  floor. 

(6)   Mill  construction  haWng  wood  joists  and  steel  girders,  the  joists  being  spaced  4  to  6  ft.  apart. 

(c)   Mill  construction  having  steel  joists  and  steel  girders,  the  joists  being  spaced  4  ft.  or  more  apart. 


;. — Detail  of  framing  of  wood  joists  to 
steel  girders. 


Fig.  89. — Bracket  on  web  of  steel  girder  to 
support  wood  joist. 


Although  in  the  above  cases  fireproofing  is  seldom  used,  it  is,  nevertheless,  very  desirable. 
Tile  is  most  economical  for  this  purpose,  but  concrete  may  be  used.  To  provide  complete  pro- 
tection, it  must  be  put  on  before  the  wood  is  placed.  In  case  (a),  some  protection  for  the  lower 
flange  can  be  provided  by  covering  it  with  metal  lath  and  cement  plaster. 

In  case  (a),  the  simplest  detail  is  to  rest  the  joists  on  top  of  the  girders.  If  headroom  under  the  girders  is  a 
consideration,  the  joists  may  be  framed  to  the  sides  of  the  girders,  resting  on  wood  strips,  shelf  angles,  or  the  bottom 
flange  of  wide  flange  beams  (Fig.  88).     If  the  girder  is  tireproofed,  stirrups  must  be  used. 

In  case  (6),  the  wood  joists  may  rest  on  top  of  the  girders,  or,  if  headroom  governs,  be  carried  in  stirrups.  If 
the  depth  of  girder  permits,  brackets  may  be  riveted  to  the  girder  web  (Fig.  89). 
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In  case  (c),  the  wood  floor  may  rest  directly  on  the  steel  joists  and  be  fastened  thereto  by  small  railroad  spikes 
driven  from  below  so  as  to  engage  the  flange  of  the  beam  (these  can  be  readily  driven  with  a  compressed  air  ham- 
mer); or  a  nailing  strip  may  be  bolted  to  the  top  flange.  In  this  construction,  it  is  not  practicable  to  fireproof  the 
top  flange  of  the  girder,  but  fairly  good  protection  can  be  hart  by  encasing  the  bottom  flange  and  the  web  with  tile 
after  the  floor  is  laid.     The  wood  will  furnish  considerable  protection  to  the  top  flange. 


68b.  Tile  Arch  Floors. — ^Tile  arch  floors  serve  to  furnish  the  sub-floor  construc- 
tion and  the  fireproofing  of  the  steel  joists  and  girders  (Fig.  90).  The  finish  floor  may  be  con- 
crete or  a  wood  flooring. 

A  practical  rule  for  the  relation  of  depth  to  span  is  that  the  span  in  feet  shall  not  be  more 

than  ^^  the  depth  of  tile  in  inches, 

{Sleepers  \^ 

.■Cinder  fil/  \  fVood  finish  floor --^  f^ 

i''ii^J"''''^''y''i^'''i''i"''^S^i^"'''''"'"''l'''-''"'''''IJ4^ 


or  a  ratio  of  9  to  1.  The  depth 
of  tile,  depth  of  joists,  and  spac- 
ing of  joists  (or  span  of  tile  arch) 
are  so  related  that  they  must  be 
considered  together,  taking  into 
account  the  following: 

For  a  given  spacing  of  girders, 
there  is  greater  economy  of  steel 
if  deep  joists  are  used  spaced  as 
far  apart  as  their  strength  will  permit.  It  is  desirable  to  space  joists  so  that  they  will  divide 
the  panel  equally,  having  joists  on  column  lines.  The  depth  of  joist  controls  the  total  thickness 
of  floor  construction,  and  the  greater  this  thickness,  the  greater  is  the  dead  load  and  its  co.st. 
The  arrangement  is  indicated  in  Fig.  90  which  shows  the  total  depth  to  be  6  or  7  in.  more  than 
the  depth  of  joist. 

Tile  arch  sets,  in  place,  weigh  approximately  as  given  below,  but  these  weights  will  vary  and 
must  be  checked  locally. 


Plastered  ceiling  ■ 
Fig.   90. — Section  of  flat  tile  arch  floor. 


Thickness 
(inches) 
8 
10 
12 
14 
16 


Weight  per 

square  foot 

(pounds) 

28 

32 

36 

40 

46 


Max.  span 

6  ft.  0  in. 

7  ft.  6  in. 
9  ft.  0  in. 

10  ft.  6  in. 
12  ft.  0  in. 


As  an  illustration,  assume  a  panel  20  X  20  ft.  It  may  be  divided  into  2,  3,  4,  or  5  sub-panels,  having  widths 
respectively  of  10  ft.  0  in.,  6  ft.  8  in.,  5  ft.  0  in.,  and  4  ft.  0  in.     Assume  a  live  load  of  100  lb. 

For  trial,  assume  a  12-in.  joist  with  a  total  floor  thickness  of  19  in.  Then  the  loads  may  be  computed  as 
follows: 

Wood  flooring ;..... Js  in 4 

Cinder  fill 3H  in 28 

Arch  set 14      in.. 40 

Steel  joists ' 

Plaster ?^  in 6 

19       in.  85 

Partitions  (average) 25 

Total  dead  load HO 

Live  load 100 

Total  load 210  lb. 


For  a  10-in.  beam,  the  tile  arch  will  be  12  in.,  decreasing  the  load  4  lb.  per  sq.  ft.  and  making  the  total  206  lb.  For 
a  15-in.  beam,  the  tile  arch  will  be  16  in.  and  the  cinder  fill  4>2  in.,  increasing  the  load  14  lb.  per  sq.  ft.  and  making 
the  total  224  lb.  For  an  18-in.  beam,  the  tile  arch  will  be  14  in.  with  a  6-in.  filler  tile  and  ZM  in.  of  cinders,  in- 
creasing the  load  22  lb.  per  sq.  ft.  and  making  the  total  232  lb. 


A  comparative  estimate  of  costs  can  now  be  compiled  to  determine  which   floor  is  cheapest. 
lurs   ised  are  for  illustration  only;  and  are  given  in  cents  per  square  foot  of  floor: 
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For  these  loads,  beam  sections  required  and  their  comparative  weights  for  respective  subpanel  widths  are: 

Comparative  weights 
Spacing  Beam  sections  (lb.  per  sq.  ft.) 

10  ft.  0  in.  18-in.  46-lb.  I  4.6 

6  ft.  8  in.  15-in.  36-lb.  I  5.4 

5  ft.  0  in.  12-in.  35-lb.  I  (scant)  7.0 

4  ft.  0  in.  12-in.  27H-lb.  I  6.88 

4  ft.  0  in.  10-in.  40-lb.  I  10.00 


The  figures  here 


Spacing 


10  ft.  0  in. 


6  ft.  8  in. 


5  ft.  0  in. 


4  ft.  0  in. 
12-in.  I 


4  ft.  0  in. 
10-in.  I 


Steel  in  place  at  3ji 

Tile  in  place  at  0.6?! 

Cinder  concrete  at  2ji 

Excess  cost  of  columns, 
girders  and  foundations 
to  carry  extra  weight  at 
0.2,! 


4.6  lb. 
62.0  lb. 
33-2  in. 


14  lb. 


Totals. 


13.8,! 
37.2,! 
07.0,! 


02.8,! 


5.4  lb. 
46.0  lb. 
4K  in. 


22.0  1b. 


16.2,! 
27.6,! 
09.0,! 


04.4,! 


7.0  1b. 
40.0  1b. 
3J.^  in. 


60.8,!    57.2,!    52.0,!    51.6,' 


21.0,!  6.88  1b. 
24.0,!  40.0  lb. 
07.0,!     3>^  in. 


20.6,! 
24.0,< 
07.0,! 


10.0  1b. 
36.0  1b. 
3H  in. 


30.0,! 
21.6,! 
07.0,! 


58.6,! 


This  tabulation  indicates  the  4-ft.  spacing  with  12-in.  joists  to  be  cheapest,  but  a  closer  analysis  would  probably 
ihow  in  favor  of  the  5-ft.  spacing  because  of  the  smaller  number  of  pieces  of  steel  and  tile  to  be  handled. 

If  there  happens  to  be  close  competition  between  two  depths  of  beams,  the  effect  of  the  increased  height  of 
walls  and  columns  may  be  a  determining  factor. 

Where  the  height  of  buildings  is  limited  by  law,  the  floor  thickness  may  become  very  important,  possibly 
afTecting  the  number  of  stories  for  the  building.  This  may  justify  the  increase  in  cost  of  the  floor  resulting  from 
;he  use  of  shallower  but  heavier  beams. 

As  a  conclusion  of  the  foregoing  analysis,  it  is  determined  that  12-in.  joists  will  be  adopted  as  typical.  Note 
that  this  analysis  is  given  only  to  illustrate  the  method  used  and  that  prices  and  beam  sections  and  weights  will 
vary  from  time  to  time. 

To  prevent  joists  from  spreading  from  the  thrust  of  the  arches  during  construction  and  in 
outside  panels,  tie  rods  are  used  spaced  5  to  7  ft.  apart.     The  details  are  shown  in  Fig.  91. 

If  one  end  of  an  arch  is  supported  by  a  girder  deeper  than 
the  typical  joist,  a  shelf  angle  may  be  used,  or  the  skew-back  may 
be  blocked  up  from  the  bottom  flange  of  the  girder  (Fig.  92). 
"  The  typical  joist  having  been  determined  for  a  given  case,  the 

ceihng  line  is  thus  established  and  a  deeper  joist  cannot  be  used 
in  any  special  situation  without  projecting  below  the  ceiling  line. 


-{^ 


^r 


^ 


< 


AO^^^b 


Fig.  91. — Detail  of  tie 
rods  in  tile  arch  floor. 


Fia.  92. — Support  of  tile  arch  at  girder. 


This  is  illus- 


If  a  shallower  joist  is  used,  it  is  placed  flush  on  the  bottom  with  the  typical  joist. 
trated  by  Fig.  93. 

68c.  Concrete  Floors. — When  a  concrete  floor  is  used  on  steel  framing,  the  con- 
crete is  also  used  for  fireproofing  the  steel.  Whether  or  not  the  concrete  provides  the  floor  finish 
is  not  pertinent  to  the  subject  under  discussion,  only  as  the  weight  may  be  affected.  Wood  or 
other  floor  finish  may  be  placed  on  top  of  the  slab.  If  flat  ceiling  finish  is  required,  some  form  of 
suspended  ceiling  will  be  attached  to  or  suspended  from  the  bottom  flanges  of  the  joists. 
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The  combinations  of  concrete  floor  and  steel  framing  most  frequently  occurring  are : 

(o)  Concrete  slab  resting  on  steel  joists. 

(6)    Concrete  slab,  or  slab  with  concrete  joists  spanning  from  girder  to  girder. 

(c)    Concrete  slab  supported  by  girders  on  four  sides. 

The  fireproofing  of  the  steel  beams  is  accomplished  by  encasing  them  in  the  concrete, 
using  a  minimum  cover  of  2  in.  or  such  other  amount  as  specified  by  proper  authoritj'.  No 
special  details  of  the  steel  beams  are  required  for  supporting  the  casing.  On  deep  plate  girders, 
however,  it  may  be  desired  to  save  weight  of  concrete  by  paneling  the  sides,  in  which  case  it 
may  be  desirable  to  punch  the  web  plate  for  anchors.  Some  form  of  steel  fabric  on  the  bot- 
tom flanges  and  vertical  wires 
r/oor  line  -^ . 


L I 


Ceiling  line-^ 


Smaller 
joists 


'Typical 
joisr 


Special 
heavy  joisr 


on  the  sides  are  used  to  secure 
the  fireproofing  in  place  and  art 
provided  in  detailing  the  con- 
crete. 

The  thickness  of  concretf 
on  top  of  the  beams  should  b( 
not  less  than  3  in.  and  mon 
may  be  required  if  many  pipes 
are  to  be  embedded.  If  th( 
slab  used  is  greater  than  tht 
amount  determined  as  neces- 
sary over  the  tops  of  the  beams 
the  bottom  of  the  slab  may  b< 
below  the  top  of  the  beams.  The  tops  of  all  the  joists  and  girders  are  placed  at  one  leve 
unless  some  special  condition  requires  otherwise  (compare  with  tile  arch  construction,  Fig.  93). 
In  case  (o),  if  the  thickness  of  slab  is  determined  as  previously  specified,  the  greatest  econ- 
omy of  steel  will  be  effected  by  spacing  the  joists  as  far  apart  as  the  slab  will  span,  being  Hmitec 
of  course,  by  equal  divisions  of  the  panel,  so  that  joists  will  occur  on  column  lines.  If  not  s« 
established,  an  analysis  must  be  made  of  all  the  possible  spacings  to  determine  the  cheapes 
— combination. 

As  an  illustration,  assume  a  panel  20  X  20  ft.  and  a  live  load  of  100  lb.  per  sq.  ft.  The  panel  may  be  di%'ide< 
into  2,  3,  4,  or  5  sub-panels,  having  widths  respectively  of  10  ft.  0  in.,  6  ft.  8  in.,  5  ft.  0  in.,  and  4  ft.  0  in.  Thi 
thickness  of  slabs  and  weight  of  reinforcement  required,  are: 


Oirder  ■ 

Fig.  93. — Diagram  showing  the  relative  position  of  joists  and  girder 
in  tile  arch  floor. 


Span  of  slab 

10  ft.  0  in. 

6  ft.  8  in. 

5  ft.  0  in. 

4  ft.  0  in. 


Thickness 
(inches) 

4 
3 
3 


Weight  of  reinforcement 
(lb.  per  sq.  ft.) 
1   65 
1    10 
0  85 
0.85 


The  approximate  loads  per  square  foot  of  floor  can  now  be  computed  from  which  to  determine  the  beam 


Spacing 


10  ft.  0  in. 


6  ft.  8  in. 


5  ft.  0  in.        4  ft.  0  in. 


Slab 

Beam  casing. . . . 

Steel 

Ceiling 

Partitions 

Live  load 

Totals 


68 

20 

5 


126 
100 


226  lb. 


50 
24 

6 

8 
25 

113 
100 

213  1b. 


38 

25 

6 


102 
100 


202  lb. 


38 

32 

6 


109 
100 


209  lb. 
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From  these  loads,  the  beam  sections  required  and  their  comparative  weights  for  the  respective  sub-panel  widths  are: 


Spacing 

10  ft.  0  in. 

6  ft.  8  in. 
5  ft.  0  in. 
4  ft.  0  in. 


Beam  section 

18-in.  46-lb.  I 
15-in.  60-lb.  I 
15-in.  36-lb.  I 
12-in.  31>i-lb.  I 
12-in.  37>^-lb.  I 
10-in.  35-lb.  I 


Comparative  weights 
(lb.  per  sq.  ft.) 
4.6 
6.0 
5.4 
6.3 
6.88 
8.75 


A  comparative  estimate  of  costs  can  now  be  compiled.     The  figures  here  used  are  for  illustration  only,  and  are  given 
in  cents  per  square  foot  of  floor: 


Spacing 


Steel  in  place  at  3.0i 

(Concrete  in  slpb  and  beam  casing  at  30^ 

Reinforcing  in  place  at  3.0f^ 

Forms  for  slab  at  9. Off 

Forms  for  beams  at  9. Off 

Excess  cost  of  columns,  girders,  and 
foundations  to  carry  excess  weight  at 
0.2»! 

Totals 


10  ft.  0  in.(18in.I) 

4.6  lb. 

13.8ff 

O.eOcu.  ft. 

18.0^ 

1 .  65  lb. 

5. Off 

1.0    sq.  ft. 

9. Off 

0.40  sq.  ft. 

3.6(f 

24  lb. 

4.8ff 

54. 2»! 

10  ft.  0  in.(15-in.I)  6  ft.  8  in. 


6.0  lb. 

18. Off 

0.58  cu. 

ft. 

17.4ff 

1.65  lb. 

5. Off 

1.0    sq. 

ft. 

9. Off 

0.34  sq. 

ft. 

3.1<f 

20  1b 

4.  Off 
56.5,f 

5.4    lb. 
0.50  cu.  ft. 
1.10  lb. 
1.0  sq.  ft. 
0.51  sq.  ft 


1  lb. 


16.2ff 
15. Off 
3.3ff 
9. Off 
4.6ff 


0.2i 


48.3ff 


Spacing 


Steel  in  place  at  3.0^ 

Concrete  in  slab  and  beam  casing  at  30ff 

Reinforcing   in  place  at  3. Off 

Forms   for  slab  at  9. Off 

Forms  for  beams  at  9.0^ 

Excess  cost  of  columns,  girders,  and 
foundations  to  carry  excess  weight  at 
0.2ff 

Totals 


5  ft.  0 

n. 

4    ft.  0  in.(12in.I) 

4  ft.O  in.dO 

-in. I) 

6.3    lb. 

18.9ff 

6.9    lb. 

20.7ff 

8.8    lb. 

26.4? 

0.42  cu.  ft. 

12.6ff 

0.47  cu.  ft. 

14. Iff 

0.42cu.  ft. 

12.6ff 

0.85  lb. 

2.5,f 

0.85  lb. 

2.5,f 

0.85  lb. 

2.5^ 

1.0    sq.ft. 

9. Off 

1.0  sq.  ft. 

9.  Off 

1.0    sq.  ft. 

9. Off 

0.61  sq.ft. 

5.5ff 

0.77  sq.  ft. 

7. Off 

0.60  sq.ft. 

7.2,f 

0  lb. 

O.Off 

7  1b. 

1.4ff 

0.0 

48.5ff 

54.7«f 

57.7fi 

SJab  and  joist  construction 


'iC^Ai'i] 


The  foregoing  computations  show  little  choice  between  the  5  ft. 
0-in.  spacing  with  a  12-in.  joist,  and  the  6  ft.  8-in.  spacing,  with  a 
15-in.  joist.  If  the  clear  height  of  story  is  fixed,  the  shallower  beam 
would  probably  be  selected  as  there  would  be  relative  saving  in 
columns,  walls,  and  partitions.  Comments  in  the  preceding  article, 
regarding  limits  of  building  heights,  also  apply  here. 

As  a  conclusion  of  the  foregoing  analysis,  it  is  determined  that 
12-in.  joists  will  be  adopted  as  typical. 


Concrete  floor  and  tile  fillers 


Concrete  Floor  with  thin  slab  and 

close  spacing  of  joists^  made  with  removoble 

metal  forms 

Fig.  94. — Three  t.ypes  of  concrete  floor. 


li 

isii 

i 

Fig.   95. — Sections  showing  relation  of  girders  to  concrete  floors. 


For  case  (6),  there  may  be  a  flat  slab  heavy  enough  to  span  from  girder  to  girder,  no  joists 
being  required;  or  there  may  be  a  thin  concrete  slab  with  concrete  joists.  Fig.  94  shows  three 
t3'^pes  of  floors  with  concrete  joists.      Fig.  95  shows  sections  through  the  girder. 
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No  special  detaib 


The  top  of  the  girder  must  be  at  least  3  in.  below  the  top  of  the  slab 
of  the  girder  are  required. 

In  buildings  several  stories  high  where  the  girders  are  steel  and  the  joists  concrete,  it  ma> 
be  necessary  to  provide  steel  members  on  column  lines  to  act  as  struts  for  bracing  the  columns. 
If  not  used,  temporary  bracing  must  be  provided  to  hold  the  columns  accurately  plumb  until 
the  concrete  is  in  place. 

Case  (c)  occurs  when  a  flat  slab  is  used,  reinforced  in  two  directions.  It  requires  no  special 
details  of  the  girder.     For  load  effect  on  girder,  see  Sect.  2,  Art.  39c. 

69.  Design  of  Joists. — ^The  method  of  determining  the  proper  spacing  of  joists  for  various 
kinds  of  floor  construction,  has  been  described  on  the  preceding  pages.  The  unit  loads  can  noW' 
be  accurately  computed.  The  area  supported  is,  of  course,  the  spacing  multiplied  by  the  length. 
The  loads  used  are  the  full  dead  and  live  loads. 

The  joist  is  designed  as  a  simple  beam,  no  account  being  taken  of  the  restraint  furnished  by 
the  end  connections.  The  joist  section  is  designed  for  bending  and  shear  resistance,  the  stand- 
ard tables  being  used  for  this  purpose. 

For  long  spans  with  light  loads,  the  deflection  needs  to  be  considered.  The  practical  limit  of  length  is  24  times 
the  depth,  if  the  beam  is  loaded  to  its  capacity.  For  short  spans  with  heavy  loads,  the  strength  of  the  standard 
end  connection  may  govern  the  depth  of  beam  or  a  special  connection  may  have  to  be  designed. 

Concentrated  loads  may  occur  on  joists  from  partitions,  around  stair  and  elevator  shafts,  etc.  The  result- 
ing bending  moments  and  shears  must  be  computed  for  such  cases  and  combined  with  the  bending  moments  and 
shears  from  the  uniformly  distributed  loads.  As  this  occurs  more  generally  with  girders,  it  is  discussed  further  in 
the  next  article. 

The  I-beam  is  the  proper  section  to  use  for  joists,  except  in  special  cases.  The  minimum  weight  section  of  a 
given  depth  is  most  economical,  and  should,  if  possible,  be  selected  as  the  typical  joist. 

Having  adopted  a  typical  joist,  there  will  be  found  cases  where  a  shallower  joist  can  be  used  and  ordinarily 
there  will  be  no  objection  to  its  use  (see  Fig.  93).  There  will  be  found  other  cases  where  the  tj'pical  joist  is  not 
strong  enough.  Then,  if  it  is  not  permissible  to  have  it  project  below  the  ceiling  level,  a  heavier  joist  of  the  same 
depth  will  be  used.  If  the  heaviest  weight  I-beam  will  not  suffice,  a  special  section  can  be  built  up  of  two-chan- 
nels, or  two  channels  and  a  web-plate  (see  Fig.  93). 

70.  Design  of  Girders. — In  addition  to  the  loads  brought  to  it  by  the  joists,  the  girder 
carries  its  own  weight  and  its  fireproofing.  It  may  also  have  special  loads  from  partitions,  stairs, 
etc.  The  joist  loads  are  concentrated,  the  weight  of  the  girder  is  uniformly  distributed,  and  the 
special  loads  may  be  either  concentrated  or  distributed. 

The  total  load  on  the  girder  is  not  the  whole  panel  load,  as  some  joists  connect  directly  to 

the  columns,  but  the  effect  on  the  girder  resulting  from  the  joist  concentration  is  nearly  the 

,,^  QQ  ^,        same  as  if  the  whole  panel  load  were  applied  as  uniformly 

j  T=s=>'  ;p    ^;        distributed.     This  latter  method  of  applying  the  load  (a) 

I  j  !  3   \a  I        is  exact,  if  the  length  of  girder  is  from  center  to  center  of 

I  r^         A-       p^y^  j,g^^       columns  and  the  number  of  sub-panels  is  even ;    (b)  is 

Double  i-Beom     ffeinforeed  »"f>i  Steel  Draphram  exccssivc,  if  the  length  of  girdcr  is  Substantially  Icss  than 

mge     m  wt^^°5+J^"         °  ^j^g  ccutcr  to  Center  distance  of  columns,  or,  if  the  num- 

IT  T"  ber  of  sub-panels  is  odd, 


F 


Box  Girder 


.Plofe  Qinkr 


Fig.  96. — Girder  sections. 


In  making  the  final  design  of  a  girder,  it  is  usually  worth  while 
to  make  accurate  calculations,  taking  advantage  of  the  actual 
length  of  the  girder,  and  the  concentration  of  the  loads. 

A  concrete  floor  spanning  from  girder  to  girder,  gives  a  uni- 
formly distributed  load  on  the  girder,  unless  concrete  joists  are  used 
with  wide  spacing,  in  which  case  the  comments  relating  to  steel 
joists  will  apply. 

If  a  slab  reinforced  in  two  directions  is  supported  on  four  sides,  the  panel  load  is  equally  divided  between  the 
girders,  but  is  not  uniformly  distributed  along  the  girders  (see  Sect.  2,  Art.  39f). 

The  preferred  section  for  a  girder  is  a  single  I-beam  or  a  plate  girder.  A  double  I-beam,  a  double  plate  girder, 
or  a  box  girder,  is  used  when  the  allowable  depth  is  not  sufficient  for  a  single  beam  or  plate  girder  (see  Fig.  96). 

71.  Arrangement  of  Girders  and  Joists. — It  is  assumed  that  column  locations  and  conse- 
quently the  sizes  of  floor  panels  are  governed  by  other  considerations  than  the  floor  construction. 
With  the  panel  arrangement  fixed,  it  must  be  decided  in  which  direction  to  place  the  girders. 
There  are  a  number  of  considerations:  (1)  The  girders  can  best  be  enclosed  in  cornices  if  over 
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partitions,  as  along  corridors;  (2)  they  intercept  less  light  if  placed  at  right  angles  to  the  outside 
walls;  (3)  they  will  be  shallower  if  used  on  the  shorter  span;  and  (4)  economy  may  be  the  im- 
portant factor.     All  of  these  considerations  must  be  weighed. 

The  following  is  taken  from  Burt's  "Steel  Construction"  by  permission  of  the  American 
Technical  Society. 

Fig.  97  illustrates  a  typical  floor  panel  in  a  building.  It  is  desired  to  investigate  the  various  possible  ar- 
rangements of  framing  for  this  panel.  Assume  that  the  dead  load  on  the  joists  is  80  lb.  per  sq.  ft.  including  the 
weight  of  joists  (but  not  the  weight  of  the  girders  and  their  fireproofing) ;  and  that  tlie  live  load  is  100  lb.  per  sq.  ft. 
on  joists,  and  85  lb.  per  sq.  ft.  on  girders. 

Scheme  (a). — Scheme  (a)  places  the  girders  on  the  longer  span  and  divides  the  panel  into  four  parts.  The 
joists  are  spaced  5  ft.  4J-2  in.  center  to  center. 


^V-65^I 


^ 


Do. 


H— 


H— 


"— 1 

^ . 

(e) 

— 

' 

A — 
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Fig.  97. 
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H^ 
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23185 

-Alternate  arrangements  of  steel  joist  and  girder  framing. 


Area  supported  by  one  joist  =  16  X  5%  =  86  sq.  ft. 


Dead  load  on  one  joist  =  86  X  80      =    6880  lb. 
Live  load  on  one  joist  =  86  X  100     =    8600  lb. 


Total  load     =     15,480  lb. 

This  total  load,  15,480  lb.,  is  uniformly  distributed  on  a  span  of  16  ft.      The  table  of  safe  loads  in  the  steel  handbook 
indicates  a  10-in.  25-lb.  I. 

The  girder  carries  the  reactions  of  the  joists  on  each  side  and  the  weight  of  itself  and  of  its  fireproofing  (assumed 
at  200  lb.   per  lin.   ft.).     On  the  theory  that  the  whole  floor  will  not  be  loaded  at  one  time,  the  live  load  on  the 
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gilder  is  taken  at  85  lb.  per  sq.  ft.     The  length  of  span  is  taken  at  20  ft.  6  in.  (allowance  being  made  for  the  width 
of  the  column).      Then  the  loads  on  the  girder  are  as  indicated  in  the  figure  and  the  bending  moments  are: 

(4100)  (20H) 


For  uniformly  distributed  load,  M   = =  10,.5000ft.-lb. 

+  21,135  X  lOH  =  216,634 

-  14,190  X    5%  =     76.271  =  140,-363 

Total  bending  moment  =  150,863  ft.-lb. 


For  concentrated  loads  • 


This 


Fig.  98. 


From  the  table  of  resisting  moments  in  the  steel  handbook,  a  20-in.  65-lb.  I  is  indicated. 

Scheme  (6). — Scheme  (6)  places  the  girders  on  the  longer  span  and  divides  the  panel  into  three  parts, 
requires  a  12-in.  313'^-lb.  I  for  the  joist  and  a  20-in.  65-lb.  I  for  the  girder. 

Similarly  the  other  schemes  can  be  designed  and  comparative  costs  estimated  as  in  the  previous  articles. 

Choice  of  Scheme. — A  number  of  considerations  will  affect  the  final  decision  as  to  the  scheme  to  be  adopted. 
The  character  of  the  floor  construction  will  limit  the  spacing  of  the  joists.  It  might  eliminate  schemes  (6),  (c),  (d), 
and  (/).  The  thickness  of  floor  construction  may  be  important,  in  which  case  scheme  (a)  would  be  preferred  as  to 
joists  and  scheme  (g)  as  to  girders.  The  thickness  of  floor  may  affect  its  cost  and  also  the  dead  load  to  be  carried 
by  joists,  girders,  and  columns,  making  the  thinner  floor  preferable  on  this  account.  A  flat  ceiling  may  be  re- 
quired over  the  entire  area,  in  which  case,  scheme  (g)  is  applicable. 

72.  Details  of  Connections.  ^ 

72a.     Connection  of  Beams  to  Beams.— When  one  beam  bears  on  top  of  another, 
the  only  connection  required  is  rivets  or  bolts  through  the  flange,  as  shown  in  Fig.  98.      Xo 

stress  is  transmitted  by  these  rivets  or  bohs.  They 
serve  simply  to  hold  the  beams  in  position.  Steel 
clips  are  sometimes  used  for  this  purpose  (Fig.  99), 
but  as  they  are  not  positive  in  holding  the  beams  in 
position,  they  are  not  as  good,  especially  when  lateral 
support  is  required.  "WTien  this  is  not  important,  the 
clips  can  be  used  and  may  effect  a  saving  in  cost. 
These  clips  are  most  useful  for  attaching  tees  and 
angles  to  beams  in  ceiling  and  roof  construction. 
Angle  Connections. — The  most  common  method  of  connecting  one  beam  to  another  is  by 
means  of  angles  riveted  to  the  web.  There  are  several  sets  of  standard  connections,  various  con- 
cerns having  their  own  standards.  The  standard  connections  given  in  the  latest  edition  of  the 
Carnegie  Pocket  Companion,  are  recommended.  The  two-  angle  connection  is  generally  used, 
but  when  beams  are  used  in  pairs,  or  when  for  any  reason  the  two-angle  connection  cannot  be 
used,  the  one-angle  connection  is  employed.  The  rivets  used  in  the  standard  connections  are 
^^  in.  in  diameter. 

The  strength  of  the  two-angle  connection  may  be  limited  by 

(1)  Shop  rivets  in  double  shear. 

(2)  Field  rivets  in  single  shear. 

(3)  Shop  rivets  in  bearing  in  web  of  joist. 

(4)  Field  rivets  in  bearing  in  web  of  girder. 

For  example,  take  the  connection  for  a  15-in.  42-lb.  I: 

(1)  6  shop  rivets  in  double  shear 
6  X  10,300  =  61,800  lb. 

(2)  8  field  rivets  in  single  shear 
8  X  4420  =  35,360  lb. 

(3)  6  shop  rivets  in  bearing  in  web  of  joist 
6  X  0.41  X  0.75  X  25,000  =  46,125  lb. 

(4)  8  field  rivets  in  web  of  girder. 

The  thickness  of  the  web  is  not  given.  It  must  be  at  least  0.30  in.  for  a  connection  on  one  side  only,  or  of  twice 
this  thickness  if  an  equal  connection  is  on  the  opposite  side,  in  order  to  have  the  same  strength  as  the  field  rivets  in 
shear.  The  shearing  strength  of  this  connection,  35,360  lb.,  corresponds  to  the  maximum  safe  uniformly  distrib- 
uted load  on  a  span  of  about  9  ft.  It  is  less  than  the  shearing  strength  of  the  web  of  the  beam.  It  rarely  happens 
that  the  strength  of  the  connection  is  less  than  required,  and  occurs  only  when  the  beam  is  short  and  heavily  loaded, 
or  when  a  heavy  load  is  applied  near  the  end.  Lack  of  bearing  in  the  web  of  the  girder  is  more  likely  to  occur,  but 
this  is  not  frequent.  If  it  does  happen,  however,  angles  with  6-in.  legs  may  be  used  to  provide  space  for  more  rivets, 
or  a  reinforcing  plate  may  be  riveted  to  the  web  of  the  girder  (Fig.  100). 

'  From  Burt's  "Steel  Construction"  by  permission  of  the  American  Technical  Society. 
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Special  Connections. — When  beams  on  the  two  sides  of  a  girder  do  not  come  opposite  or 
are  of  different  sizes  so  that  the  standard  connections  do  not  match,  it  is  necessary  to  devise  a 
special  connection.  If  a  beam  is  flush  on  the  top  or  on  the  bottom  with  the  one  to  which  it 
connects,  the  flange  must  be  coped  (Fig.  101).  A  number  of  special  connections  are  shown  in 
Fig.  102  and  need  no  explanations. 


Fig.   100. 


t2'-3/i*I 


Cope  h 


Cope  fo 


Fig.   102. — Details  of  beam  connections. 


72b.  Connections  of  Beams  to  Columns. — A  beam  may  connect  to  a  column  be 
means  of  a  seat  or  by  means  of  angles  on  the  web.  The  great  variety  of  conditions  that  may  by 
encountered  make  it  impracticable  to  have  standards  for  these  connec- 
tions, though  the  work  of  each  shop  is  standardized  to  some  extent. 

Seat  Connections. — ^The  seat  connection  is  shown  in  Fig.  103. 
This  seat  or  bracket  is  made  up  of  a  shelf  angle,  one  or  two  stiffener 
angles,  and  a  filler  plate.  The  load  is  transmitted  by  the  rivets, 
acting  in  single  shear,  which  connect  the  bracket  to  the  column. 
The  number  of  rivets  used  is  proportioned  to  the  actual  load  instead 
of  being  standardized  for  the  size  of  the  beam.  The  stiffener  angles 
support  the  horizontal  leg  of  the  shelf  angle  and  carry  the  load  to  the 
lower  rivets  of  the  connection. 

Shelf  angles  are  6,  7,  or  8  in.  vertical,  and  4  or  6  in.  horizontal,  having  a  thick-       Yiq.   103. Seated    connec- 

ness  of  J'fe  to  J4  in.,  depending  on  the  size  of  beam  and  the  load.     The  leg  of  the    tion  of  beam  to  column, 
stiffener  angle  parallel  to  the  web  of  the  beam  is  usually  3-2  or  1  in.  less  in  width 

than  the  horizontal  leg  of  the  shelf.  The  leg  against  the  column  is  governed  by  the  gage  line  of  the  rivets  in  the 
column.  The  filler  is  the  same  thickness  as  the  shelf  angle.  An  angle  connecting  the  top  flange  of  the  beam  to 
the  column  is  generally  used.  It  is  not  counted  as  carrying  any  of  the  load,  but  serves  to  hold  the  top  of  the 
beam  in  position  and  stiffens  the  connection.  The  rivets  connecting  the  bottom  flange  of  the  beam  to  the  shelf 
serve  only  to  hold  the  members  together  and  make  a  stiff  connection.     Usually  there  are  only  two  rivets  in  each 
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flange  but  aometimes  larger  angles  and  more  rivets  are  used  to  develop  resistance  to  wind  stresses.     Fig.  104  gives 
a  number  of  examples  of  seat  connections. 

The  advantages  of  the  seat  connections  are; 

(1)  All  shop  riveting  is  on  the  column  which  is  a  riveted  member.      No  shop  riveting  is  required  on  the  beam 
which  thus  needs  only  to  be  punched. 

(2)  The  seat  is  a  convenience  in  erecting. 

(3)  The  rivets  which  carry  shear  are  shop  driven. 

(4)  The  number  of  field  rivets  is  small. 

Web  Connections. — The  web  connection  is  made  by  means  of  two  angles  (Fig.  105).  The 
legs  parallel  to  the  beam,  rivet  to  the  web,  and  the  outstanding  legs  to  the  columns.  The  con- 
nection to  the  web  of  the  beam  is  governed  by  the  same  conditions  as  the  standard  beam  con- 


FiG.  105. — Web  connection  of  beam  to  column. 


Fig.   106. 


Fig.    104. — Types  of  seat  connections. 

nection.  The  length  of  the  outstanding  leg  is  governed  by  the  gage  Hnes  of  the  rivets  in  the 
column  or  the  space  available  for  them.  Usually  the  angles  are  shop  riveted  to  the  beam  and 
field  riveted  to  the  column.  If  the  angles  were  shop  riveted  to  the  column,  it  would  be  difficult 
or  impossible  to  erect  the  beam.  However,  one  angle  maj^  be  shop  riveted  to  the  column  and 
the  other  furnished  loose.  In  this  case,  the  number  of  field  rivets  generally  will  be  the  same  as 
if  the  angles  were  shop  riveted  to  the  beam,  but  the  shop  riveting  on  the  beam  will  be  ehminated, 
which  is  an  advantage.  When  this  connection  is  used,  a  small  seat  angle  is  provided  for  con- 
venience in  erecting. 

The  advantage  of  the  web  connection  is  the  compactness  of  the  parts,  keeping 
within  the  limits  of  the  fire-proofing  and  plaster,  whereas  the  seat  connection  may 
necessitate  special  architectural  treatment  to  fireproof  it  or  conceal  it  (Fig.  106). 


Fig.    107. 


72c.  Separators. — When  beams  are  used  in  pairs  or 
groups,  some  connection  is  usuallj''  made  between  them  at  short 
intervals.  The  connecting  piece  is  called  a  separator.  If  the  purpose 
to  be  served  is  merely  to  tie  the  beams  together  and  keep  them  properly  spaced,  the  gas-pipe 
separator  is  used  (Fig.  107).  This  consists  of  a  piece  of  gas  pipe  with  a  bolt  running  through 
it.  This  form  is  used  in  lintels  and  in  grillage  beams.  For  beams  6  in.  or  less  in  depth,  one 
separator  and  bolt  may  be  used;  for  greater  depth,  two  should  be  used. 
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The  separator  most  commonly  used  is  made  of  cast  iron  (Fig.  108).  It  not  only  serves  as  a  spacer  but  it  stiff- 
ens the  webs  of  the  beams  and,  to  a  limited  extent,  transmits  the  load  from  one  beam  to  the  other  in  case  one  is 
loaded  more  heavily.  It  seldom  fits  exactly  to  the  beam,  so  it  cannot  be  relied  upon  to  transmit  much  load.  One 
bolt  is  used  for  beams  less  than  12  in.  deep  and  two  bolts  for  12-in.  and  deeper  beams.  The  dimensions  and  weights 
of  separators  and  the  bolts  for  them  are  given  in  the  steel  handbooks.  They  can  be  made  for  any  spacing  of  beams 
and  special  shapes  can  be  made  for  beams  of  different  sizes  (Fig.  109). 

The  individual  beams  of  a  pair  or  group  should  be  designed  for  the  actual  loads  which  they  carry,  if  it  is  prac- 
ticable to  do  so.  If  it  is  necessary  to  transfer  some  load  from  one  to  the  other,  a  steel  separator  or  diaphragm  should 
be  used.     This  may  be  made  of  a  plate  and  four  angles,  or  of  a  short  piece  of  I-beam  or  channel  (Fig.  110).     If 


•ir-ii 


Fig.  108. 


Fig.  109. 


Fig.   110. 


(the  beams  are  set  close  together,  the  holes  must  be  reamed  and  turned  bolts  must  be  used  in  order  to  get  an  efficient 
iconnection.  If  the  beams  are  set  with  4-in.  or  more  clearance  between  the  flanges,  the  separator  can  be  riveted  to 
the  beams. 

Specifications  usually  require  that  separators  be  spaced  not  further  than  5  ft.  apart.     They  should  be  placed 
<at  points  of  concentrated  loads  and  over  bearings. 

73.  Special  Framing. — The  typical  arrangement  of  joists  and  girders  must  be  modified  to 
meet  special  requirements. 

73a.  Stair  Wells. — The  exact  dimensions  and  location  of  the  stair-well  opening 
must  be  determined  from  the  architectural  plan.  Fig.  Ill  illustrates  a  case.  It  shows  a  well 
for  a  double-run  stairway.     It  is  placed  against  an  outside  wall  as  indicated. 


Fig.   111. — Framing  around  stairwell,  chimney,  and  pipe  shaft. 


Beam  (1)  is  placed  off  center  of  the  column  on  this  account.  In  addition  to  the  wall  load  it  gets  a  load  from 
beam  (4)  and  from  the  intermediate  stair  landing  (not  shown). 

Beam  (4)  carries  a  small  area  of  floor  and  also  the  weight  of  the  stairs,  both  up  and  down.  It  must  be  so  de- 
signed and  so  placed  as  to  provide  convenient  connections  for  the  stair  stringers  if  steel  stringers  are  used. 

Beam  (5)  carries  the  reactions  from  beams  (4)  and  (6).  It  may  also  carry  an  enclosing  partition  and  a  part  of 
the  intermediate  stair  landing. 

Beam  (3)  carries  the  reactions  from  beam  (5)  in  addition  to  floor  load,  and  it  may  also  carry  an  enclosing 
partition. 
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736.  Elevator  Wells. — Fig.  112  shows  a  bank  of  three  elevators  with  provisioi 
for  a  fourth.  In  this  instance  they  are  placed  against  the  outside  wall.  The  width  of  elevato 
has  been  adjusted  to  suit  the  column  spacing.  The  locations  of  nearby  partitions  and  propose) 
ceiling  treatment  will  influence  the  arrangement  of  the  framing. 

No  loads  come  from  the  ele 

^'^'(i'o'C''''''--f^.''''''''':'^  vators  at  the  floor  levels,  the  entir 

'.^w.//////M//,-~\  :,,■::  ,^,  ! ':,.,',,",. ,v,*T*3       weight  being  carried  by  the  over 

head  framing.     There  will  be  load 
from  the  elevator  enclosure. 

Beams  (35)  provide  lateral  suppoi 
for  the  elevator  guides  and  carry  di^-idin 
partitions,  if  any. 

In  this  case,  column  36  is  omitted  t 
give  a  clear  lobby.  This  requires  a  heav 
girder  between  columns  35  and  37.  T 
save  headroom  below,  a  double  girder 
used  consisting  of  beams  (37)  and  (38 
Two  steel  beams  will  be  used.  As  the 
are  not  equally  loaded,  they  must  1: 
designed  separately;  however,  both  bean 
may  be  the  same  size  if  provided  wit 
steel  separators  as  indicated.  In  an 
event,  such  separators  should  be  used  s 
as  to  avoid  unequal  deflection  in  tt 
beams. 
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Fig.   112. — Framing  around  elevator  openings. 
All  other  beams  are  easily  designed  to  meet  the  conditions  indicated 


73c,  Pipe  Shafts,  Etc.— Fig.  HI  shows  a  pipe  shaft  and  chimney  space.  Bot 
are  enclosed  in  fireproof  walls  which  must  be  supported  by  the  floor  framing.  Pipes  or  caMc 
in  the  shaft  may  impose  loads  on  certain  floors.  Such  loads  must  be  provided  for  where  the 
occur.  The  chimney  does  not  impose  any  load  on  the  typical  floor  framing.  As  the  chimne 
changes  length  with  variations  of  temperature,  it  must  be  supported  at  one  level  only.  Specif 
^framing  may  be  provided  for  this  support  at  the  first  or  basement  floor. 

Innumerable  variations  of  the  foregoing  special  situations  will  occur  in  floor  framing.  Each  must  be  treat© 
as  a  separate  problem.  The  important  thing  is  to  ascertain  all  the  limiting  conditions.  When  this  it  done,  tb 
designing  is  generally  a  simple  operation. 

74.  Framing  for  Flat  Roofs. — The  problems  involved  in  designing  the  steel  framing  fc 
flat  roofs  are  essentially  the  same  as  for  floors.  But  there  are  some  additional  conditions 
Special  loads  on  roof  framing  come  from  elevator  machinery,  tanks,  pent-house  walls,  signs 
flag  poles  and  kindred  items.  These  having  been  determined  from  the  architectural  require 
ments,  the  roof  framing  is  designed  in  the  same  manner  as  the  floor  framing. 

If  the  top  story  is  to  have  a  finished  ceiling,  it  becomes  a  problem  to  determine  whether  the  framing  shall  be  sf 
level  at  the  ceiling  elevations  or  set  on  a  slope  at  the  roof  elevation.  If  future  stories  are  contemplated,  the  framin 
will  be  set  level  at  the  ceiling  elevation,  and  so  arranged  as  to  serve  as  the  future  floor  framing. 

Unless  there  are  special  considerations  indicating  to  the  contrary,  it  is  usually  better  to  place  the  framing  a 
roof  elevation  and  place  the  beams  parallel  to  the  roof  surface  as  nearly  as  practicable.  This  involves  bevele 
connections  for  many  of  the  joists  and  girders,  but  these  are  not  difficult  to  make.  The  ceiling  can  be  suspends 
from  the  roof  framing  or  from  the  roof  slab  or  arches  by  wire  or  rods. 

In  case  an  attic  space  is  provided,  the  ceiling  may  still  be  suspended  if  no  attic  floor  is  to  be  used,  or  an  indt 
pendent  set  of  framing  may  be  provided.     The  latter  will  be  necessary  if  loads  are  to  be  placed  «n  the  attic  flooi 

75.  Framing  for  Pitched  Roofs. — The  shape  of  the  roof  surface  and  the  kind  of  coverinj 
are  usually  determined  as  a  part  of  the  architectural  design.  The  problem  is,  therefore,  t« 
provide  framing  to  support  a  roof  whose  shape  and  covering  have  been  determined. 

Certain  roof  coverings  are  attached  directly  to  the  purlins  and  require  no  sheathing — such  are  corrugated  stee 
concrete  tiles,  and  some  earthen  tiles.  Most  other  roof  coverings  require  a  sheathing,  interposed  between  th 
roofing  and  the  framing  (see  chapter  on  "Roof  and  Roof  Coverings"). 

Having  selected  the  kind  of  sheathing,  the  next  step  is  to  determine  the  most  economical  purlin  spacing.  Ai 
analysis  of  costs  similar  to  that  used  in  the  study  of  floor  joists  (Art.  686)  will  aid  in  determining  the  spacing. 


Se^ 


Sec.  3-7 5al 


STRUCTURAL  DATA 


417 


spacing  of  approximately  5  ft.  is  a  convenient  one  and  suits  most  of  the  roof  materials.     However,  a  wider  spacing 
may  be  cheaper  for  reinforced  concrete  cast  in  place  and  for  some  types  of  precast  concrete. 

75a.  Design  of  Hip  and  Valley  Rafters. — Where  two  roof  planes  intersect,  they 
form  a  ridge,  valley,  or  hip.  In  Fig.  113,  a  — a'  and  h  —  h',  are  ridges,  6  — c  is  a  valley,  and  a  —  d 
is  a  hip.  This  figure  shows  the 
arrangement  of  trusses,  rafters, 
and  purlins.  The  trusses  are 
designated  by  T,  the  ordinary 
rafters  by  R,  the  hip  rafters  by 
HR  and  the  valley  rafters  by  VR. 
The  hip  and  valley  rafters 
are  designed  in  the  same  man- 
ner as  ordinary  rafters,  taking 
into  account  the  shape  of  the 
loaded  area. 

In  the  case  illustrated  in  Fig.  113, 
truss  T\  supports  the  purlins,  as  indi- 
cated, and  also  the  three  rafters  which 
converge  at  its  apex.  Truss  T3  spans 
between  trusses  Ti,  its  top  chord  serv- 
ing as  the  ridge  purlin,  and  supporting 
the  intermediate  rafters.  A  ridge 
purlin  extends  from  truss  Ti  to  truss 
Ta,  supporting  the  valley  rafters  at  6, 
and  also  the  lower  end  of  a  short  rafter  at  the  same  point. 

76.  Saw-tooth  Skylights. — Saw-tooth  roofs  are  used  to  admit  light  through  the  roof  without 
allowing  direct  sunlight  to  come  through.  To  accomplish  this,  the  glass  must  be  to  the  north 
(in  the  Northern  Hemisphere).  The  glass  surface  may  be  either  vertical  or  inclined  slightly 
to  the  south  of  the  vertical.  The  max- 
imum inclination  which  can  be  used  and 
still  keep  out  direct  sunlight  at  noon ,  is 
23   deg.    less   than   the    latitude    of   the 
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Fig.   113. — Showing  roof  framing  with  hip  and  valley  rafters. 


Fig.   114. — Saw-tooth  skylight  framework 
with  I-beam  rafter. 


Fig.  115. — Saw-tooth  skylight  truss  as  designed  by  M.  S. 
Ketchum. 


place.  The  inclined  surface  admits  more  and  stronger  light,  but  is  more  subject  to  leakage. 
The  vertical  surface  is  generally  preferred.  The  area  of  glass  surface  to  be  provided  will 
be  determined  by  the  lighting  requirements. 

If  the  spacing  of  the  supports  is  such 
as  to  permit  the  use  of  beam  framing,  the 
arrangement  of  members  shown  in  Fig.  114, 
may  be  used.  The  tie  shown  should  be  a 
rigid  member  for  bracing  purposes. 

For  wider  spacing  of  supports,  trusses  are 
used.  The  most  satisfactory  form  is  that  de- 
vised by  M.  S.  Ketchum  and  shown  in  Fig. 
115.  Its  important  advantage  is  that  it 
allows  ample  gutter  space,  being  in  this  regard 
very  much  better  than  the  design  shown  in 
Fig.  114. 

The  design  of  the  trusses  and  purlins 
does  not  involve  any  principles  that  have 
not  been  explained. 


Fig.  116. — Roof  truss  with  monitor  frame. 
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77.  Monitors. — Lighting  and  ventilation  of  mill  buildings  are  often  provided  through  a 
monitor  on  the  roof.  The  monitor  frame  is  mounted  on  the  rafters  or  the  trusses  as  shown  in 
Fig.  116.  It  is  made  up  of  light  angles  as  the  loads  to  be  carried  are  small.  In  the  case  shown, 
the  gravity  loads  are  carried  direct  to  the  main  truss  by  the  vertical  members.  The  diagonal 
members  take  wind  stresses  only.  If  the  monitor  is  wide,  the  top  chord  member  of  its  frame 
may  need  to  be  trussed. 


FLOOR  AND  ROOF  FRAMING— CONCRETE^ 

By  W.  J.  Knight 

78.  Practical  Considerations. — Competition  in  the  economical  design  of  reinforced  concrete 
structures  has  reached  such  proportions,  that  few  engineers  can  afford  to  neglect  the  practical 
and  economic  features  of  design.  On  every  hand  the  engineer  is  confronted  with  the  problems 
of  economy,  when  serving  his  clients  to  the  best  advantage.  Every  prospective  owner,  with 
few  exceptions,  demands  the  best  structure  at  the  cheapest  price.  Therefore,  the  economy  of 
arrangement,  or  the  selection  of  a  floor  system  that  will  result  in  giving  the  last  comparative 


^■'-Alfffrnafin^         Infenor  saan 
-^^^^^^ H  Jo) 


^■■■''Alfernaf/ng  - 


(b) 


I         (c) 


Alfernafing--''       I 

(d) 

Fig.  117. 


cost  consistent  with  strength  for  any  proposed  structure,  cannot  be  over-estimated  in  impor- 
tance. A  thorough  knowledge  of  the  costs  of  materials  and  labor  that  will  be  appHcable  to  the 
various  types  of  construction  which  can  be  used,  may  be  termed  vital  considerations  in  the 
design  of  any  structure.  To  design  a  building  of  sufficient  strength,  without  considering  cost, 
is  not  a  difficult  accomplishment,  but  to  produce  an  arrangement  that  will  afford  both  strength 
and  economy  in  combination,  is  decidedly  another  problem.  Theory  by  itself  is  a  deceiving 
form  of  enlightenment  and  cannot  well  be  applied  intelligently  until  the  many  practical  condi- 
tions governing  design  and  appUcation  are  learned  through  experience  and  made  an  integral 
part  of  theoretical  knowledge. 

It  wiU  often  be  found  expedient  to  make  comparative  estimates  of  a  typical  panel  for  two 
or  more  different  arrangements  to  ascertain  the  relative  cost  of  concrete,  steel  bars  and  centering 
per  square  foot  of  superficial  surface,  and  then  the  most  economical  system  may  be  selected 
from  these  calculations. 

79.  Slab  Steel  Arrangement — Ordinary  Type. — The  arrangement  for  slab  steel  can  be 
accomphshed  in  several  ways.  Fig.  117(o)  shows  an  arrangement  consisting  of  straight  rods  in 
the  bottom  and  loose  rods  in  the  top  over  supporting  members.  This  arrangement,  though 
eliminating  to  a  great  extent  the  cost  of  bending,  is  objectionable  on  account  of  the  difficulty  of 

■  See  also  Appendices  J  and  K. 
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placing  properly  the  loose  rods  in  the  top.  Loose  rods  of  this  nature  should  be  avoided  when 
possible.  This  method  has  been  employed  in  a  great  many  buildings,  but  the  actual  position 
occupied  by  the  top  rods  after  the  concrete  has  been  placed  is  a  question.  Loose  rods  of  this 
type  are  often  placed  after  the  slab  has  been  poured  to  its  full  thickness,  and  the  rods  relied  upon 
to  remain  nea>r  the  top  surface  of  the  wet  concrete.  Laborers  walking  about  engaged  in  screed- 
ing  the  concrete  surface,  can  hardly  be  expected  to  avoid  forcing  them  into  the  bottom  of  the 
slab. 

Fig.  117(6)  shows  an  arrangement  used  very  often  in  short  and  long  span  slabs.  The 
amount  of  steel  over  the  supports  is  the  same  as  at  the  center  of  the  span.  This  arrangement 
requires  the  bending  of  all  rods  with  the  exception  of  alternate  rods  of  end  spans.  Fig.  117(c) 
shows  another  arrangement  that  gives  equal  steel  area  over  supports  and  in  the  center  of  span. 
The  tonnage  to  be  bent  in  this  case  is  less  than  is  required  in  Fig.  1 17(6)  and  is  just  as  satisfactory. 

In  very  short  spans  where  arch  action  is  considered  to  exist,  alternate  rods  only  may  be 
bent  up  into  the  top  of  slab  over  the  supports,  which  afTord  only  one-half  the  steel  area  over 
the  supports  (see  Fig.  117(/). 

79a.  Bar  Supports  and  Spacers. — In  the  light  of  past  experience  the  steel  bars 
of  a  reinforced  concrete  structure  cannot  be  accurately  installed  and  maintained  in  position 
without  the  use  of  some  device  or  devices  that  will  serve  the  purpose  of  supporting  the  reinforc- 
ing bars  the  proper  distance  from  the  bottom  face  or  surface  of  the  concrete,  spacing  them  the 
correct  distances  center  to  center,  and  locking  them  in  position  to  prevent  subsequent  displace- 
ment before  and  during  concreting  operations.  This  very  important  requirement  is  too  often 
neglected  and  omitted  in  specifications  for  reinforced  concrete  work. 

If,  for  example,  J^-in.  round  rods  reinforcing  a  slab  are  shown  spaced  6^  in.  center  to 
center  and  a  certain  minimum  thickness  of  concrete  is  given  to  insure  fireproofness,  it  will  be 
found  impossible  for  the  contractor  even  to  approach,  with  reasonable  accuracy,  the  results 
intended,  in  the  absence  of  some  form  of  device  or  devices  to  make  possible  good,  accurate 
svorkmanship. 

To  maintain  in  proper  position  the  negative  reinforcement  in  continuous  slabs  has  been, 
in  the  past,  a  great  source  of  annoyance  and  dissatisfaction.  Some  engineers  may  contend  that 
[10  failures  have  occurred  as  a  direct  result  of  neglecting  this  important  feature  in  construction 
ivork.  In  this  connection  it  must  be  realized  that  the  factor  of  safety,  which  fortunately  exists 
in  reinforced  concrete,  has  very  often  concealed  glaring  incongruities  of  design  and  construction 
md  has  made  possible  the  continued  practice  of  many  engineers  and  contractors  who  are  sufR- 
;iently  skilled  in  the  performance  of  their  work.  Dangerous  defects  can  result  from  haphazard 
Tiethods  of  placing  steel  bars  by  mechanics  who  are  not  intelligently  disciplined  in  the  execution 
)f  their  work  or  even  trained  to  regard  a  plan  other  than  as  something  incidental,  relying  on 
personal  judgment  and  individual  methods  to  place  and  secure  reinforcement  in  one  position  or 
mother. 

The  ultimate  calculated  strength  of  reinforced  concrete  buildings  cannot  be  reaUzed  until 
;ome  definite,  tangible,  practicable  means  of  securing,  supporting,  and  spacing  of  slab  and  beam 
)ars  is  universally  adopted  by  engineers.  Even  an  inch  variation  in  the  position  of  negative  or 
)0sitive  reinforcement  in  the  direction  of  the  neutral  plane  completely  disturbs  the  theoretical 
iccuracy  of  a  design.  Many  engineers  spend  hours  solving  the  more  exact  moment  distribution 
n  continuous  beams  and  slabs,  for  the  purpose  of  ascertaining  accurate  steel  areas  at  different 
)oints,  and  yet  the  means  to  insure  proper  installation  of  the  steel  is  too  often  a  matter  of 
emote  concern. 

While  the  Joint  Committee  and  other  committees  and  societies  are  conscientiously  attempt- 
ng  to  prepare  reinforced  concrete  specifications  on  design  for  universal  adoption,  there  appears 
o  exist  an  unfortunate  disposition  on  the  part  of  engineers  to  neglect  and  discount  the  impor- 
ance  of  increasing  the  efficiency  of  prevailing  construction  methods.  A  carefully  executed 
iesign  can  be  easily  rendered  a  careless  piece  of  work  in  the  hands  of  contractors,  who  fail  to 
.ppreciate  that  good  design  and  careful  intelligent  construction  methods  are  inseparable  instru- 
lents  of  good  service.  The  fabrication  of  structural  steel  at  the  building  site,  by  means  of 
inskilled  mechanics,  would  be  considered  suicidal  in  the  light  of  good  practice.     The  same 
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general  opinion  will,  no  doubt,  exist  in  the  near  future  about  reinforced  concrete  structure 
erected  without  the  use  of  bar  supports  and  spacers. 

In  continuous  slab  design,  very  satisfactory  results  have  been  obtained  by  employing  higi 
chairs  of  proper  height  and  spaced  about  2  to  4  ft.  on  centers,  parallel  with  the  supports.  Th 
high  chairs  first  receive  a  %-  or  3'^-in.  rod  extending  perpendicular  to  the  main  slab  reinforce 
ment,  the  bent-up  ends  of  the  latter  resting  upon  the  rod  and  chair  supports  (see  Fig.  118^4 
High  chairs  cost  from  4  to  8  cts.  each  and  consequently  add  little,  if  anything,  to  the  cost  o 
construction.     The  proper  position  of  the  bent-up  portion  of  slab  rods  may  also  be  obtained  b 


'Bfom  bar  support  ana  spacer 


ttigT)  cha/r  apacett  ai}ot/f 
e-O"f0f'-O''  oIdo 


Beam  i>or  support  a/xf  .^ace^ 


'Support  anj  ^paixr 


wiring  the  rods  to  the  under  surface  of  wood  screeds,  placed  along  both  sides  of  the  beam  (s< 
Fig.  118B).  Screeds  so  placed  will  also  serve  the  purpose  of  forming  a  gage  by  which  the  spec 
fied  thickness  of  a  slab  may  be  properly  maintained.  The  rods  of  beams  or  girders  should  aL 
-be  supported  and  spaced  by  means  of  mechanical  devices  (see  Fig.  118A).  If  the  bond  stre 
of  concrete  incasing  steel  bars  is  figured,  for  example,  at  100  lb.  per  sq.  in.,  then  a  practicab 
means  of  actually  obtaining  this  safe  value  in  practice  should  be  specified.  Rods  buncht 
together  cannot  be  expected  to  give  results  compatible  with  rods  properly  separated. 


Top  of  screed  and 
sfat>; 


m. 


* 


S/ab  fh/ckness 
Side  Elevation 


Section 
Fig.  llSfi. 

When  city  building  codes  of  the  country  specify  the  use  of  bar  supports  and  spacers  in  tl 
construction  of  every  fireproof  building,  then  engineers  can  reasonably  assume  higher  un 
working  stresses  than  now  exist  in  the  concrete  and  steel  and,  at  the  same  time,  be  entire 
consistent  with  the  results  obtained  by  the  average  present-day  construction  methods. 

796.  Screeds  for  Floor  Slabs. — Various  methods  are  employed  by  contractors 
gage  the  proper  thickness  of  floor  slabs  specified  or  shown  on  a  plan.     The  specified  thickness 
a  slab  cannot  be  realized  at  the  building  unless  contrivances  similar  to  the  commonly  know 
screeds  are  constructed  with  depth  equal  to  the  depth  of  slab  desired  and  installed  at  sue 
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intervals  as  will  permit  the  block  men  to  level  the  surface  of  the  slab  with  a  straightedge  extend- 
ing from  one  screed  to  the  other  (see  Fig.  118C). 

Many  reinforced  concrete  buildings  which  have  been  dismantled  and  removed  to  make 
space  for  more  modern  types  of  construction  have  shown  decided  variations  in  the  thicknesses 
of  slabs  originally  specified  and  those  actually  obtained.  The  neglect  of  this  very  important 
feature  in  building  construction  has  caused  many  discordant  results.  Until  engineers  and 
contractors  reahze  that  brickbats,  isolated  wood  or  concrete  block,  and  other  unsatisfactory 
forms  of  gages  cannot  even  approximate  accurate  adherence  to  slab  thicknesses  required,  it 
must  be  expected  that  the  practices  of  the  past  will  continue  a  detriment  to  accurate 
workmanship. 


Fig.  use. 

80.  Marking  of  Bent  Rods. — A  great  many  serious  errors  have  been  made  in  the  past  by 
installing  the  wrong  bent  rods  in  beams  and  slabs,  principally  due  to  the  absence  of  some 
indestructible  form  of  tag  that  should  serve  as  a  means  of  read}^  identification  for  each  bent  rod 
used  in  a  structure.  When  rods  are  bent  at  the  roUing  mill  or  at  the  building  site,  it  is  most 
difficult  to  identify  them  and  avoid  errors,  unless  painstaking  care  is  exercised  in  giving  each 
bent  rod  or  bundles  of  identical  bent  rods  a  clear,  indestructible  mark  stamped  on  tags  made  of 
non-corrosive  metal.  Cloth  tags  have  been  experimented  with  and  found  decidedly  unsatis- 
factory. Marks  on  such  tags  with  the  use  of  ordinary  or  even  indehble  ink  cannot  survive  the 
wear  and  tear  of  shipping  and  handhng,  without  becoming  disfigured,  detached  from  the  rods, 
or  illegible  from  the  effects  of  water  and  rust.  It  is  common  practice  for  high-priced  iron  work- 
ers to  spend  part  of  each  day  searching  for  and  measuring  bent  rods,  endeavoring  to  locate  the 
material  desired.  Considering  the  high  wages  of  iron  workers  at  the  present  time,  a  monetary 
standpoint  alone  should  even  further  emphasize  the  importance  of  providing  suitable  tags  where 
necessary. 

The  enforcement  of  this  essential  requirement  by  engineers  executing  designs  or  superin- 
tending the  erection  of  structures,  is  simply  another  step  forward  in  making  more  practical  the 
apphcation  of  theory  and  giving  added  assurance  that  the  design  will  be  carried  out  with  reason- 
able accuracy. 

The  following  simple  method  has  been  used  with  success  where  employed,  and  consists 
of  stamping  metal  tags  with  numbers  that  designate  each  different  bent  rod,  besides  indicating 
by  the  first  figure  of  the  mark  number  the  size  of  the  rod.  To  illustrate:  Reduce  all  merchant- 
able bar  sizes  to  fractions  of  eighths,  the  numerator  of  the  fraction  for  each  bar  size  always  repre- 
senting the  first  figure  of  the  mark  number  as  follows; 


M  in.  = 
%  in.  = 
1.^  in.  = 
%  in.  = 
y^  in.  = 
J6in.  = 
1  in.  = 
IM  in.  = 
m  in.  = 


^i  =  Mark  200 
?i  =  Mark  300 
*,i  =  Mark  400 
56  =  Mark  500 
%  =  Mark  600 
li  =  Mark  700 
%  =  Mark  800 
%  =  Mark  900 
%  =  Mark  1000 


Any  bent  rods  found  marked  200,  201,  202,  etc.,  will  indicate  at 
once  a  ii-in.  rod,  or  marks  700,  701,  702,  etc.,  a  %-in.  rod,  and  so  on. 
This  system  used  in  connection  with  metal  tags  is  very  simple  and 
effective,  and  when  applied  by  workmen  will  reduce  to  a  minimum 
the  chance  of  placing  bars  in  the  wrong  location. 
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81.  Special  T-Beam  Design. — A  minimum  specified  clearance  or  head  room  will  often 
control  the  depth  of  T-beams  of  long  spans.  An  example  of  long  span  T-beam  construction  is 
given  below,  which  illustrates  the  special  provision  made  to  obtain  the  requisite  flange  area  for 
compression.  The  design  of  this  beam  was  one  of  a  large  number  required  to  span  a  theater 
auditorium  in  connection  with  a  large  structure  built  in  1916.  The  floor  supported  by  these 
beams  was  designed  for  a  dancing  pavilion. 


Illustrative  Problem. — The  beams  are  8  ft.  on  centers  and  span  48  ft.  center  to  center  of  column  supports. 
The  maximum  depth  allowed  was  33  in.  The  live  load  from  the  floor  to  be  supported  by  the  beam  was  assumed 
at  75  lb.  per  sq.  ft.,  consideration  having  been  given  to  the  additional  safety  factor  afforded  by  the  heavy  dead 
load  of  the  beam,  which  is  about  16  tons.     Assumptions  used  in  the  design,  /.  =  20,000,  fc  =  800  and  n  =  15. 

The  slab  spanning  8  ft.  was  designed  to  support  a  live  load  of  100  lb.  per  sq.  ft.  for  the  reason  that  in  a  build- 
ing of  this  character  the  slab  in  all  probability  will  receive  its  full  live  load  at  intervals,  whereas  the  supporting 
beams  will  not. 

Slab  Design  when  M  =  -r^. — A  minimum  slab  of  4  in.  and  reinforcement  of  Jg-in.  rounds  6  in.  c.  to  c.  wat 

selected.      In  the  design  of  this  slab  the  supporting  beams  were  also  considered,  to  obtain  cross  reinforcement 
that  would  assist  the  T-action  of  the  members. 

Using  a  4-in.  slab  the  theoretical  requirements  would  be: 

Live  load  =  100 

4-in.  slab  dead  load  =     50  . 

^2-in.  finish  =       6 

Total  =  156  lb.  per  sq.  ft. 

Selectmg  a  minimum  slab  of  4  in.  and  d  =  3  in., 

9980  =  i?'(12)(3)2 
a:  =  93 

Diagram  2,  p.  155  shows  that  the  value  o{  K  =  93,  with  /.  =  20,000  requires  a  percentage,  p  =  0.0053.     The) 
—the  actual  area  of  steel  required  per  foot  width  is 


A,  =  (0.0053)  (12)  (3)   =  0.191  sq.  in. 

.  To  find  the  unit  stresses  in  the  steel  and  concrete  assumed  in  the  design:  ?-8-in.  rounds  6  in.  c.  to  c.  =  0.22 
sq.  in.  per  12-in.  width. 

^  =  (MS  =  o«««^ 

Using  Table  2,  p.  152,  j)  =  0.0061,  k  =  0.346  and  j  =  0.885. 

M  9980  ,.,„^^  ,u 

•^'  °i;^=  (0.221)  (0.885)  (3)  =  '^'^'^^  ^^-  ''''  '''■  '"• 

/'=((O46y(0-S(W^*^''^'''''^'^^""- 

Or  referring  to  Diagram  2,  p.  155,  when  A'  =  93  and  p  —  0.0061,  the  stress  in  the  concrete  and  steel  will  be  founi 
to  agree  with  values  determined  above  for  fs  and  fe. 

Considering  the  shortness  of  the  slab  span  and  the  increased  effective  depth  near  the  supports  (Fig.  119),  oi 
account  of  the  depression  for  flange  section,  the  bent  rods  were  arranged  as  shown. 

T-Beam  Design: 

Live  load  per  linear  foot  =  (8)  (75)  =  600 

Dead  load  of  slab  per  linear  foot  =  (8)  (50)                        '  =  400 

Dead  load  of  finish  per  linear  foot  =  (8)  (6)  =  48 

Dead  load  of  beam  including  depression  below  slab,  per  linear  foot  =  (4.34)  (150)   =  650 


Total  =  1698  !b.  per  lin.  ft. 


M  =  n698)(48)^(12)  ^  ^3^33^^    .^_^^ 

O 

b'  =  16  in.  d  =  29  in.    (Fig.    119) 

(1698)  (24)  ,»»   ,. 

^  =  (16^17(29)   =  10«   'b-    P*^'   ^"^^  '"• 
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Twelve  1-in.  squares  used  in  the  design  give  a  section  of  12  sq.  in. 

12  


(54)(29J 


In  the  design  of  this  member  where  the  depth  is  small  in  proportion  to  span  length,  it  was  considered  of  prime 
importance  to  obtain  a  rigid  construction  and  not  rely  on  the  4-in.  slab  flange  to  resist  any  part  of  the  compressive 

t         12 
stress.     Therefore,  a  flange  thickness  of  12  in.  was  chosen  and  a  flange  width  of  6  =  54  in.     j  =  29  ~  0-414. 

Diagram  6,  p.  168,  shows  the  neutral  axis  is  in  the  flange  when  p  =  0.0076  and  j  =  0.414.     Hence,  Case  I  applies. 
Table  2,  p.  152,  gives  the  following  values  of  k  and  ;'  for  p  =  0.0076: 

k  =  0.376     j  =  0.875 


rhf-slab:. 


\:£'/'"'S^-6"M<a^ 
\\    :?-/'"  5E'&'t^ 851 
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Referring  to  Table  3,  it  is  found  that  these  values  give  about  equal  strength  for  the  steel  and  concrete,  or  solving  for 
/s  and  fc: 

M  5,868,300 


/.  = 


K  = 


Aajd        (12)  (0.875)  (29) 
~k 
M 


=  19, SCO   lb.   per  sq.   in. 


,        2/.P        (2)  (19.300)  (0.0076)        __  ,. 
fc  —  — ,—    = ^  ^^^ =  780   lb.   per  sq.   in. 


0.376 
5,868,300 


hd>        (54)  (29)2 


=  129.2 


When  K  —  129.2  and  p  =  0.0076,  the  above  values  for /a  and/c  may  be  checked  by  Diagram  2,  p.  155.  Points 
at  which  bends  in  rods  may  be  made  can  be  readily  obtained  from  Diagram  8.  At  the  worst  section,  5  out  of  the 
12  rods  are  bent,  or  42  %  of  the  total  at  a  point  2  ft.  10  in.  from  the  center  of  each  support.     Diagram  8  shows 

when  M  =  -^,  42  %  may  be  bent  up  at  0.17i  or  8  ft.  2  in.  from  center  of  support.     Further  investigation  in  this 
respect  is  unnecessary. 

Bond  stress  in  straight  rods  with  hooked  ends:  The  perimeters  of  seven  1-in.  squares  =  (7)  (4)   =  28  in. 


40,750 


•LoUd        (28)(M)(29) 


=  58  lb.  per  sq.  in. 
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Theoretically,  hooks  were  unnecessary,  but  the  idea  of  securing  the  greatest  rigidity  for  the  structure  dictated  the 
use  of  hooks  for  the  ends  of  all  bent  and  straight  rods.  The  locality  in  which  this  structure  was  erected  is  subject 
to  periodical  storms  and  wind  of  great  velocity,  hence  judgment  was  exercised  in  anchoring  the  structural  parts 
wherever  it  was  de(!med  advisable. 

Provision  for  shearing  stresses:  The  unit  shearing  stress  has  been  determined  above,     v  =  100.     Shearing  value 
assumed  for  concrete  bi  =  40. 

(100  -  40)48 


(2)  (100) 


=  14.4  ft. 


In  Fig.  119  it  will  be  noted  that  the  bent  rods  were  so  arranged  that  the  diagonal  tension  at  the  ends  could  be  taken 
principally  by  these  rods,  but  regardless  of  this  fact  %-\n.  round  stirrups  were  introduced  extending  from  end  to 
end  of  the  beam  as  shown.  Referring  to  diagram  Fig.  119,  the  total  stress  in  the  two  bent  1-in.  square  rods,  mark 
850,  is 


(^'^4^^)(27)(16) 


2^-200        17.100    lb. 


V2  1-414 

The  unit  stress  in  bent  rods,  Mark  850,  is 

17,100        ^,,_  ,. 
2  00     =  ^550  lb.  per  sq.  in. 

The  total  stress  in  the  two  1-in.  squares,  Mark  851.  is 

(5^^)(26)(16)        ^^^^^ 

The  unit  stress  in  bent  rods,  Mark  851,  is 

13,970 
2.00 


6980  lb.  per  sq.  in. 


The  stress  in  the  one  1-in.  square  rod,  Mark  852,  found  in  a  similar  manner,  is  11,400  lb.  per  sq.  in. 

All  beams  G\  were  cambered  1>^  in.  at  the  center,  to  avoid  the  delusive  appearance  of  a  straight  beam  soffit  of 
this  span. 

The  effective  depth  of  the.se  beams  is  about  one-twentieth  of  the  span  length,  and  although  this  proportion  of 
depth  to  span  is  somewhat  unusual,  little  or  no  deflection  was  noted  after  the  removal  of  supports.  Swiss  deflectom- 
eters  were  employed  to  detect  any  deflection,  with  the  result  that  no  movement  was  recorded.  All  steel  bars  used 
in  the  design  were  hard  grade  with  a  minimum  elastic  limit  of  50,000  and  a  minimum  ultimate  strength  of  75,000 
lb.  per  sq.  in.      Minimum  elongation  in  8  in.,  10  %. 

82.  Long  Span  Rectangular  Beams. — The  example  of  long  span  rectangular  beam  desing 
given  below  was  used  in  connection  with  the  same  structure  as  the  long  span  T-beams  described 
in  the  preceding  article.  The  purpose  of  these  beams  (Fig.  120)  is  to  support  a  passage  for 
pedestrians  over  a  thoroughfare  below. 

Illustrative  Problem. — The  depth  of  these  beams  was  restricted  to  a  total  depth  equal  to  one-tenth  of  the  span 
length,  and  the  width  b  proportioned  accordingly. 

/,  =  20,000,  fc  =  800  and  n  =  15.      Width  b  assumed  =  18  in. 
Dead  load  passage  =  (75)  (6)  (68;  =     30,600 

Live  load  passage  =  (50) (6) (68)  =     20,400 

Dead  load  beam  =  (1.5)(7)(150)(68)   =  107.110 


Total =  158,100 

-.        (158,100)  (70)  (12)        ,„„„„„„„.      ,, 
M  =  g =  16,600,000  in. -lb. 

The  design  was  first  tried  out  assuming  balancing  values  for  /«  and  fc.      From  Table  3,  p.  152,  when  ft  =  20,000,  fc 
=  800,  and  n  =  15. 

k  =  0.375,  j  =  0.875,  p  =  0.0075,  and  K  =  131.25 
M  =  Kbd-'  =  (131.25)(18)(80)2  =  15,120,000  in.-lb. 

This  is  less  than  the  moment  required.     It  is  desired  to  retain  the  width  6  =  18  in.     The  steel  bars  used,  or  ten  1-in. 
and  two  IJ^-in.  squares  have  a  sectional  area  equal  to  12.53  sq.  in.     Then 

P  =  TT^L   =  0,0087 
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The  steel  in  compression  must  take  (Sect.  2,  Art.  37u; 


Mi  =  16,600,000  -  15,120,000  =  1,480,000 
1.480,000 


Vi  = 


=  0.00066 


20,000(1  -  2/80)  (18)  (80)2 
p  =  0,0075  +  0.00066  =  0.00816    or 
A,  =  (0.00816)  (18)  (80)   =  11.75  sq.  in. 
1  -  0.375 


r/  =  0.00066- 


0.00118     or 


0.375  -  2/80 
A'  •=  (0.001 18)  (18)  (80)  =  1.70  sq.  in. 


Ji 


..B-l"''-77'-6"M<80l 


1. 


-  .,,'•.  .     ,v/  t-'."°-77'-6'M<803 


"  irs1~T"r7r~j"TM"'t  'TXr\ 


44-1'"  72-6"M<800 


■2-0" 


-Is"''72-6''m900 


1 1 1  i,.n  L^^ 

1    >         i  /I     1     -" 


/ 


y 


■■C^=h;  t=A--a.-iJ:^  -I  —I- 1 


70-0"- 


Cleva+ion  Beam  G4- 

Place(^  befneen  sfirs.      _ .  {z-iy-2S'-,(/s  /?. 
^f<S00forfu///ei7gfh   .■■■„%:i. 


i- 


Z-fO-SS'-C/'S.R.  , ^  ^_-, 


\^^^3Z°5firM<30t^ 
■  ■  ■f''S/frM'30£^ 


'f''5hrM(300 


—12-0"- 


64-^ 


i'o-e'c.^ofi-cr/f- 


f 


,  5firrup9G4- 

■f  23§"''.  IZ"c.  foe.  each  end 


A.  "  U/^d  i4-/''f7^•■6''/>7<eoo 

1         A(?*v        L?-/«'  77^6"/^ SOZ 
\fop  rOW-<f-^'"'  77'-6''/<ffa03 


/-/  ''''^iO"/^Ha04 
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Comparing  the  values  found  for  As  and  A'  with  the  values  used  in  the  design  it  will  be  noted  that  the  sectional 
area  of  tensile  steel  is  slightly  more  than  the  theoretical  requirements,  and  the  compression  steel,  four  1-in.  squares 
or  4  sq.  in.  exceeds  the  computed  area.  Compression  steel  was  added  to  give  a  stiflfer  member.  The  section  of 
member  Fig.  120  shows  the  arrangement  of  stirrups  employed  to  anchor  the  compression  rods  into  the  body  of  the 
beam. 

The  shearing  stress  is  equal  to 

79,000  „„  ,. 

"  =  (18)  (7/8)  (80)  =  ^^  ^''-  P"  ^1'  '"• 

After  observing  the  arrangement  of  bent  rods  and  stirrups  in  elevation.  Fig.  120,  it  is  evident  that  resistance  to 
diagonal  tension  is  amply  provided  for. 

The  total  stress  taken  by  two  bent  1-in.  square  rods,  Mark  801,  is 


-23  +  15 


(^^fi-^)(45)(18) 


V2 


15,390 
1.414 


=  10,9001b. 


The  unit  stress  in  bent  rods,  Mark  801,  is 


10,900 
2.00 


=  5450  lb.  per  sq.  in. 


426  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec.  3-83 

To  investigate  the  resistance  of  the  other  bent  rods  is  unnecessary.  5^-in-  square  stirrups  were  used  as  shown,  to 
mechanically  tie  together  all  parts  of  the  member.  Theoretically  the  stirrups  used  were  not  required,  but  from  a 
practical  view  point  the  member  may  be  considered  a  stronger  unit. 

The  shearing  stress  v  being  only  63  lb.,  the  bond  stress  in  the  bottom  rods  at  the  supports  should  be  compara- 
tively small.     The  sum  of  the  perimeters  of  four  1-in.  and  two  IJ-^-in.  square  rods  is  equal  to  25  in. 

79,000  ..,, 

u  =    =  45  lb.  per  sq.  in. 

(25)(7/8K80)  -^    "   f 

The  slab  connecting  the  two  beams  was  designed  for  a  live  load  of  100  lb.  per  sq.  ft. 

Live  load  =  100 

Dead  load,  6-in.  slab  =     75 

Dead  load,  >^-in.  finish  =       6 

181  lb.  per  sq.  ft. 
Dead  and  live  load  per  linear  foot  of  slab  is 

(12)  (181)  =  2172  1b. 
M  =  (2172)(1^2.5)_(12)  ^  ^^ '^^S   in.-lb. 

Referring  to  Table  9,  p.  163,  when  /«  =  20,000,  /c  =  800  and  n  =  15,  a  6-in.  slab  with  >^-in.  square  bars  6  in.  c.  to 
c.  is  required,  when  M  =  40,725  in.-lb.  The  bars  have  hooked  ends  extending  into  the  beams.  To  insure  further 
rigidity,  three  intermediate  cross  beams  12  X  18  in.  dividing  the  span  into  four  equal  parts  were  employed  as  shown 
in  Fig.  120.     The  sofiBts  of  beams  G4  were  cambered  lJ-2  in. 

83.  Hollow-tile  Construction. — Hollow-tile  construction  i.s  extensively  used  in  light  build- 
ings such  as  hotels,  office  buildings  and  apartments,  and  has  to  a  great  extent  superseded  the  one 
way  soUd  slab  construction  for  spans  over  12  or  14  ft.  Comparative  estimates  with  other  forms 
of  soHd  slab  construction  will  demonstrate  the  economy  of  this  arrangement  for  floors.  The 
economy  is  not  only  found  in  the  cost  of  the  floor  alone,  but  also  in  the  reduction  in  the  structural 
sizes  of  all  the  supporting  members  including  beams,  columns,  and  footings,  by  reason  of  the 
dead  weight,  which  is  much  less  than  for  solid  slabs  designed  for  equivalent  strength.  Tile  may 
also  be  obtained  which  make  possible  a  two-way  reinforced  panel  with  supporting  beams  along 
the  four  sides.  Although  the  function  of  the  tile  is  only  to  create  a  void  in  the  concrete,  con- 
siderable strength  is  added  to  the  ultimate  capacity  of  such  panels.  Tests  of  combination 
4iollow  tile  and  concrete  floors  have  given  surprising  results  in  stiffness  and  strength. 

Tile  produced  by  the  different  manufacturers  will  give  a  large  variation  in  results  when 
subjected  to  intense  heat  in  kilns  prepared  for  test  purposes.  Tests  show  that  some  tile  will 
not  melt  at  3000  deg.  F.,  whereas  the  product  of  other  manufacturers  will  disintegrate  almost  to 
a  cinder  under  this  temperature.  The  resistance  to  heat  that  tile  will  offer  in  a  floor  panel  is 
not  so  satisfactory  as  when  heated  uniformly  over  all  surfaces.  The  lower  soffit  of  the  tile 
exposed  to  the  heat,  in  many  cases  has  been  known  to  fall  out,  and  no  doubt  this  is  due  to  the 
expansion  of  heated  surface,  while  the  other  portion  of  the  tile  protected  from  the  heat  remains 
nearly  at  normal  temperature.  The  result  of  this  condition  will  cause  the  exposed  face  to 
shear  away  from  the  vertical  ribs. 

The  tile  should  be  thoroughly  wetted  just  before  concreting  operatons  are  begun.  Dry 
tile  readily  absorbs  moisture  from  the  concrete  and  for  this  reason  are  most  objectionable.  A 
thorough  sprinkhng  of  the  tile  should  be  insisted  upon,  especially  in  dry,  hot  weather.  \Mien 
the  tile  are  placed  in  position  on  the  falsework,  intervals  between  the  ends  of  tile  should  be 
avoided,  to  prevent  loss  of  the  concrete  and  the  added  dead  weight.  The  ends  of  the  tile  at 
beam  flanges  should  be  closed  with  cardboard,  plaster  of  Paris  or  by  other  satisfactory  means. 
The  accompanying  table  gives  the  sizes  and  weights  of  commercial  tile  together  with  the 
cubic  feet  of  concrete  and  the  combined  weight  of  tile  and  concrete  per  square  foot  of  floor 
surface  when  the  rib  widths  and  thicknesses  of  top  are  as  indicated.  Particular  care  should 
be  exercised  when  pouring  the  concrete  ribs  between  4,  5  and  6-in.  tile.  On  account  of  the 
light  weight  of  these  sizes  the  concrete  should  be  placed  simultaneously  in  each  rib,  otherwise 
the  tile  will  be  forced  toward  the  side  where  the  least  pressure  is  exerted.  Poor  alignment  of 
tile,  and  the  consequent  reduction  of  rib  width  specified  often  occurs  during  construction  by 
neglecting  to  heed  this  precaution.  The  loss  of  tile  on  account  of  breakage  due  to  shipping, 
hauhng  and  handUng  ranges  from  2  to  5%. 
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Hollow    Tile  and  Concrete   Floors 

3u.    Ft.    of   Concrete   Per   Sq.  Ft.  and   Weight  In   Lb.  Per  Sq.  Ft.  of  Combination  Hollow  Tile  and  Concrete 
Floors  When  Width  of  Ribs  and  Thickness  of  Top  Are  As  Follows: 


Tile 


Size 
(inches) 


4X12X12 
5X12X12 
6X12X12 
7X12X12 
8X12X12 
9X12X12 
10X12X12 
12X12X12 


0.21 
0.23 
0.25 
0.27 
0.29 
0.31 
0.33 
0.3S 


265 

29 

31 

34 

36 

39 

41 

46 


0.27 
0.30 
0.32 
0.35 
0.38 
0.40 
0.43 
0.48 


0.29 
0.31 
0.33 
0.35 
0.3S 
0.40 
0.42 
0.46 


0.29 
0.32 
0.34 
0.37 
0.39 
0.41 
0.44 
0.4S 


0.315 

0.34 

0.37 


760.39 

820.42 

87  0.44 

93  0.47 

103  0.52 


0  32 
0  35 
0.38 
0.40 
0.43 
0.46 
0.49 
0.54 


^^^■■.^§"^ cor?nec^ing  s^/rrapS 
^"fSfirrup  spacing 
(3@3"c.foc. 


Each 
end 


Section' B-B" 

5f/rrups  each  rib 
No  d  wire  U-sfirrups 

ach,l2@5"c.^oC. 


3@4"c.  to  C. 

3@6"c.foc. 

4@8"c.foc. 

\3(S]t  center 


endV- 


3@  d'cfoc. 
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Illustrative  Problem.— Fig.  121  represents  a  typical  panel  in  a  building,  to  be  designed  for  combination  hollow 
ile  and  concrete  joists,  with  supporting  beams  extending  continuous  in  one  direction  between  columns.     Live  load 
ssumed  =  1001b.     /,  =  16,000,  fc  =  650  and  n  =  15.      Maximum  v  =  110  lb.     vi  =  40. 
?he  combination  slab  will  be  designed  for  the  following  loads  in  pounds  per  square  foot: 

Live  load =    lOQ 

Wood  floor  and  fill =      ig 


Total  superimposed  load. 


=    118 
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One-way  System 


Safe  Superimposed  Loads  in    Pounds  per  Sq.  Ft.  fo; 
Unit  Steel  Stress  =  16,000  lb 


M  = 


WL 


12 
n  =  15 


4"  X  12"  X  12"  Tile,  4"  Ribs,  16"c.,  2"  Top   l|6"  X  12"  X  12"  Tile,  4"  Ribs,  16"c.,  2"  Top 


Weight  FI.  per  sq.  ft.  =  50# 


Weight  Fl.  per  sq.  ft.  =  60# 


Concrete  per  sq.  ft. 
0.25  cu.  ft. 


Tile  per  sq.  ft. 
0.75-4"  Tile 


Concrete  per  sq.  ft. 
0.292  cu.  ft. 


Tile  per  sq.  ft. 
0.75  -6"  Tile 


P 

Values  k 

} 


.00276 

.249 

.918 


.00351 

.276 

.908 


.00491 

.3172 

.8943 


. 00625 
.349 

.884 


. 00767 

.378 

.874 


.0025 

.235 

.921 


.00351 

.274 

.909 


.0045 

.305 

.90 


.00548        .00697 
.334  . 372 

.893        1    .887 


Reinforcement 
each  rib 


2-%"4>      2-H"i      2-M"« 


2-3- 


i"i 


2-%"« 


2-W4>      2-M"«      2-%"4>     2-H"i> 


10 


11 


12 


14 


15 


16 


17 


19 


20 


21 


22 


23 


25 


26 


27 

28 


29 


30 


71 


103 


76 


56 


96 


41 


28 


57 


32 


^100 

215 


169 


134 


107 


85 


68 


53 


42 


32 


122 

*272 


."1 

216 


157 


240 


100 

318 


119 


102 

'174 


140 


93 


76 


61 


49 


39 


cro 


H  ^;.iao 


Resisting 
moment,  in. -lb. 

(M.) 


Typical  Detail 


91 


68 


189 


252 


148 


118 


163 


51 


93 


133 


123 

400 


111 
320 


^102 

260 


120 

'284 


175 


237 


37 


73 


145 


104 

'l99 


57 


119 


43 


70 


99 


32 


57 


167 


When  value  of  "A;"  is  less  than  -3,  Case  I  applies. 
•  a 

When  value  of  " k"  is  greater  than  0.3786,  Me  controls. 


When  value  of  "k"  is  less  than  0.3786,  Ms  controls. 
'Indicates  neutral  axis  in  the  flange. 


44 


67 


101 


85 


44 


72 


60 


50 


40 


Note:  This  table  is  based  on  M  =  -yy.     Top  steel  over  support  for  negative   '  M,     same  are 

.4,  as  for  positive  at  center  of  span,  top  steel  over  supports  extending  H  or  }i  of  span  length. 
For  end  spans,  when  M  =  ^,  use  H  of  the  combined  superimposed  load  and  dead  weight  of  floor 


given. 
For  simple  spans,  when  M 


WL 


,  use  ^i  of  the  combined  table  values  as  for  end  spans. 


The  unit  shear  v  =  r-rr-,  is  given  for  each  load  value  in  small  type. 
b'ja 


20,410       28,120       35,360 


42,930 


28,980 


40,010 


50,400 


61,370       77.590 


-1 
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OMBINATION    TiLB    AND    CONCRETE    FLOORS. 

11  if  Concrete  Stress    =  650  lb. 

Continuous  Spans 

'  •   I2"X12"  Tile,4"Ribs,  16"c.,2"Top 

10"  X12"  X  12"  Tile, 
2"  Top 

4"  Ribs,  16"c., 

12"  X  12"  X  12"  Tile,4"  Ribs,  16  c, 
2"  Top 

' 

height  Fl.  per.  sq.  ft.  =  70 

1        Weight  Fl.  per  sq 

ft.   =  81# 

Weight  Fl.  per.  sq.  ft 

91# 

J 

Concrete  per  sq 
0.334  cu.  ft. 

ft.      Tile  per  sq.  ft. 
0.75-8"  Tile 

Concrete  per  sq.  ft. 
0.375  cu.  ft. 

Tile  per  sq.  ft. 
0.75-40" 

Concrete  per  sq.  ft.  Tile  p 
0.417  cu.  ft.             0.7' 

cr  sq.  ft. 
-12" 

00273 

250 

920 

. 00347 

.280 

.914 

. 00426 

.310 

.910 

. 00542 

.350 

.906 

.00614 

.372 

.905 

.00284 

.264 

.925 

.00348  .00443 
.294       .334 
.922       .920 

. 00502 

.358 

.920 

.0057 

.381 

.919 

. 00295 

.283 

.933 

. 00375 

.324 

.931 

. 00425 

.348 

.930 

. 00483 

.372 

.930 

i 

2->2"0  b-i-i"^ 

2-H"<t. 

2-%"J2-H",i, 

2-H"0 

2-ys"-t> 

2-Ji"^ 

2-?i"0 

l-H"<t> 
l-H"'!' 

2-ys"'t> 

2-?l"?i 

2-H"<t> 

l-^i"* 

l-?4"* 

78 

320 

100 

424 

123 

523 

100 

529 

122 

665 

122 
801 

71 

255 

91 

338 

111 

428 

91 

424 

111 

536 

112 

647 

65 

201 

83 

273 

102 

349 

83 

343 

102 

437 

102 

529 

60 

161 

77 

222 

94 

286 

77 

280 

94 

361 

120 

480 

94 

438 

120 

580 

u 

1! 

56 

129 

71 

182 

88 

237 

111 
320 

71 

231 

88 

300 

111 

403 

88 

365 

112 

488 

1) 

52 

103 

67 

149 

81 

198 

104 

269 

67 
190 

81 

250 

104 

340 

118 

396 

82 

305 

104 

413 

tt 

49 

82 

62 

123 

77 

165 

98 

228 

110 

267 

62 

158 

77 

211 

97 

289 

110 

338 

77 

258 

98 

352 

110 

410 

Si 

46 

65 

59 
101 

72 

139 

91 

194 

104 

230 

59 

130 

72 

178 

92 

247 

104 

290 

72 

218 

92 

301 

104 

353 

118 

413 

■1 

43 

50 

55 

82 

68 
116 

87 

165 

98 

197 

65 
107 

68 

149 

87 

211 

98 

250 

110 

290 

68 

184 

87 

259 

98 

305 

112 

359 

(1 

'11 

41 

38 

S2 

66 

65 

97 

82 
141 

93 

169 

62 

88 

64 

126 

82 
181 

93 

216 

104 

251 

64 

156 

82 

223 

93 

264 

106 

312 

;i 

50 

53 

61 

81 

78 
120 

89 

146 

50 

71 

61 

106 

78 

156 

88 

188 

99 

219 

61 

132 

78 

192 

88 

229 

100 

273 

47 

42 

58 

66 

74 
103 

84 

126 

47 

57 

68 

88 

74 

134 

84 

162 

94 

191 

58 
111. 

74 

166 

84 

200 

95 

239 

il 

f.ll 

56 

55 

71 

87 

80      j 

108 

45 

45 

56 

73 

71 

115 

80 

141 

90 

167 

66 

93 

71 

143 

80 

174 

91 

210 

i(l 

53 

44 

68 

74 

77 

93 

43 

34 

53 

60 

68 

98 

77 

121 

86 

146 

53 

78 

68 

123 

77 

151 

87 

184 

IS 

1(1 

51 

34 

65 

63 

73 

80 

61 

48 

65 

83 

74 
106 

82 

127 

51 

64 

65 
106 

73 

132 

83 

162 

62 

52 

70 

68 

49 

38 

62 
70 

70 

91 

79 
111 

49 
51 

62 
90 

70 

114 

80 

142 

59 

42 

67 

58 

60 

59 

68 

78 

76 

97 

47 

41 

59 

75 

68 

99 

77 

124 

are 

65 

48 

58 

49 

65 

66 

73 

83 

45 
31 

58 

65 

65 

84 

74 

109 

II, 

fjiOI 

63 

40     ! 

56 

40 

63 

55 

70 

72 

56 

54 

63 

72 

72 

95 

j 

61 

47 

68 
61 

54 

44 

61 

61 

69 

82 

59 

38 

66 

52 

52 

35 

59 
51 

67 

71 

::,|) 

2.060 

65,810 

80,400 

101,890 

115,200 

81,400 

99,570 

126,460 

143,140 

160,100 

119,080 

151,240 

171,000 

194,270 
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HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  3- 


One-way  System 


S\FE  Superimposed  Loads  in  Pounds  per  Sq.  Ft.  fo 
Unit  Steel  Stress  =  18  000  lb 


M  = 


WL 


12 
n  =  15 


4"  X  12"  X  12"  Tile,  4"  Ribs.  16"  c,  2"  Top  j        6"  X  12"  X  12"  TUe.  4"  Ribs,  16"c.,  2"  To 


Weight  Fl.  per  sq.  ft.  =  50# 


Weight  Fl.  per  sq.  ft.  = 


Concrete  per  sq.  ft. 
0.25  cu.  ft. 


Tile  per  sq.  ft. 
0.75  cu.  ft. 


Concrete  per  sq.  ft. 
0.292  cu.  ft. 


Tile  per  sq.  ft. 
0.75-6' 


P 

Values  k 
3 


.00276 

.249 

.918 


.00351 

.276 

.908 


. 00491 

.3172 

.8943 


. 00625 
.349 

.884 


. 00767 

.378 

.874 


.0025 

.235 

.921 


.00351 

.274 

.909 


.0045 

.305 

.900 


. 00548 

.334 

.893 


Reinforcement    o  lyrr^ 
each  rib  ^"^    * 


2-yi",i>      2-H"0 


2-^8"* 


2-H"i'       2-y2"<t>      2-K"^ 


2-ys"4> 


10 


12 


13 


16 


17 


18 


20 


122 


62 


45 


21 


92 


102 

'l97 


70 


115 


157 


52 


126 


38 


72 


102 


27 


82 


67 


32 


43 


33 


202 


106 

'l64 


134 


92 


75 


61 


50 


27 


28 


29 


30 


Resisting 
moment,  in.-lb 


Typical  Detail 


184 


288 


112 

365 


219 


102 

291 


110 


174 


235 


73 


140 


191 


64 


112 


157 


48 


129 


71 


106 


56 


87 


71 


34 


57 


46 


36 


When  value  of  "  Ic"  is  less  than  -,  Case  I  applies. 

a 
When  value  of  " k"  is  greater  than  0.3846,  Me  controls. 


When  value  of  "k"  is  less  than  0.3846,  Ms  controls. 
*Indicates  neutral  axis  in  the  flange. 


Note:  This  table  is  based  on  Af  = 


WL 
12 


Top  steel  over  support 


for  negative  "  M"  same  area  A,  as  for  positive  at  center  of  span, 


top  steel  over  supports  extending  J4  or  H  of  span  length. 
For  end  spans,  when  M  =  -ttt.  use  %  of  the  combined  superimposed 


115 

300 


106 

246 


83 


69 


load  and  dead  wt.  of  floor  given. 
For  simple  spans,  when  M  =-^,  use  ?^  of  the  combined  table  values  as  for  end  spans. 


V  . 


The  unit  shear  v  =  rrr-,  is  given  for  each  load  value  in  small  type. 
0  ja 


18,180      22.940 


31.620 


39,780 


48,300 


32,600    I    45,030 


56,650 


69,010 


Sec.  3-83] 

STRUCTURAL  DATA 

431 

Combination  Tile  and  Concbete  Floors 
Unit  Concrete  Stress  =  750  lb. 

Continuous  Spans 

I 

8"  X  12"  X  12' 

Tile,  4"  Ribs 
2"  Top 

16"  c. 

10"  X  12"  X  12"  Tile,  4"  Ribs,  16"  c. 
2"  Top 

,  12"  X  12"  X  12"  TUe. 
le"  c.,  2"  Top 

4"  Rbs. 

Weight  Fl. 

per  sq.  ft.  =  70#. 

1    Weight  Fl.  per  sq.  ft.  =  81  # 

Weight  Fl.  per.  sq.  ft. 

=  91# 

Concrete  per  sq. 
0.334  cu.  ft. 

ft.  Tile  per  sq.  ft. 
0.75-8" 

Concrete  per  sq.  ft.  Tile  per  sq.  ft. 
0.375  cu.  ft.       0.75-10" 

Concrete  per  sq.  ft.  Tile  per  sq.  ft. 
0.417  cu.  ft.    0.75-12" 

.00273 

.250 

.920 

. 00347 

.280 

.914 

. 00426 

.310 

.910 

.00542 

.350 

.906 

.00614 

.372 

.906 

.00284  .00348  .00443 
.  264   .  264   .  334 
.925   .922   .920 

. 00505 

.358 

.920 

.0057 

.381 

.919 

. 00295 

.283 

.933 

. 00375 

.324 

.931 

. 00425 

.348 

.930 

. 00483 

.372 

.930 

1  2-H"4> 

2-H"# 

2-H"<t> 

2-H"')' 

■2-H"<i> 

2-M"0 

2-^"« 

2-%"^  2.H"4.  llp^ 

2-H"4> 

2-^"0 

2-K"<t> 

1-H"'t> 
1-K"0 

88 

370 

112 

485 

112 

606 

1    8° 
;   293 

108 

388 

102 

487 

74 

235 

94 

315 

115 

401 

94 

395 

115 

502 

68 

190 

S6 

258 

106 

331 

86 

325 

106 

416 

106 

504 

64 

154 

80 

214 

98 

277 

80 

269 

98 

347 

98 

422 

&9 

125 

75 

177 

92      117 

232    312 

75 

224 

92 

293 

117 

393 

92 

355 

65 
101 

70 

147 

86 

195 

110 

267 

70 

188 

86 

247 

110 

336 

86 
301 

110 

408 

S2 

82 

66 

123 

81 

165 

104 

228 

117 

266 

66 

157 

81 

209 

104 

288 

117 

337 

81 

256 

103 

350 

49 

66 

62 
101 

76 

139 

97 

196 

111 

230 

62 

131 

77 

178 

97 

248 

110 

292 

76 

220 

97 

303 

110 

354 

47 
51 

59 

84 

72 
117 

93 

169 

105 

200 

69 
109 

73 

152 

92 

215 

104 

254 

119 

298 

72 

187 

93 

263 

105 

309 

44 

39 

56 

69 

69 

99 

88 

145 

99 

173 

66 
90 

69 

129 

87 

185 

99 

221 

118 

262 

69 

160 

87 

228 

99 

269 

lis 
318 

5S 

55 

66 

84 

84 

125 

95 

150 

53 

74 

66 

109 

84 
161 

94 

193 

107 

229 

66 

137 

83 

199 

94 

237 

107 

280 

61 

45 

63 

70 

80 

107 

90 

131 

61 

61 

62 

93 

79 
140 

90 

168 

103 

202 

62 

116 

80 

172 

90 

207 

102 

247 

49 

35 

60 

58 

77 

93 

86 

114 

49 

49 

69 

77 

76 

122 

86 

148 

98 

178 

69 

99 

76 

150 

86 

182 

98 

219 

58 

47 

73 

79 

83 

98 

47 

39 

67 

65 

73 
104 

83 

128 

94 

157 

67 

83 

73 

130 

83 

159 

94 

193 

55 

39 

70 

68 

79 

85 

55 

54 

70 

90 

79 
112 

90 

138 

65 

69 

70 

112 

79 

139 

90 

172 

67 

57 

77 

73 

53 

43 

67 

77 

76 

97 

87 
121 

53 

58 

67 

98 

76 

122 

86 

151 

65 

48 

75 

64 

61 

34 

65 

66 

73 

85 

/ 

83 
107 

61 

48 

65 

84 

74 

107 

84 

134 

63 

40 

71 

54 

62 

55 

71 

73 

80 

94 

49 

37 

63 

72 

71 

93 

80 

118 

60 

32 

68 

45 

60 

46 

68 

63 

78 

82 

60 

61 

68 

80 

77 

103 

76 

91 

66 

38 

68 

38 

«6 

53 

75 
71 

58 

51 

66 

69 

63,570 

74.030 

90,450 

114,620 

129,600 

91,570 

112.010 

142,260 

161,030 

182,740 

133,960 

170,140 

192,370 

218,560 
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HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  3-83 


One- 

Safe  Superimposed  Loads  in  Pounds  per  Sq.  Ft.,  kob   1 
way  System-                                                                                                            Unit  Steel  Stress  =  20,000 lb.   1 

12 
n  =  15 

4"  X  12"  X  12"  Tile,  4"  Ribs,  16"c.,  2"  Top  ||6"  X  12"  X  12"  TUe,  4"  Ribs,   16"c., 

2"  Top   1 

Weight  Fl.  per  sq.  ft.  =  50#                    ||                    Weight  Fl.  per  sq.  ft.  =  60#                        | 

Concrete  per  sq.  ft.     Tile  per  sq.  ft. 
0.25  ft.                  0.75-4"  Tile 

Concrete  per  sq.  ft.          Tile  per  sq.  ft.                 1 
0.292  cu.  ft.                      0.75-6"                        1 

P 

Values  k 

J 

00276 

249 

918 

.00351 

.276 

.908 

.00491 

.3172 

.8943 

.00625 
.349 

.884 

. 00767 
.378 

.874 

.0025 

.235 

.921 

.00351 

.274 

.909 

.0045 

.305 

.900 

.00548 

.334 

.893 

.00697 
.372 

.887 

Reinforcement 
each  rib 

2-ys"<t> 

2-H"<t' 

2-H"<> 

2-M"^ 

2-%"<t> 

2-%"0 

2-3^  "« 

2->^"(S 

2-%"4> 

2-5.r'# 

c 
c 

03 

0. 

an 

10 

102 

70 

*141 

98 

*213 

.     70 

211 

98 

*315 

11 

^50 

75 

*    ®* 
108 

*    ** 
168 

224 

,     64 

164 

,     89                ,11s 

250             330 

1 

12 

55 

83 

*    *^ 
133 

,105 

*180 

,     58 

129 

*    ®^ 
200 

,104 

268 

13 

*40 

,54 

63 

76 

*106 

146 

,117 

184 

,54 
99 

,     70 

162 

,     96 

219 

,118 

280 

14 

48 

,70 

85 

90 

*119 

108 

'l52      1 

50 

78 

*     70 

131 

89 

*181 

109 

*233 

15 

35 

66 

*07. 

,6S 

*97 

,101 
126 

46 

60 

,     65 

106 

83               ,102 

*150             195 

16 

,61 

53 

,78 

*80 

,     94 

104 

43 

46 

86 

78 

*124 

,    95 

164 

122 
*224 

17 

,58 
41 

— 

,73 
65 

,89 

87 

,41 

34 

,57 
*69 

73 
103 

90 

139 

114 

191 

18 

,70 

53 

,83 

72 

,55 
56 

69 

86 

85 
117 

109 

165 

19 

,66 

42 

59 

,52                      65 

44             *70 

80 

99 

102 
141 

20 

75 
'49 

62 

58 

76 

83 

97 
121 

21 

.'1 
39 

59                      72 

47               70 

9S 

105 

22 

|2=t        Ve— *=i6^ 

1 

69 

58 

88 

90 

23 

t 

!l^?'s 

•a 

■I 
■T 

66 

49 

85 

1         77 

24 
25 

— *1 

Typic 

al  Detail 

81 

66 

When  value  of  "A;"  is  less  than  -,  Case  I  applies. 

ft 
When  value  of  "k"  is  greater  than 0.375  Mc controls. 

1 

78 

56 

26 

When  value  of  "k"  is  less  than  0.375  Ms  controls. 
*  Indicates  neutral  axis  in  the  flange. 

75 

48 

27 

Note:  This  table  is  based  on  Af  =  -ry     Top  steel  over  supports  for  negative  M  san 
as   for   positive   at  center   of  span,    top  steel  over  supports  extending  to  1 4  or  J^  of  s 

le  area  A 
pan. 

28 

For  end  spans,  when  M  =  ^.  use  H  of  the  combined  superimposed  load  and  dead  v 

given. 
For  simple  spans,  when  M  =—^-  use  H  of  the  combined  table  values,  as  for  end  spans. 

\t.  of  flooi 

29 

30 

The  unit  shear  v  =  rrri  is  given  for  each  load  value  in  small  type.                                                                 1 
b'jd                                                                                                                                           1 

i I 

44,200 

52,860 

1 

96,980  r 

Resi 

momen 

(il 

sting 
t,  in. -lb 

20,200 

25 

,490 

35,1 

50 

36,100 

50,030 

62,940 

76,680 

3-83] 


STRUCTURAL  DATA 


433 


^dmbination  Hollow  Tilk  and  Concrete  Floors 

Jiiit  Concrete  Stress  800  lb.                                                                                                           Continuous  Spans 

: 

i"X12"X12"    Tile.  ^4"    Ribs.    16"    c,    io"x  12"X  12"  Tile.4"  Ribs.  2"  Top 

12"X12"X12"  Tile,  4  Ribs  16c.." 
2"  Top 

Weight  Fl.  per  sq.  ft.  =  70#            ||           Weight  Fl.  per  sq.  ft.  =  81  #        ||       Weight  Fl.  per  sq.  ft.  =  91  # 

Concrete  per  sq.  ft.     Tile  per  sq.  ft. 
0.3.34  cu.  ft.                    0.75-8" 

Concrete  per  sq.  ft.     Tile  per  sq.  ft. 
0.375  eu.  ft.                  0.75-10" 

Concrete  per  sq.  ft.  Tile  per  sq.  ft. 
0.417  cu.  ft.               0.7.5-12" 

.00273 

.250 

.920 

. 00347 

.280 

.914 

. 00426 

.310 

.910 

. 00542 

.3.50 

.906 

. 00614 

.372 

.905 

. 00284 

.264 

.925 

.0034S 

.294 

.922 

.00443  .00502 
.334       .358 
.920        920 

.  0057 

.381 

.919 

. 00295 

.283 

.933 

. 00375     . 00425 
.324         .348 
.931         .930 

.00483 

.372 

.930 

- 

2-K"0 

2-Wi 

2-^'V 

2-H"i 

2-y^".t> 

2-Wi 

2-%"  4 

2-%"^  2-H"4> 

i-H"<t> 
i-H"'^ 

2-H"<i> 

2-ys"4 

2-H"4 

1-H"<t> 

_ 

98 

419 

To  find  reinforcement   and  moment  for  any  other  width 

- 

88 

333 

114 

439 

113 

550 

of   rib  than  4".  multiply  moment  and  steel  area  "Aa" 
each  by  distance  center  to  center  of  ribs  and  divide  by 

_ 

82 

269 

104 

358 

104 

448 

16.  total  lb.  per  sq.  ft.  remaining   same. 
The  unit  shear  for  any  other  width  of  rib  =  4"  divided 
by  width  of  rib  X  shear  sq.  in.  in  table  X  distance  c.c. 

_ 

76 

219 

96 

295 

118 

376 

96 

370 

118 

471 

lis 
570 

ribs  divided  by  16. 

- 

71 

179 

89 

245 

109 

315 

89 

308 

109 

395 

109 

479 

_ 

66 

147 

8S 

204 

102 

265 

83 

258 

102 

334 

102 

405 

- 

61 

120 

78 
171 

96 

224 

122 

304 

78 

218 

96 

283 

122 

382 

96 

345 

_ 

68 

99 

78 

144 

90 

191 

115 

261 

73 

183 

90 

241 

115 

329 

90 

295 

115 

399 

_ 

66 
81 

69 

120 

85 

162 

108 

225 

123 

263 

69 

155 

85 

207 

108             122 

285    1    333 

85          1      108 

254       j    347 

- 

62 

65 

66 
101 

80 

138 

103 

195 

117 

230 

66 

130 

81 

178 

102             116 

248        291 

80 

'    218 

103                117 

302           353 

- 

49 
•     51 

62 

84 

77 
118 

98 

169 

110 

200 

62 

109 

77 

152 

97 

215 

110 

254 

122 

289 

77 

188 

97 

263 

110 

309 

-- 

47 
41 

59 

69 

73 
101 

93 

147 

105 

174 

59 
91 

73 
130 

93 

188 

105 

223 

116 

254 

73 

162 

93 

231 

105 

273 

119 

321 

II 

67 

58 

70 

86 

89 

127 

100 

153 

57 

77 

69 
112 

88 

164 

100 

196 

111 
224 

69 

139 

89 

201 

100 

240 

114 

285 

65 

47 

67 

72 

86 
111 

96 

134 

64 

63 

66 

95 

85 

144 

96 

173 

106 

199 

66 

120 

85 

177 

96 

212 

109 

253 

- 

64 

60 

81 

96 

92 
117 

52 

52 

64 
81 

81 

125 

92 

151 

101 

175 

64 

102 

81 

155 

92 

187 

104 

225 

61 

51 

78 

83 

88 
102 

61 

09 

78 

109 

88 

133 

98 

156 

61 

87 

78 

135 

88 

165 

100 

201 

59 

42 

75 

71 

85 

89 

59 

57 

75 

94 

85 

117 

94 

138 

59 

74 

75 
119 

85 

146 

96 

178 

i 

72 

61 

83 

79 

57 

47 

72 

82 

81 

103 

90 

121 

57 

63 

7  2 

103 

82 

129 

93 

159 

in 

70 

52 

79 

68 

69 

70 

79 

90 

87 

107 

64 

51 

70 

90 

79 

113 

89 
141 

^ 

67 

43 

76 

58 

67 

60 

76 

79 

84 

95 

62 

42 

67 

78 

76 

99 

86 

125 

^ 

73 

50 

65 
51 

73 

68 

81 

83 

65 

67 

78 

87 

84 
111 

;.^( 

5,080 

82,260 

100.500 

127.360 

144.000 

101,750 

124,460 

158070 

178,920 

197,220 

148,850 

189,050 

213,750 

242,840 
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table  on  p.  428  ahows  for  an  IS-ft.  span  that  6  X  12  X  12  tile,  4-in.  ribs  and  2-in.  top,  with  two  5-^-in.  square  rods 
to  each  rib,  will  give  a  safe  superimposed  load  of  119  lb.  per  sq.  ft.  when  the  shear  is  87  lb.  Or  8  X  12  X  12  tile, 
4-in.  ribs,  2-in.  top  and  two  Js-in.  rounds  will  give  a  superimposed  load  value  of  116  lb.  per  sq.  ft.  and  68  lb.  shear 
The  latter  combination  will  be  accepted  in  this  case  for  illustration.  The  value  »  =  68  will  require  web  reinforce- 
ment for  each  end  of  each  rib.     d  =  Q  in.      Referring  to  Sect.  2,  Art.  34c 

(68  -  40)  (18) 


(2)  (68) 


3.70    ft. 


r.  =  (^«^li2Ml)(3:Z0)(i2)=2490  1b. 

A  }-i-in.  round  stirrup  to  10,000  will  have  a  value  of  980  lb.,  which  would  require  only  say  three  stirrups  at  each  end 

The  resultant  spacing  may  be  considered  unsatisfactory,  spaced  over  the  distance  3.70  ft.     To  give  greater  economy 

in  the  weigtat  of  stirrups  and  in  order  to  preserve  the  proper  spacing,  it  will  be  necessary  in  this  case  to  use  wire  o) 

smaller  gage  than  J-^  in.     A  No.  8  gage  wire  has  a  cross-sectional  area  equal  to  0.023  sq.  in.     Assuming  the  use  ol 

No.  8  wire,  each  stirrup  will  have  a  value 

(2)  (0.023)  (10,000)  =  460  lb. 

2490 

-■„-■■  =  say  6  stirrups  at  each  end, 
4oU 

Now  the  closest  spacing  at  the  end  of  rib  is 

(0.046)  (10,000) 


(68  -  40)  (4) 


4    in. 


No.  8  wire  U-stirrups  spaced  two  at  4  in.,  three  at  5  in.  and  three  at  6  in.  will  be  satisfactory,  which  will  be  two  more 
at  each  end  than  obtained  above. 

The  above  values  for  shear  and  moment  at  tne  center  line  of  supports  do  not  consider  the  additional  strengtl 
produced  by  the  flange  of  the  T-shaped  beams.  In  determining  the  negative  compression  in  ribs  at  supports,  allow- 
ance for  this  may  be  made.  Tbe  moment  for  each  rib  at  the  edge  of  flange  may  be  assumed  to  be  about  5^th  o 
maximum  positive  moment  found  at  the  center  of  ribs.  Table  A  gives  the  moment  80,400  in. -lb.  The  moment  a' 
the  support  for  the  rectangular  section  of  rib  will  then  be 

M  =  (80,400)  (5f)  =  68,900  in.-lb. 

One  ^8-in.  round  of  each  rib  will  extend  straight  in  the  bottom  and  one  J^-in.  round  will  be  bent  up  at  both  endi 
at  the  quarter  points,  and  will  extend  along  the  top  over  beams  to  the  quarter  points  of  adjoining  spans.  Thi; 
arrangement  will  give  an  equal  steel  area  for  positive  and  negative  moments.  When  stirrups  are  used  at  thi 
ends  of  each  rib  the  straight  rods  in  the  bottom  may  be  considered  to  act  in  compression,  but  when  stirrups  are  no 
used  (which  is  more  in  accord  with  general  practice  for  this  type  of  floor  construction,  the  shear  for  each  rib  beinj 
reduced  to  about  40  lb.  by  widening  the  ribs;  the  straight  rods  in  the  bottom  cannot  be  expected  to  act  eflFectivelj 
in  compression.  Stirrups  in  small  ribs  of  this  kind  are  very  awkward  to  install  and  almost  impossible  to  hold  ii 
position  during  construction,  therefore  a  simple  method  of  widening  the  ribs  at  the  flange  of  beams  will  be  illustratec 
ignoring  the  value  of  rods  in  compression.  Referring  to  Fig.  121,  8X8  tile  12  in.  long  will  be  used  at  the  ends  whicl 
will  increase  the  width  of  concrete  ribs  to  8  in.  instead  of  4  in.  8  X  8  X  12  tile  may  be  readily  obtained  from  manu- 
facturers. The  top  steel  at  supports  for  each  rib  has  an  area  equal  to  0.60  sq.  in.  The  percentage  p  for  the  sectior 
where  ribs  are  8  in.  wide  will  be 

0.60 


From  Table  2,  p.  1.52, 

Now  the  stress  in  the  top  steel  is 


(9)(8)        0°««^ 


p  =  0.0083,  k  =  0.33S  and  j  =  0.S71 


M  68,900  ,  ,  ,„^ ,, 

^'  =  I^yd  =   (0.60)  (0.871)  (9)   =  1^.700  lb.  per  sq.m. 

Referring  to  Diagram  2,  p.  155,  when  p  =  0.0083  and/s  =  14,700,  tne  concrete  stress  is  found  to  be  slightly  less  than 
650  lb.  per  sq.  in.     This  method  gives  a  more  definite  assurance  that  the  proper  resistance  to  negative  compressive 
stresses  will  be  carried  out  in  actual  construction,  whereas  the  use  of  stirrups  invites  carelessness  in  execution. 
T-beam  Design. 

Weight  of  tile  and  concrete  floor  =       70  lb.  per  sq.  in. 
Superimposed  load  =     118  lb.  per  sq.  ft. 

Total  floor  load  =     188  lb.  per  sq.  ft. 
Load  per  linear  foot  on  beam  =  (188;  (18)  =  3380 
Load  of  beam  per  linear  foot  assumed  =     450 

Total  load  =  3830  lb.  per  lin.  ft. 
M  =  ^^8^^)[f'(^2^  =  1,240,900  in.-lb. 

As  a  general  rule,  beams  in  connection  with  hollow  tile  and  concrete  floors  come  under  Case  I  (see  Sect.  2,  Art.  40c), 
The  flange  is  made  the  same  thickness  as  the  floor,  which  in  this  case  is  10  in. 
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Buildings  are  usually  planned  to  obtain  the  least  story  height.  Beams  that  extend  too  far  beneath  the  lower 
surface  of  slab  will  lessen  the  clearance  required  between  the  iinderside  of  beam  and  floor  level  and  therefore  are 
objectionable. 

After  making  rough  trials  it  will  be  found  that  a  section  16  in.  wide  by  23  in.  effective  depth  will  fulfill  the 
requirements  for  shear,  or, 

(3830)0)  ,„-,, 

"  =  06)  (7/8)  (23)    =  ^^^  '^-  P"""  '*!•  '°- 

A  beam  16  in.  wide  and  with  d  =  23  in.  will  be  considered  satisfactory. 

t        10 
d 
Now  the  approximate  steel  area  A,  required  will  be 

_  1,240,900 

^'  ~  (0.87)  (23)  (16:000)   ~  ^'^^  ^'^-  '°- 
The  flange  will  be  assumed  to  extend  6  in.  beyond  each  face  of  web,  then  6  =  28  in. 

^  =  iMk)  =  °'''° 
t 
Referring  to  Diagram  6,  p.  168,  when  ^  =  0.435  and  p  =  0.006,  it  is  at  once  determined  that  the  neutral  plane  is  in 

the  flange.     Case  I  applies.     Since  rectangular  beam  formulas  apply.  Table  3,  p.  152,  shows  that  the  controlling 
value  for  p  is  0.00769  when  /»  =  16,000,  fc  =  650  and  n  =  15.     The  value  p  =  0.006  indicates  that  the  concrete 
stress  will  be  less  than  the  assigned  value  for  fc  and  that  the  steel  will  control.     To  confirm  this  understanding, 
the  formulas  governing  this  case  will  be  used  to  check  the  above  results. 
Using  Table  2 

p  =  0.006,  k  =  0.344,  and  j  =  0.885 
The  unit  stress  in  the  steel  and  concrete  will  be 

1,240,900  ,.^,„,u 

^'  =  (3.88)  (0.885)  (23)   =  ^  ^'^lO  lb.  per  sq.  in. 
,         (2) (15,710) (0.0060)        ,,^  ,, 
fc  =  Q~^ "  P"  ^'^^  '"• 

The  flange  width  6  =  28  in.  will  be  used  as  it  is  better  to  have  more  flange  area  than  is  required  in  this  kind  of  con- 
struction on  account  of  working  conditions  at  tne  building,  which  make  it  a  difficult  matter  to  maintain  an  accurate 
specified  space  between  the  ends  of  tile  and  the  beam  sides. 

The  steel  bars  will  now  be  selected  to  conform  to  the  steel  section.  As  =  3.88.  Three  %-in.  rounds  straight  in 
the  bottom  and  two  IJ-g-in.  rounds  bent  will  give  a  combined  area  equal  to  3.80  sq.  in.  The  bent  rods  will  be 
arranged  as  shown  in  Fig.  121  and  extending  to  the  one-fourth  point  of  adjoining  beams.  Diagram  8  shows  that 
the  two  l>^-in.  rounds  or  52  %  of  the  total  area  may  be  bent  up  at  point  0.21  or  3  ft.  9  in.  from  the  center  line  of 
support. 

The  shear  v  has  been  found  to  be  107  lb.  per  sq.  in.  After  applying  the  formulas  the  following  results  are 
obtained:  xi  =  5.63  ft.,  Vi  =  36,210  lb.,  and  assuming  ^-in.  square  U-stirrups  at  10,000  lb.  per  sq.  in.,  the  total 
number  of  stirrups  for  each  end  will  be  13,  and  s  =  2.6  in.  The  stirrups  at  each  end  may  be  spaced  3  at  3,  3  at  4, 
3  at  6  and  4  at  8  in.  center  to  center.  As  bent  rods  will  not  be  used  at  the  supports  to  resist  diagonal  tension,  the 
stirrups  are  proportioned  to  take  the  entire  shear  represented  by  triangle  with  height  j;  —  jji  =  67  and  base  xi  =  5.63. 

Additional  bent  rod  units  may  be  used  to  take  the  entire  shear,  but  a  practical  arrangement  for  them  is  more 
difficult  to  obtain  than  in  the  case  of  stirrups  at  continuous  ends  of  beams. 

A  simple  trial  will  first  be  made  to  ascertain  if  the  rectangular  section  for  negative  moment  is  sufficient  without 
considering  the  compression  rods.     The  four  l>8-in.  rounds  in  the  top  over  supports  have  an  area  As  =  3.97  sq.  in. 

3  97 
"  =  06X23)  =  «0^0« 
„         1,240,900 
^  =     (16)  (23)^  =  ^^^ 
Diagram  2  shows,  with  p  =  1.08  %  and  K  =  146,  that  the  concrete  is  stressed  to  slightly  less  than  800  lb.  and 
the  steel  to  less  than  16,000  lb.     With  the  presence  of  compression  rods,  it  will  be  noted  from  the  values  obtained 
that  the  section  at  the  support  will  give  adequate  strength,  without  resorting  to  further  investigation.     It  has  been 
noted  in  Sect.  2,  Art.  40/,  that  the  negative  moment  decreases  rather  abruptly  from  the  point  of  greatest  intensity 
over  the  supports  and  hence  only  a  small  portion  of  a  continuous  member  will  be  subjected  to  the  greatest  stress. 
For  this  reason  higher  working  stresses  may  be  assumed  at  this  point,  without  endangering  the  strength  of  the 
member. 

The  more  accurate  formulas  for  double-reinforced  rectangular  beams  could  be  applied  to  obtain  the  accurate 
stresses,  but  it  is  hardly  worth  the  while,  if  the  section  is  known  to  afford  safe  resistance  for  negative  stress. 

The  bond  stress  along  the  four  l>i-in.  rounds  at  the  top  of  beam  near  support  is 

34,470  ,„,    ,, 

"  =   047141(7/8X23)   =  ^^^    '^-    P*^""   ^'l-    '°- 
The  tension  rods  in  continuous  beams  over  the  supports,  in  important  cases,  require  inverted  stirrups  to  anchor  them 
into  the  body  of  the  beam.     These  inverted  stirrups  should  be  separate  from  the  stirrups  which  are  designed  prim- 
arily to  resist  diagonal  tension  at  the  ends.      It  is  essential  that  the  main  stirrups  engage  the  straight  rods  in  the 
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/y^a//flyA.;|-|7     ^^>44_^^e_^ 


Fig.   122. 


bottom  at  supports,  otherwise  the  value  of  straight  rods  as  compressive  reinforcement,  may  be  compared  with  tiie 
value  of  longitudinal  rods  of  a  column  without  bands. 

When  designing  a  structure  composed  of  many  different  ordinary  members  of  simple 
construction,  the  experienced  engineer  as  a  general  rule,  has  not  the  time  at  his  disposal  or  the 
incHnation  to  engage  in  long  theoretical  calculations  to  determine  what  is  required  to  safely 
and  economically  support  the  dead  and  superimposed  loads.  The  engineer  who  has  been 
engaged  in  the  design  of  practical  structures  for  a  number  of  years  develops  judgment,  intuition, 
perception  and  a  quick  comprehension  of  the  proper  proportion  required  for  members  when 

ordinary  problems  of  design  arise  for  solution.  In  the 
absence  of  tables,  simple  cases  of  design  may  be  solved 
by  the  use  of  approximate  formulas,  making  it  unnec- 
essary to  resort  to  the  more  complex  and  longer  methods 
of  calculation. 

In   many   forms  of  construction  it  is   possible   to 
prepare  tables  that  wiU  give  directly  the  requirements 
desired  for  given  conditions,  such  as  Tables  II,  12,  and  13  for  combination  hollow  tile  and  con- 
crete joists. 

84.  Metal  Floor-tile  Construction. — Metal  floor  tile,  although  made  by  a  comparatively 
few  manufacturers,  are  used  to  no  little  extent  as  a  substitute  for  hollow  tile.  Fig.  122  shows  a 
typical  cross  section  of  combination  metal  tile  and  concrete  floor  construction.  This  type  of 
floor  gives  a  smaller  dead  weight  than  hollow  tile  construction  per  unit  of  area  and  the  economy 
of  one  over  the  other  should  be  determined  by  making  comparative  estimates. 

The  upper  surface  of  the  metal  tile  is  corrugated  or  depressed  at  intervals  to  prevent  sagging  when  exposed  to 
working  conditions  after  being  placed  in  position  on  the  formwork.  If  the  gage  of  the  metal  is  too  light  or, the 
corrugations  are  not  of  sufficient  depth  and  spacing,  sagging  will  inevitably  occur,  resulting  in  a  material  loss  of 
concrete,  by  increasing  the  specified  thickness  of  the  top. 

As  in  the  case  of  tile  construction,  the  metal  domes  create  voids  in  the  concrete  and  form  a  system  of  small 
T-beams.  The  design  of  this  type  of  floor  is  identical  to  that  of  tile  and  concrete  rib  floors.  In  the  case  of  Hy- 
Rib  ceilings  the  bottom  edges  of  the  metal  tile  are  serrated  to  straddle  the  ribs.  This  type  of  flat  metal  ceiling  is 
laid  in  place  on  the  formwork  before  the  metal  tile  are  placed. 

Metal  tile  are  also  manufactured  in  the  shape  of  domes  for  two-way  reinforced  panels. 

85.  Gypsum  Floor-tile  Construction. — Gypsum  is  one  of  the  best  known  non-conductors 
of  heat  and  cold.  Besides  being  used  for  partitions  in  buildings,  it  is  now  extensiveh*  employed 
in  the  form  of  floor  tile  in  combination  with  concrete  for 

long-span  floor  construction.     Gypsum  floor  tile  are  cast 

from  molds,  and  are  made  from  dense,  hard  gypsum,  with 

sides,   bottom,   top   and   ends   cast   integral.     The  end 

feature  of  these  tile  insures  against  waste  of  concrete  in 

the  event  tile  is  displaced  during  construction.     Fig.  123 

illustrates  this   type  of   floor.     The  joist  spacer  in  the 

bottom  of  each  concrete  rib  which  preserves  intact  the 

specified  width  of  rib,  is  one  of  the  cardinal  advantages  of  this  system.     Metal  lath  ceihngs 

are  ehminated  by  the  use  of  this  construction  and  the  plaster  is  appUed  directly  on  the  gypsum 

surface.     Each   tile   is   reinforced  throughout  with  metal  fabric  to  prevent  breakage  beyond 

reasonable  expectations,  during  shipment  and  handling. 


Qypsum  tile '  l^'^oisf  spater 
Fig.  123. 


Size  of  gypsum  floor  tile  (see  Fig.  123) 

6  in. 

S  in. 

10  in. 

12  in. 

B  —  Height  of  tile                        

7  in. 

9  in. 

11  in. 

13  in. 

24  lb. 

27  1b. 

301b. 

33  1b. 
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Flat  gypsum  tile  are  manufactured  principally  for  the  roofs  of  factory  buildings.  The  tile  are  reinforced  in 
the  bottom  and  are  designed  for  a  safe  uniform  load  of  100  lb.  per  sq.  ft.  Each  unit  is  30  X  12  X  3  in.  thick  and 
weighs  13  lb.  per  sq.  ft. 

85a.  Collapsible  Wood  Forms  for  Floor  Construction. — During  recent  years, 
collapsible  wood  forms  have  been  introduced  on  the  market  in  competition  with  metal,  hollow 
clay  tile,  and  gypsum,  comprising  another  means  of  constructing  floors  and  roofs  consisting  of 
a  series  of  small  T-beams. 

One  type  of  wood  form  popularly  employed  consists  of  form  units  that  are  made  collapsible, 
permitting  the  soffit  board  or  supporting  member  of  each  concrete  joist  to  remain  intact  until  the 
remaining  forms  and  supports 
can  be  removed  with  safety. 
This  operation  permits  the  col- 
lapsible units  to  be  removed 
with  safety.  The  operation  also 
permits  the  collapsible  units  to 
be  removed  at  an  early  stage 
and  reused  for  other  parts  of  the 
construction  (see  Fig.  123^1). 

Wood  forms  have  the  advantage  over  similar  systems  in  that  the  distance  center  to  center 
of  concrete  joists  may  be  varied  to  suit  the  economical  and  other  requirements  of  design.  The 
economy  of  this  type  of  floor  construction,  as  in  the  case  of  other  systems,  is  a  matter  of  conjec- 
ture until  comparative  designs  and  costs  are  made  to  arrive  at  reliable  conclusions. 

86.  Beam  Schedules. — Fig.  124  shows  two  typical  arrangements  for  beam  schedules, 
which  concentrate  in  detail  the  information  desired  for  the  preparation  of  steel  order  lists  and 
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to  simplify  the  work  of  the  superintendent  during  the  erection  of  a  structure.  With  such 
schedules  available  the  superintendent  may  select  in  advance  the  material  desired  for  any  one 
member  or  collection  of  members.  Knowing  the  number  of  beams  required  and  the  dimensions 
for  the  sections,  falsework  for  the  beam  sides  and  bottoms  may  be  readily  constructed  in  advance 
for  the  entire  building.  Schedules  are  especially  adapted  for  beams  of  simple  design,  or  those 
that  have  a  uniform  section  throughout,  with  reinforcement  bent  symmetrical  about  the  center 
line  of  the  member.  The  location  of  "rod  bends"  from  the  center  line  of  bearings  should  be 
indicated  for  special  reinforcement  as  shown  for  B  30  and  B  31,  Fig.  124.  There  is  little  excuse 
for  wrong  installation  if  the  drawings  are  made  clear,  concise,  and  entirely  convenient  for  ready 
reference. 


It  is  often  necessary  to  prepare  complete  details  for  complicated  beams  or  girders  and  project  the  location  of 
straight  and  bent  rods  from  the  elevation.  Details  with  projected  reinforcement,  such  as  indicated  in  Fig.  126, 
clearly  show  the  relative  position  and  bends  for  each  rod.  Some  drawings  prepared  without  due  regard  for  accu- 
racy require  the  most  expert  interpretation  to  fathom  the  probable  intentions  of  the  designer.  Superintendents 
have  often  been  observed  making  their  own  interpretations  by  guessing  at  the  requirements.  After  the  con- 
crete is  poured  no  one  else  will  be  any  the  wiser  unless  failure  occurs.  In  the  event  of  failure,  the  designer  is  deserv- 
ing of  blame  and  not  the  superintendent. 

87.  Ransome  Unit  System. — Plate  1  shows  the  main  details  of  this  system.  The  girders 
are  notched  along  the  top  at  intervals  of  about  4  ft.  to  receive  the  beams.  The  stirrups  and  bent 
rods  of  these  girders  are  so  arranged  as  to  insure  a  mechanical  bond  between  the  girder  and  slab. 
The  ends  of  girders  are  widened,  so  as  practically  to  cover  the  cap  of  the  column.  The  ends  of 
beams  which  fit  into  the  pockets  of  the  girders  are  dove-tailed  to  increase  the  anchorage  at  these 
points. 
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The  slabs  which  span  an  average  of  4  ft.  are  poured  on  forms  previously  erected  between  the  beams.  Ledgers 
are  bolted  to  the  sides  of  the  beams  upon  which  the  slab  forms  rest,  thus  eliminating  vertical  shores  from  the  floor 
below.  As  a  consequence  of  this  procedure  in  the  construction  of  this  type  of  floor,  the  beams  and  girders  are 
designed  to  carry  their  own  dead  weight,  the  weight  of  the  floor  slab,  and  the  construction  loads  incident  to  building 
operationa. 
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The  shortness  of  span  and  the  nature  of  the  construction  permit  of  removing  all  forms  in  the  shortest  time. 

The  columns  are  reinforced  with  longitudinal  rods  and  bands  or  hoops  in  addition  to  a  longitudinal  rod  inserted 
n  a  cored  hole  extending  through  the  center  of  the  column.  The  holes  are  grouted  from  the  top  after  the  beams 
md  girders  are  set  in  place.  The  cored  hole  is  made  larger  and  flared  out  at  the  base  of  column  to  give  an  even  bed 
tor  bearing.  The  loads  from  columns  in  one  story  to  that  of  the  other  beneath  are  transferred  entirely  by  means 
jf  flared  caps  and  bases  and  are  not  assisted  by  the  lapping  of  any  longitudinal  rods,  as  is  ordinarily  done  in  mono- 
thic  construction. 

88.  Saw-tooth  Roof  Construction. — Saw-tooth  roofs  arranged  to  provide  a  diffusion  of 
aorth  light  and  ventilation  have  been  found  especially  adapted  for  factories  and  machine  shops. 
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Sec+ion  R-3-R-3 
Fia.  125. 

The  cost  of  this  type  of  roof  is  somewhat  in  excess  of  the  ordinary  flat  arrangement  of  reinforced 
concrete  construction,  or  saw-tooth  roofs  built  of  other  materials,  but  the  advantages  gained 
in  efficiency,  fireproofness,  and  maintenance  in  the  case  of  concrete  more  than  offset  the  addi- 
tional cost  entailed. 

Fig.  125  shows  a  typical  arrangement  for  reinforced  concrete  saw-tooth  roof  construction. 
The  effectiveness  of  Ught  afforded  will  depend  to  a  considerable  extent  on  the  angle  at  which 
the  sash  and  glass  are  placed.     In  the  example  given  in  Fig.  125,  the  glass  surface  has  an  angle 
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)!'  24  cleg.  26  min.  12  sec.  with  the  vertical,  which  has  proven  entirely  satisfactory.  Then  again 
■  lower  edge  of  sash  should  be  a  sufficient  distance  above  the  surface  of  trougli  formed  by  the 
saw-tooths  over  the  main  supporting  girders,  to  prevent  leaks  from  occurring  when  snow  is 
banked  over  the  area.     All  troughs  should  be  arranged  for  proper  drainage. 

The  saw-tooth  roofs  shown  in  Fig.  125  are  supported  by  beams  R  and  R\,  each  having  a 
span  of  49  ft.  6  in.  center  to  center  of  supports.  The  design  of  these  members  is  shown  in  Fig.  126. 
On  account  of  the  loads  from  the  8x8-in.  posts  being  distributed  through  the  11-in.  walls  to  the 
beams,  the  entire  dead  and  live  loads  were  considered  uniformly  distributed  when  deriving  the 
maximum  positive  and  negative  moments  for  three  spans. 

It  will  be  interesting  to  note  that  since  the  dead  load  of  the  construction  is  considerably 
greater  than  the  live  load  (in  this  case  approximately  three  times  the  live  load),  the  maximum 
positive  moment  at  the  center  of  interior  span  is  much  less  than  the  moment  obtained  by  for- 
mula M  =  yy.     The  load  assumptions  used  in  the  design,  Fig.  126,  could  hardly  be  reahzed 

ander  normal  conditions  for  a  roof  subjected  only  to  strains  occasioned  by  dead  load,  snow, 
svind,  and  water,  but  were  used  and  moment  hnes  plotted  accordingly  to  provide  a  more  accurate 
distribution  for  the  steel  reinforcement  than  could  be  obtained  by  the  approximate  moment 
assumptions  usually  employed  in  the  design  of  important  members. 

The  design  of  long-span  continuous  members  frequently  requires  the  splicing  of  the  reinforc- 

ng  bars,  due  to  the  difficulty  of  securing  the  bar  length  desired  in  single  units.  In  the  design  of 
oeams  R  and  Rl,  Fig.  126,  the  bars  were  spliced  as  shown  at  points  where  the  moments  would 
permit.     Each  rod  splice  was  secured  together  by  two  yi-in.  U-bolts,  which  proved  more  practi- 

al  and  effective  in  this  instance  than  wire  of  small  gage. 

As  in  the  case  of  Beams  B  and  51,  Fig.  46,  p.  146,  the  reinforcing  bars  for  maximum  positive 
and  negative  moments  in  beams  R  and  R\,  Fig.  126,  were  proportioned  for  moments  M  = 

-TTT  and  -y^,  on  account  of  the  building  ordinance  requirements  which  had  to  be  complied  with. 

To  insure  fireproofness  and  permanency,  saw-tooth  skylights  are  preferably  glazed  with 
J^-in.  wired  glass  securely  fastened  with  glazing  clips  in  metallic  frames.  Movable  sash  are 
mechanically  controlled  by  operating  devices. 

FLAT  SLAB  CONSTRUCTION 
By  Arthur  R.  Lord 

89.  In  General. — Flat  slab  construction  consists  of  a  concrete  slab  of  practically  uniform 
thickness  so  designed  that  the  slab  carries  and  transfers  the  load  coming  upon  it  directly  to  the 
'columns.  This  form  of  construction,  first  conceived  by  Norcross  and  Hill  in  the  closing  years 
af  the  nineteenth  century  and  energetically  promoted  by  Turner  and  Leonard  early  in  the 
present  century,  has  long  since  come  to  be  the  usual  type  for  warehouses  and  factories.  It  is 
also  widely  used  for  viaducts  and  bridges  and  in  buildings  of  the  hotel,  apartment,  and  office 

lasses. 

Early  designs  were  entirely  empirical,  and  some  of  the  early  structures  have  proved  unsatis- 
factory.    Present  design  standards  are  based  on  stresses  observed  in  extensometer  tests  of 

ompleted  buildings  or  special  test  panels  as  made  since  1910  by  Lord,  Slater,  Hatt,  and  others. 
We  are  still  lacking  any  adequate  mathematical  analysis  for  this  type  of  construction,  but  the 

arly  discord  and  argument  has  largely  died  out  since  the  expiration  of  the  basic  Norcross  patent, 
md  the  difference  in  the  design  ordinances  now  in  most  common  use  are  not  great. 

90.  Types  of  Flat  Slabs. — There  are  two  classifications  of  flat  slab  construction  in  common 
ase,  one  based  on  the  concrete  and  the  other  based  on  the  arrangement  of  the  reinforcement. 
A.S  based  on  the  concrete,  we  have : 

(a)  Drop  construction,  the  usual  flat  slab  with  drop  panel  resting  on  enlarged  column 
apitals. 

(6)  Capital  construction,  the  type  having  a  uniform  slab  throughout  (no  drop  panel)  and 
■esting  on  capitals. 
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(c)  Column  construction,  the  type  having  a  uniform  slab  throughout  and  resting  on  columns 
without  capitals. 

{d)  Panel  construction,  like  a,  b,  or  c  but  having  recessed  panel  in  ceiling  to  reduce  slab 
thickness  at  center  of  floor  panels. 

(e)  Filler  construction,  in  which  tile  fillers  or  metal  forms  are  used  to  lighten  the  weight. 
Otherwise  like  a,  b,  or  c. 

As  based  on  the  reinforcing  steel,  we  have  five  types: 

(1)  The  original  four-way  type,  in  which  bands  of  reinforcing  rods  extend  from  column  to 
column  in  both  direct  and  diagonal  directions. 

(2)  The  two-way  type,  in  which  the  diagonal  bands  of  type  1  are  replaced  by  secondary 
bands  extending  parallel  to  and  between  the  direct  bands. 

(3)  The  three-way  type,  in  which  the  bands  extend  in  three  directions  directly  between 
columns  placed  at  the  apices  of  triangles.     (Top  rods  are  omitted  in  Fig.  128.) 

(4)  Types  combining  features  of  the  above,  as,  for  example,  four-way  reinforcing  at  the 
center  combined  with  two-way  reinforcing  at  the  column  head. 

(5)  Types  employing  sets  of  concentric  reinforcing  rings  instead  of  bands  of  rods,  in  part 
or  in  whole. 

The  most  common  types  combine  classifications  la  or  2a  for  maximum  economy.  Classes 
Ic  and  2c  are  used  in  hotels  and  office  buildings  where  drops  and  capitals  are  objectionable  from 
architectural  considerations.  The  use  of  ring  reinforcement,  as  in  class  5,  is  subject  to  serious 
objections.  Such  systems,  unless  the  ring  bars  are  a  negligible  part  of  the  whole  reinforcement, 
are  liable  to  cause  cracks  which  leave  the  slab  weak  in  shear  resistance,  and  they  also  must  be 
expected  to  exhibit  continuously  increasing  deflection  and  sagging  due  to  the  flow  or  time  yield 
of  the  concrete  in  compression  against  the  rings. 

91.  Design  Standards. — -No  accepted  national  standard  for  flat  slab  design  exists  today. 
The  American  Concrete  Institute  tentative  standard,  Reinforced  Concrete  Building  Regula- 
tions, adopted  in  1927,  will  be  used  in  this  discussion.  ^  This  standard  is  based  upon  and  is  a 
copy  of  the  Joint  Committee  Specifications  as  contained  in  their  1924  report.*  It  is  changed 
from  specification  to  building  code  language,  and  certain  formulas  for  computing  compressive 
stresses  in  the  concrete  are  omitted  as  requiring  vmnecessary  calculations.  By  the  A.C.I. 
regulations  these  stresses  are  computed  in  the  usual  way  for  the  various  design  strips.  The  full 
text  of  the  A.C.I,  regulations  as  applying  to  flat  slabs  is  given  below.  As  compared  with  the 
widely  adopted  Chicago  flat  slab  code,  the  A.C.I,  standard  presents  the  same  total  bending 
moment  distributed  somewhat  differently  to  accord  with  a  large  amount  of  test  data  not  avail- 
able when  the  Chicago  code  was  drawn.  It  requires  slightly  thicker  slabs  and  less  reinforcing 
steel.  The  A.C.I,  standard  has  the  very  great  advantage  over  the  older  city  codes  of  presenting 
a  single  set  of  provisions  applying  consistently  to  all  types  a  to  d  and  1,  2,  and  4,  as  given  above. 
It  does  not  give  detailed  rules  for  type  3,  as  this  type  has  not  come  into  general  use  as  yet.  It 
definitely  rules  out  type  5  unless  the  amount  of  ring  reinforcement  is  quite  small. 

92.  A.C.I.  Standard  Regulations  for  Flat  Slabs. — (Two-way  and  Four-way  Systems  with 
Square  or  Rectangular  Panels.) ^ 

K-l.  Limitations. — The  term  flat  slabs,  as  used  in  these  regulations,  refers  to  concrete  slabs,  having  reinforce- 
ment bars  extending  in  two  or  four  directions,  without  beams  or  girders  to  carry  the  load  to  supporting  members. 
The  moment  coefficients,  moment  distribution,  and  slab  thicknesses  specified  herein  are  for  slabs  which  have  three 
or  more  rows  of  panels  in  each  direction  and  in  which  the  panels  are  approximately  uniform  in  size.  Slabs  with 
paneled  ceiling  or  with  depressed  paneling  in  the  floor  shall  be  considered  as  coming  under  the  requirements  herein 
given,  provided  the  depth  of  the  thicker  portions  of  the  slab  does  not  exceed  1.5  times  the  depth  of  the  remainder  of 
the  slab. 

These  regulations  shall  not  apply  to  flat  slabs  in  which  the  ratio  of  length  to  width  of  panel  exceeds  1.4. 

K-2.  Panel  Strips  and  Principal  Design  Section. — For  convenience  of  reference,  a  flat  slab  panel  shall  be  con- 
sidered as  consisting  of  strips  as  follows: 

A  middle  strip  one-half  panel  in  width,  symmetrical  with  respect  to  the  panel  center  line  and  extending  through 
the  panel  in  the  direction  in  which  moments  are  being  considered. 

Two  colu7nn  strips,  each  one-quarter  panel  in  width,  occupying  the  two  quarter-panel  areas  outside  the  middle 
strip. 

When  considering  moments  in  the  direction  of  the  width  of  the  panel,  the.  panel  is  similarly  divided  by  strips, 
the  widths  of  which  are  respectively  one-half  and  one-quarter  of  the  length  of  the  panel. 

1  A.C.I,  regulations  modified  slightly  im  1928.      See  Appendix  K  for  the  amended  regulations. 

2 See  Appendix  J. 
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In  tlio  succeeding  paragraphs,  the  provisions  for  hniiting  moments,  etc.,  are  related  to  certain  critical  sections. 
These  sections  are  referred  to  as  the  principal  design  sections  and  are  located  as  follows: 

Sections  for  Negative  Moment. — These  shall  be  taken  along  the  edges  of  the  panel,  that  is,  along  the  lines 
joining  the  column  centers.     For  the  column  strips,  the  section  shall  follow  the  center  line  between  columns  to 

the  edge  of  the  column  capital  (i.e.,  to  a  point  c/2 
from  the  column  center)  and  then  around  the  circum- 
ference of  the  column  capital  for  a  one-quarter 
circumference. 

Sections  for  Positive  Moment. — These  shall  be 
taken  on  the  center  line  of  the  panel,  crossing  the 
strips  for  which  moments  are  being  considered. 

K-3.  Moments  in  Interior  Panels. — In  flat  slabs  in 
which  the  ratio  of  reinforcement  (p)  for  negative 
moment  in  the  column  strip  is  not  greater  than  0.01, 
the  numerical  sum  of  the  positive  and  negative 
moments  in  the  direction  of  either  side  of  a  rectangu- 
lar panel  shall  be  not  less  than  that  given  by  Formula 
(1). 

ii/.  =  o.o9n-/(i-^;)=  (1) 

where  Mo  =  sum    of   positive  and  negative  bending 
moments,  at  the  principal  design  sec- 
tions,   in  the  direction   in    which  the 
length  is  given  by  I.     This  moment  is 
in   foot-pounds  where  the  other  items 
are  in  the  units  indicated  below, 
c  =  base  diameter  in  feet  of  the  largest  right 
circular  cone  which  lies  entirely  within 
the  column  (including  the  capital)  the 
vertex  angle  of  which  is  90  deg.  and 
the  base  of  which  is  1,^2  in.  below  the  bottom  of  the  slab  or  the  bottom  of  the  dropped  panel. 
I  =  span  length  in  feet  of  the  flat  slab  panel,  center  to  center  of  columns  in  the  direction  in  which  moments 
are  considered.      (When  considering  moments  in  any  direction,  the  width  of  column  and  middle  strips 
must  be  related  to  the  length  of  span  at  right  angles  to  that  in  which  moments  are  being  considered.) 
W  =  total  dead  and  live  load  in  pounds  uniformly  distributed  over  a  single  panel  area. 
K-4.   Moments  in  Principal  Design  Sectio7is. — The  moments  in  the  principal  design  sections  shall  be  those 
given  in  the  accompanying  table  of  moments,  except  as  follows: 

a.  The  sum  of  the  maximum  negative  moments  in  the  two-column  strips  may  be  greater  or  less  than  the  values 
given  in  the  table  of  moments  by  not  more  than  0.03  Mo. 

b.  The  maximum  negative  moment  and  the  maximum  positive  moments  in  the  middle  strip  and  the  sum  of  the 
maximum  positive  moments  in  the  two-column  strips  may  be  greater  or  less  than  the  values  given  in  the  table  of 
moments  by  not  more  than  O.OlAfo. 


Design     Strips    at  right  angles   are 
similarly  located. 

Fig.  129. — Design  strips  and  principal  moment  sections. 
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K-b.  Lateral  Dimensions  of  Dropped  Panels. — The  dropped  panel  shall  have  a  length  or  diameter  in  each  direc- 
tion parallel  to  a  side  of  the  panel  of  not  less  than  one-third  the  panel  length  in  that  direction. 

K-6.  Thickness  of  Slabs  and  Dropped  Panels. — The  total  thickness  of  the  slab  through  the  dropped  panel  ti,  in 
inches,  or  of  the  slab  if  a  dropped  panel  is  not  used,  shall  be  not  less  than  the  value  given  by  Formula  (2). 

ti  =  0.03s(l  -  1.44^); 'Y«"''^    +  IM  (2) 

where  R  =  ratio  of  negative  moment  in  the  two-column  strips  parallel  to  the  length  to   the  total  moment  Mo; 
w'  =  uniformly  distributed  dead  and  live  load  per  square  foot; 
li  =  width  in  feet  of  the  panel  at  right  angles  to  the  direction  of  the  length  I; 

bi  =  dimension  in  feet  of  the  dropped  panel  in  the  direction  parallel  to  h,  except  that  in  a  slab  without 
dropped  panel  6i  shall  be  taken  as  0.5h. 
For  slabs  with  dropped  panels  the  total  thickness  in  inches  at  points  beyond  the  dropped  panel  shall  be  not  less 
than 

h  =  0.02l^/^  +  1  (3) 

The  dropped  panel  shall  have  a  thickness  ti  not  greater  than  1.5^2. 


In  determining  minimum  thickness  by 
Formulas  (2)  and  (3),  the  value  of  /  shall  be 
the  panel  length  center  to  center  of  the  col- 
umns, on  long  side  of  panel,  and  the  value  of 
li  shall  be  the  panel  width,  center  to  center 
of  the  columns. 

The  slab  thickness  <i  or  <2  shall  in  no  case 
be  less  than  Z/32  for  floor  slabs  and  not  less 
than  1/40  for  roof  slabs. 

K-7.  Wall  and  Other  Irregular  Panels. — 
In  wall  panels  and  other  panels  in  wnich  the 
slab  is  not  continuous  with  an  adjacent  panel, 
the  maximum  negative  moment  at  the  edge  of 


load  causing  Shear  at  Section 
{outside  of  Column  Capital. 


Load  causinaStiear  at  Section 
outside  of  urop  Panel-;. 


Critical  Section  fbrStiear- 
outside  of  Drop  Panel 


Fig.  130. — Critical  sections  for  shear  as  governing  diagonal  tension. 


the  panel  opposite  to  the  discontinuous  edge  and  the  maximum  positive  moment  at  the  center  of  this  panel  shall  be 
increased  as  follows: 

a.  In  the  column  strip  perpendicular  to  the  wall  or  discontinuous  edge,  15  %  greater  than  that  given  in  the 
table  of  moments  for  interior  panels. 

h.  Middle  strip  perpendicular  to  wall  or  discontinuous  edge,  30  %  greater  than  that  given  in  the  table  of 
moments  for  interior  panels. 

In  these  strips  the  bars  used  for  positive  moments  perpendicular  to  the  discontinuous  edge  shall  extend  to  the 
edge  of  the  panel  at  which  the  slab  is  discontinuous. 

At  the  wall  or  discontinuous  edge  the  negative  moment  in  the  column  strip  shall  be  taken  as  not  less  than  90  % 
and  in  the  middle  strip  not  less  than  65  %  of  the  corresponding  moments  for  a  normal  interior  panel  as  given  in  the 
table  of  Sect.  K-4. 

K-8.  Panels  with  Marginal  Beams. — In  panels  having  a  marginal  beam  on  one  edge  or  on  eacn  of  two  adjacent 
edges,  the  beam  shall  be  designed  to  carry  at  least  the  load  superimposed  directly  upon  it,  exclusive  of  the  panel 
load.  A  marginal  beam  which  has  a  depth  greater  than  the  thickness  of  the  dropped  panel  into  which  it  frames 
shall  be  designed  to  carry,  in  addition  to  the  load  superimposed  directly  upon  it,  a  uniformly  distributed  load  equal 
to  at  least  one-fourth  of  the  total  live  and  dead  load  for  which  the  adjacent  panel  or  panels  are  designed.  Slabs 
supported  by  marginal  beams  on  opposite  edges  shall  be  designed  as  freely  supported  slabs  for  the  entire  load. 

Column  strips  adjacent  to  and  parallel  with  marginal  beams  having  a  depth  less  than  the  thickness  of  the 
dropped  panel  shall  be  designed  to  resist  the  moment  specified  for  a  column  strip  in  the  table  of  moments.  Column 
strips  adjacent  to  and  parallel  with  marginal  beams  having  a  depth  greater  than  the  thickness  of  the  dropped  panel 
shall  be  designed  to  resist  a  moment  at  least  one-half  as  great  as  that  specified  for  a  column  strip  in  the  table  of 
moments. 

In  wall  columns  where  brackets  are  used  in  place  of  capitals,  the  value  of  c  in  the  direction  in  which  the  bracket 
extends  shall  be  taken  as  twice  the  distance  from  the  center  of  the  column  to  a  point  13-2  in.  back  from  the  edge  of 
the  bracket  and  averaged  with  the  value  of  c  for  an  interior  column  capital  in  the  computation  for  moment  in  For- 
mula (1).  The  value  of  c  for  column  strips  parallel  with  and  adjacent  to  marginal  beams  shall  be  taken  as  equal 
to  the  width  of  the  wall  column  if  no  bracket  is  used  in  this  direction. 

K-Q.  Flat  Slabs  on  Bearing  Walls. — Where  there  is  a  beam  or  a  bearing  wall  at  the  center  line  of  columns  in 
the  interior  portion  of  a  continuous  flat  slab,  the  negative  moment  at  the  beam  or  wall  line  in  the  middle  strip  per- 
pendicular to  the  beam  or  wall  shall  be  taken  as  30  %  greater  than  the  negative  moment  specified  in  the  table  of 
moments  (Sect.  K-4)  for  a  middle  strip.  The  column  strip  adjacent  to  and  lying  on  either  side  of  the  beam  or  wall 
shall  be  designed  to  resist  moments  at  least  one-half  of  those  specified  in  the  table  of  moments  (Sect.  K-4)  for  a 
column  strip. 

KIO.  Point  of  In/lection. — In  the  middle  strip  the  point  of  inflection  for  the  slabs  without  dropped  panels  shall 
be  assumed  at  a  line  0.301  distant  from  the  center  of  the  span  and  for  slabs  with  dropped  panels  0.251  distant  from 
the  center  of  the  span. 

In  the  column  strip  the  point  of  inflection  for  slabs  without  dropped  panels  shall  be  at  a  line  0.30  {I  —  c)  dis- 
tant from  the  center  of  the  panel  and  0.25  (.1  —  c)  for  slabs  with  dropped  panels. 
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K-ll.   Effective  Reinforcement. — The  reinforcement  which  crosses  any  section  and  which  fulfils  the  require-     K 
ments  given  in  Sect.  K-12  may  be  considered  as  effective  in  resisting  the  moment  at  the  section.     The  sectional     jcC 
area  of  a  bar  multiplied  by  the  cosine  of  the  angle  between  the  direction  of  the  axis  of  the  bar  and  any  other  direc- 
tion may  be  considered  effective  as  reinforcement  in  that  direction. 

A^-12.  Arrangement  of  Reinforcement. — Provision  shall  be  made  for  seciiring  the  reinforcement  in  place  so  as  to 
resist  properly  not  only  the  critical  moments  but  also  the  moments  at  intermediate  sections.  Provision  shall 
also  be  made  for  possible  shifting  of  the  point  of  inflection  by  carrying  all  bars  in  rectangular  or  diagonal  directions, 
to  points  at  least  20  diameters  beyond  the  point  of  inflection  each  side  of  a  section  of  critical  moment,  either  positive 
or  negative.  Lapped  splices  shall  not  be  permitted  at  or  near  regions  of  maximum  stress  except  as  described  in 
Sect.  F-5.  At  least  four-tenths  of  all  bars  in  each  direction  shall  be  of  such  length  and  shall  be  so  placed  as  to  pro- 
vide reinforcement  at  two  sections  of  critical  negative  moment  and  at  the  intermediate  section  of  critical  positive 
moment.  Not  less  than  one-third  of  the  bars  used  for  positive  reinforcement  in  the  column  strip  shall  extend  into 
the  dropped  panel  at  least  20  diameters  of  the  bar  or,  in  case  no  dropped  panel  is  used,  shall  extend  to  within  one- 
eighth  of  the  span  length  from  the  center  line  of  the  column  or  the  support. 

K-13.  Special  Panel  Arrangement. — For  structures  having  a  width  of  less  than  three  (3)  rows  of  panels,  or  in 
which  irregular  or  special  panels  are  used,  an  analysis  shall  be  made  of  the  moments  developed  in  both  slabs  and 
columns.      When  so  required,  computations  shall  be  submitted  to  the  commissioner  of  buildings  for  approval. 

7-6.  Shearing  Stress  in  Flat  Slabs. — -In  flat  slabs,  the  shearing  unit  stress  computed  by  Formula  (4)  (in  which 
d  shall  be  taken  as  h  —  1^2)  on  a  vertical  section  which  lies  at  a  distance  ti  —  lJ-2  from  the  edge  of  the  column  capi- 
tal and  parallel  with  it  shall  not  exceed  0.02/'<;  multiplied  by  tne  following  factor:  1  plus  the  ratio  which  the  cross 
sectional  area  of  the  negative  reinforcement  in  the  width  of  strip  directly  above  the  column  capital  bears  to  the 
cross  sectional  area  of  the  negative  reinforcement  in  the  full  width  of  two  column  strips.  At  least  25  %  of  the  total 
cross  sectional  area  of  the  negative  reinforcement  in  two-column  strips  must  be  within  the  width  of  strip  directly 
above  the  column  capital. 

"  =  76^  ^^> 

In  no  case  shall  the  unit  shearing  stress  exceed  O.OS/'c. 

The  shearing  unit  stress  computed  by  Formula  (4)  (in  which  rf  shall  be  taken  as  <2  —  1>^)  on  a  vertical  section 
which  lies  at  a  distance  of  t2  —  IJ-2  from  the  edge  of  the  dropped  panel  and  parallel  with  it  shall  not  exceed  O.OS/'e. 
At  least  50  %  of  the  cross  sectional  area  of  the  negative  reinforcement  in  two-column  strips  must  be  within  the 
width  of  strip  directly  above  the  dropped  panel. 

93.  Moment  Coefficients. — The  A.C.I,  regulations  follow  the  Joint  Committee  in  prescrib- 
ing different  moment  distribution  for  four-way  and  two-way  fiat  slabs  and  for  slabs  with  or 
without  drop  panels.  They  also  permit  of  small  changes  in  these  coefficients  (see  Sect.  K-4)  at 
the  option  of  the  designer.  Space  will  not  permit  us  to  take  up  all  of  the  various  types  of  flat 
slabs  to  which  the  regulations  are  readily  applied.  We  will  first  consider  in  detail  the  four-way 
type  with  drop  panel  and  column  capital — type  la.  Since  the  A.C.I,  regulations  require  thicker 
slabs  than  Chicago,  for  instance,  we  shall  vary  the  coefficients  in  the  table  as  follows,  throwing 
slightly  less  moment  to  the  column  head  and  more  to  the  other  sections,  all  as  provided  in  the 
regulations: 

Negative  moment  at  column  head      —Mc  =  O.BlMo 
Positive  moment  on  direct  band  +Mc  =  0.20Mo 

Positive  moment  on  diagonal  bands  +M„,  =  0.20^0 
Negative  moment  to  top  rods  —Mm  =  O.OQMo 

While  the  moment  +  M„,  is  equal  to  +Mc,  the  right  sectional  area  of  rods  in  one  diagonal  band 
will  be  0.7  of  that  in  a  direct  band,  for  square  panels,  since  components  of  two  diagonal  bands 
are  effective  in  resisting  +Mm- 

94.  Slab  and  Drop  Thickness. — A.C.I.  Formula  (2)  for  drop  thickness  appears  very 
complicated  and  is  made  so  by  its  wide  range  in  application  to  all  types  of  flat  slabs.  It  becomes 
very  simple  when  the  usual  office  standards  are  applied  to  a  single  type  of  flat  slab  construction. 
In  addition  to  the  slight  change  in  moment  coefficients  for  four-way  slabs  noted  above,  we  shall 
consider  that  the  side  of  the  drop  will  always  be  0.S51  and  that  the  diameter  of  the  column 
capital  will  always  be  0.225Z. 

Considering  the  typical  square  panel,  in  which  h  =  I,  we  have 


for  slabs  with  drop  panels,  and 


h  =  ^VV  +  1^  in.  (2.4) 

h  =  ^\A?  -f-  l|  in.  (2B) 


IJI 
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for  slabs  without  drop  panels.  Since  the  limitation  in  paragraph  K-6  (that  the  drop  panel 
thickness  shall  not  exceed  lj'2  times  the  slab  thickness)  commonly  governs,  a  single  formula 
may  be  written  for  slabs  with  drop  panels,  replacing  (2)  and  (3),  as  follows: 

h  =|-3^V^'  +  lin.  (3.4) 

which  gives  the  slab  thickness  h,  of  which  the  drop  projection  below  the  slab  ceiling  is  commonly 
one-half. 

95.  Design  Diagram. — For  any  selected  office  standards  a  simple  design  diagram  for  flat 
slab  floors  may  be  readily  computed  and  plotted.  Diagram  1  is  made  for  the  set  of  office 
standards  as  indicated  above  and  applies  to  four-way  interior  square  panels  in  which  the  side 
of  the  square  drop  panel  is  0.35Z  and  the  diameter  of  the  column  capital  is  0.225Z  and  the  moment 
coefficients  are  as  listed  in  Art.  93.  The  diagram  is  based  on  a  fixed  relationship  between  the 
steel  area  required  in  the  top  bars  {  —  Mm  section)  and  that  required  at  the  other  sections.  The 
establishment  of  this  relation  very  materially  reduces  the  labor  of  computation  while  the  use 
of  the  diagram  permits  of  the  selection  of  the  steel  areas  at  all  principal  design  sections  in  a  few 
seconds.  Shearing  stresses  are  within  the  A.C.I,  and  Joint  Committee  requirements  for  all 
designs  selected  from  the  diagram  provided  that  at  least  one-fourth  of  the  long  bars  in  the  direct 
and  diagonal  bands  are  arranged  to  pass  directly  over  the  column  capital  and  that  at  least 
one-half  of  them  pass  directly  over  the  drop  panel.  With  the  usual  even  distribution  of  long 
and  short  bars  across  the  band  width  of  0.4Z,  more  than  the  required  minimum  proportion  will  so 
pass  over  the  capital  and  drop  and  this  rule  requires  no  special  consideration. 

96.  Use  of  Design  Diagram. — In  using  the  diagram,  the  slab  thickness  is  obtained  from 
the  upper  portion  of  the  diagram.  The  drop  thickness  (projection  below  the  slab  ceiling)  is 
one-half  of  the  slab  thickness.  The  dimension  of  the  side  of  the  square  drop  panel  and  of  the 
column  capital  are  stated  at  the  top  of  the  diagram.  This  completes  the  concrete  design. 
The  lower  portion  of  the  diagram  gives  the  steel  area  required  in  the  top  bars  (  —  Mm),  in  the 
long  bars  of  the  direct  band  (lapping  across  the  column  heads  on  either  end),  and  in  the  short 
bars  of  the  diagonal  band  (lying  straight  in  the  bottom  of  the  slab).  This  steel  area  is  the  right 
sectional  area  of  the  bars  in  each  group,  and  the  number  of  bars  is  found  by  dividing  this  area  by 
the  area  of  one  bar  of  the  size  (^g  in.  round,  3^  in.  round,  }4  in.  square  or  f  ^  in.  round)  selected 
for  use.  The  steel  area  required  in  the  short  bars  of  the  direct  band  (lying  straight  in  the  bottom 
of  the  slab)  is  1.22  times  the  area  found  in  the  diagram,  while  the  steel  area  required  in  the  long 
bars  of  the  diagonal  band  (lapping  across  the  column  heads  at  either  end)  is  %  times  the  area 
found  in  the  diagram.  No  computation  need  be  made  for  the  column  head  section  (—Mc),  as 
the  values  determined  in  this  manner  from  the  diagram  satisfy  the  column  head  requirements. 
The  bars  selected  for  the  long  bars  in  the  direct  and  diagonal  bands  should  never  provide  less 
than  the  area  determined  from  the  diagram.  If  the  selection  of  bars  for  these  long  bars  involves 
a  waste  (if  we  have  to  use  7  bars  instead  of  63^,  for  example)  the  number  of  bars  in  the  short 
rods  of  the  same  band  may  be  reduced  in  area  by  the  amount  of  the  excess  in  the  long  bars.  It 
has  been  customary  to  use  the  same  size  of  bars  in  the  long  and  short  portions  of  any  one  band, 
but  there  is  no  objection  to  using  larger  bars  in  the  long  portion  than  in  the  short  portion  (or 
vice  versa),  and  this  diagram  facilitates  such  design.  If  any  considerable  increase  in  bar  size 
from  usual  practice  is  made,  however,  the  steel  area  should  be  increased  to  compensate  for  the 
reduction  in  d,  the  effective  depth.  The  following  problem  has  been  solved  by  complete  calcu- 
lation and  by  use  of  the  diagram. 

97.  Length  of  Bars. — For  any  given  set  of  office  standards,  the  bar  lengths  as  determined  by 
the  A.C.I,  and  Joint  Committee  provisions  become  definite  multiples  of  the  panel  dimension  I. 
For  the  office  standards  heretofore  adopted,  the  length  of  rods  becomes: 

Top  rods,  0.51  between  points  of  inflection  on  middle  strip  plus  20  bar  diameters  at  each 
end  {0.51  -\-  40D). 

Short  rods  of  direct  and  diagonal  bands,  0.65Z  between  edges  of  drop  panels  plus  20  bar 
diameters  at  each  end  (0.65Z  +  40D). 
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Diagram  1 
Four-way  Flat  Slab  Floors.    American  Concrete  Institute. 
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Side     of  Square    Panel  in  4-  Way  f/of  Slab. 

Thickness  of   Drop   is    one-half   of  slob  thickness  given  in  diagram. 
Area  of  long    bars  in  direct   bond"] 

"    short      "       ■'  diagonal    "     \  each  equol  to  <^reo  In  diogram. 

■•     top     bars  J 

Areo   of  short     bars  in  direct  band  is  1.2?  x  ansa  in  cJiagrom. 
Area    of   long     baps     in  diagonal  band  is  ^/sxansa  in  diagnam. 


Sec.  3-98]  STRUCTURAL  DATA  449 

Long  rods  of  direct  bands,  panel  length  I  plus  Q.2251  for  the  half-column  capitals  on  each 
side  plus  0.5^(1  —  0.225)  for  the  distance  to  the  point  of  inflection  in  each  adjoining  panel  plus 
20  bar  diameters  on  each  end  (1.612Z  +  40Z)). 

Long  rods  of  diagonal  bands,  1.414i  for  the  diagonal  panel  length  plus  0.225Z  for  the  half- 
column  capitals  on  each  side  plus  0.5/(1  —  0.225)  for  the  distance  to  the  point  of  inflection  in 
each  adjoining  panel  plus  20  bar  diameters  on  each  end  (2.026Z  -f-  40D). 

These  bar  lengths  are  somewhat  longer  than  have  been  used.  Some  saving  in  steel  may 
be  effected  by  using  two  lengths  for  the  short  bars,  since  only  one-third  of  the  total  steel  in  the 
direct  band  is  required  to  extend  20  bar  diameters  into  the  drop  panel.  This  would  permit 
40%  of  the  short  bars  to  be  only  long  enough  to  extend  20  bar  diameters  beyond  the  point  of 
inflection  giving  a  length  for  these  bars  of  0.5/(1  —  0.225)  -|-  20  bar  diameters  on  each  end 
(0.388/  +  40D).  This  would  reduce  the  weight  of  bars  in  the  first  problem  by  38  lb.  and  the 
average  steel  per  square  foot  of  floor  panel  by  0.11  lb.  The  contractor  would  probably  prefer  to 
pay  for  this  additional  steel  rather  than  to  handle  the  extra  length  of  rod,  as  it  would  make  three 
kinds  of  rods  to  distribute  evenly  across  the  band  width  instead  of  two. 

98.  Problem  FSl. — Design  the  typical  interior  panel  of  a  flat  slab  factory  floor,  supported  on  reinforced  con- 
crete columns  spaced  18  ft.  8  in.  in  each  direction,  to  carry  a  live  loading  of  200  lb.  per  sq.  ft.  Make  the  design 
in  accordance  with  the  latest  A.C.I,  standard  building  regulations  for  the  four-way  tj'pe,  using  concrete  of  a  designed 
ultimate  compressive  strength  of  2000  lb.  per  sq.  in.  and  using  intermediate-grade  new  billet  steel. 

Solution  tvithout  Using  DiagTam: 

We  shall  conform  with  our  usual  ofBce  standards  and  take  the  drop  as  0.35?  =  6  ft.  6  in.  square,  and  the  column 
capital  as  0.225i  =  4  ft.  2  in.  round. 

By  A.C.I.  Formula  (2),  simplified  for  these  proportions  as  formula  {2A), 

Drop  thickness,  «i  =  ^1^^298  +  1.5  in.  LL  =  200 


32 

=  10.1  +  1.5  =  11.6  in.  7^ -in.  slab  =  98  (assumed) 

w'  =  298 
Slab  thickness,  h  =  ^i  X  drop  thickness  =  7^  in.,  which  checks  assumption.     The  drop  (that  portion  project- 
ing below  the  slab  ceiling)  is  therefore  6  ft.  6  in.  X  6  ft.  6  in.  X  0  ft.  3J-8  in. 

(The  A.C.I.  Formula  (3)  would  give  h  =     .„    •\/298  +  1  in.  =  7.5  in.,  but  the  rule  that  drop  thickness  must 


50 
not  exceed  !}■£  X  slab  thickness  governs  in  this  case,  as  it  commonly  does.) 

Total  positive  and  negative  moment.  Mo  =  0.78  Wl  in. -lb.  for  the  oSice  standards  indicated  above,  or  Mo  = 
0.78  X  298  X  18.67=  =  1,510,000  in.-lb.  divided  as  follows: 

-M,  =  0.51  Mo  =  -770,000  in.-lb. 

-Mm  =  0.09M»  =    -  136,000  in.-lb. 

-f-M.   =  0.20  Mo  =   +302,000  in.-lb. 

+  Mm  =  0.20 Mo  =  -1-302,000  in.-lb. 
For  top  rods,  —Mm  =   —136,000  in.-lb.     d  =  7.75  —  1.25  =  6.5  in.      (Deduct  1  in.  for  fire-protection  cover  and 
J-4  in.  more  to  center  of  one  layer  of  H-'H-  diameter  bars — total  of  1.25  in.) 

.  8    X    136.000  ,    QO  •  T7  1/    •  A  A 

""  7  X  6  5  X  18  000  '^  ^*^'  "*■  seven  >^-in.  round  rods. 

For  diagonal  bands,  -|-  Mm  =  302,000   in.-lb.  d  =  7.75  —  1.5  =  6.25  in.      (Deduct  1  in.  for  fire-protection  cover 
and  )-2  in.  more  to  center  of  two  layers  of  J'^-in.  diameter  bars — total  of  1.5  in.) 

,  8  X  302,000  „.„ 

^'  =  7  X  6.25  X  18,000  =  '"^^  '''■  '°- 
make  up  of  the  components  of  two  diagonal  bands  cutting  the  moment  section  at  45  deg.     The  right  sectional 
area  of  each  diagonal  band  is  therefore 

An  =  0.707  X  3.06  =  2.16  sq.  in.  =  eleven  y^-in.  round  bars. 
Try   seven    J'2-in.  round  short  bars,  extending  to  drops  only  and  four  H-'n.  round  long  bars,  lapping  across 
column  heads.      For  direct  bands,  +  Mc  =  302,000  in.-lb.     d  =  7.75  -  1.25  =  6.5  in. 
,  8X302,000'  „„.        -,^        ...  ,, 

'^'  =  7  X  6.5  Xl8;000  =  2-^^  =  ^"^""^  ^^■'°-  '■""'^'^  ^''"- 
Use  eight  H-in.  round  short  bars,  extending  to  drops  only  and  seven  J^-in.  round  long  bars,  lapping  across 
column  heads.      Over  column  head,  -  Mc  =   -  770,000  in.-lb.     d  =  11.6  -  2.0  =  9.6  in. 
.  8  X  770,000  .,^  .      , 

^'  =  7  X  9.6  X  18,000  =  ^•^'^  ^"^   '"•   ''''''''"^- 
From  direct  bands  seven  J-^-in.  round  lapped  =  fourteen  J-^-in.  round    =  2.75 
Component  two  diagonal  bands  =  1.414  X  eight  3'2-'n.  round  =  2.22 

Total  affective  area  provided     =  4.97  sq.  in. 
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Use  five  K-in.  round  long  bars  in  diagonal  band  instead  of  four. 

Length  of  short  bars  =  (0.65  X  18.67)  +  (40  X   M*)   =  13.77  ft.  say  13  ft.  9  in. 

Length  of  long  bars,  direct  band  =  (1.612  X  18.67)  +  (40  X  Vn)  =  31.77  ft.,  say  31  ft.  9  in. 

Length  of  long  bars,  diagonal  band  =  (2.026  X  18.67)  +  (40  X  ^4)   =  39.50  ft.,  say  39  ft     6.in 

Length  of  top  rods  =  (0.5  X  18.67)  +  (40  X  >i4)   =  H  ft.  0  in. 

The  steel  required  for  one  typical  interior  panel  is  therefore: 


Weight,  pounds 


Two  groups  of  top  bars 

Two  direct  bands,  short  bars.  . . 
Two  direct  bands,  long  bars.  .  .  . 
Two  diagonal  bands,  short  bars. 
Two  diagonal  bands,  long  bars. . 
Two  column  head  support  bars. 
Four  top  rod  support  bars 


Total  weight  of  steel. 


seven   3'2-'n.  round,  11  ft.  0  in. 

eight   /•2-'n.  round,  13  ft.  9  in. 

seven   J'2-in.  round,  31  ft.  9  in. 

seven   .^2-in.  round,  13  ft.  9  in. 

five     ?"2-in.  round,  39  ft.  6  in. 

^8-in.  round,     8  ft.  0  in. 

J^-in.  round,    7  ft.  0  in. 


103 
147 
296 
128 
264 
16 
19 

973 


Area  panel  =  349  sq.  ft.  per  lb.  steel  per  sq.  ft.  panel  =  2.79.  (The  Chicago  flat  slab  ruling,  for  this  same 
problem,  gives  2.88  lb.  steel  per  sq.  ft.  panel  and  0.67  ft.  average  concrete  thickness.)  The  concrete  reqmred  for 
one  typical  interior  panel  is 

One  slab,  349  sq.  ft.  X  0  ft.  7%  in.  =  226 
One  drop,  6  ft.  6  in.  X  6  ft.  6  in.  X  0  ft.  S^A  in.  =     14 

Total  =  240  cu.  ft. 
Average  thickness  of  concrete  =  0.69  in. 

Diameter  of  shear  section  at  column  capital  =  4  ft.  2  in.  +  [2  X  (11.6  -  1.5)]  =  5  ft.  10  in.  =  70  in. 
Periphery  =  220  in.  •'^ea  =  26.7  sq.  ft. 

8  X  298  X  (349  -  26.7)        „  ,, 

'  =  7  X  220  X  10 =  '°  ^^-  P*-^  '"■  '"• 

Side  of  shear  section  at  edge  of  drop  =  6  ft.  6  in.  +  [2  X  (7.75  -  15)]  =  7  ft.  6".^  in.  =  90^  in. 

Periphery  =  362  in.  Area  =  56.8  sq.  ft. 

a  V  00a  V  ^540  _  Afi  81 

(The  negative  reinforcement  over 


8  X  298  X  (349  -  56.8)        . ,  ,, 

—  =  44  lb.  per  sq. 


7  X  362  X  6.25 

the  column  head  must  be  arranged  so  that  the  area  of  the  bars  passing  directly  over  the  column  capital  is  not  less 
than  25  %  of  the  total  area  in  the  double  column  strip  (when  re  may  be  50  lb.  per  sq.  in.)  and  so  that  the  area  of  the 
bars  passing  directly  over  the  drop  is  not  less  than  50  %  of  the  total  area  in  the  double  column  strip.  See  A.C.I. 
building  code.  Sect.  1-6.) 

99.  Solution  of  Problem  FSl  Using  Diagram. — From  the  upper  portion  of  the  diagram  we  read  directly,  for 
LL  =  200  and  side  of  square  panel  =  18  ft.  8  in.,  that  slab  tnickness  is  7^4  in.  The  drop  thickness  is  one-half  of  the 
slab  thickness  or  3J^  m.  The  drop  dimension  (at  the  very  top)  is  read  as  6  ft.  6  in.  square,  and  the  column  capital 
diameter  as  4  ft.  2  in. 

From  the  lower  portion  of  the  diagram  we  read,  for  LL  —  200  and  side  of  square  panel  =  18  ft.  S  in.,  that  the 
right  sectional  area  is  1.33  sq.  in.  or  that  we  require  seven  >2-in.  round  rods  in  the  top  bars,  in  the  short  group  of 
bars  of  the  diagonal  band  and  in  the  long  group  of  bars  in  the  direct  band.  For  the  long  group  of  bars  in  the  diago- 
nal band  we  require  ?^  X  1.33  =  0.89  sq.  in.  =  five  >^-in.  round  bars.  For  the  short  group  of  bars  in  the  direct 
band  we  require  1.22  X  1.33  =  1.62  sq.  in.  =  eight  ^i-in.  round  bars.  The  area  over  the  column  head  will  be 
sufficient  if  the  values  taken  from  the  diagram  are  fully  satisfied  by  the  area  of  the  rods  selected.  The  shearing 
stresses  will  also  be  within  allowable  values  if  at  least  one-fourth  of  the  negative  reinforcement  passes  directly  over 
the  column  capital  and  at  least  one-half  of  it  directly  over  the  drop  panel. 

100.  Rectangular  Panels. — The  A.C.I,  and  Joint  Committee  provisions  are  drawn  to 
apply  directly  to  the  general  case  of  the  rectangular  panel.  The  values  I  and  h  for  one  direction 
(the  long  direction,  for  example)  simply  interchange  when  working  in  the  short  direction.  In 
determining  slab  thickness,  I  must  be  taken  as  the  long  dimension  and  U  as  the  short  direction. 
These  regulations  impose  the  usual  restriction  that  the  long  side  of  the  panel  shall  not  exceed  the 
short  side  by  more  than  40%.  The  design  of  rectangular  panels  is  no  more  complicated  than 
that  of  square  panels  and  simply  involves  a  double  application  of  the  same  formulas,  once  for  the 
long  direction  and  once  for  the  short  direction.     An  example  will  show  this  best. 

101.  Problem  FS2. — Design  the  typical  interior  panel  of  a  flat  slab  factory  floor,  supported  on  reinforced 
concrete  columns  spaced  18  ft.  8  in.  on  centers  in  one  direction  and  21  ft.  4  in.  on  centers  in  the  other  direction,  to 


Mo  =  0,09  X  123,000  X  21.33^1  -  |  •  srloV  =  173.000  ft.-lb.  =  2,080,000  in.-lb. 
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carry  a  live  loading  of  200  lb.  per  sq.  ft.  Make  the  design  in  accordance  with  the  latest  A.C.I,  building  regulations, 
using  the  two-way  type  with  dropped  panels  and  column  capitals,  and  taking  fe  as  2000  lb.  per  sq.  in.  and/»  as 
18,000  per  sq.  in. 

We  %vill  make  this  a  general  solution,  without  the  simplification  that  office  standards  would  commonly  effect. 
By  Formula  (2),  with  c  =  4  ft.  6  in.  and  6i  =  7  ft.  0  in.,  we  have 

U  =  Om%\  1  -  (l-442^)  ]21.33  "^0^5  X  310?!^  +  m  in.  =  13  in. 

In  this  computation  the  dead  weight  of  the  slab  was  assumed  as  110  lb.  per  sq.  in.  equal  to  that  of  a  854-in.  slab. 
By  Formula  (3), 

<2  =  0.02  X  21.33\/310  +  1  =  8.5  in. 
But  the  slab  thickness  must  equal  ?^  X  13  =  8.67  in.  =  8^^  in.  slab.     The  weight  of  this  slab  is  109  lb.  per  sq.  in. 
which  is  sufficiently  close  to  the  assumed  weight.     The  total  dead  and  live  load,  «/,  is  309,  and  the  panel  load  is 

IF  =  309  X  18.67  X  21.33  =  123,000  lb. 
The  drop  panel  thickness  (projection  below  slab  ceiling)  is  13  —  8^   =  4J'-4  in.,  and  the  entire  drop  is  7  ft.  0  in.  X 

7  ft.  0  in.  X  0  ft.  43-4  in.,  subject  to  checking  of  compressive  and  shearing  stresses. 

Moments  and  Steel  in  21  Ft.  4  In.  Direction 

For  this  direction  I  =  21.33,  h  =  18.67  ft.,  c  =  4.5  ft. 

2  J. 5 

3  '  21.33 
This  is  divided  as  follows: 

-Mc  =  0.50M,,  =   -1,040,000  in.-lb. 
-Mm  =  O.lSMo  =   -312,000  in.-lb. 
+  M,=  O.2OM0  =   -1-416,000  in.-lb. 
+  Mm  =  O.lSJWo  =   -1-312,000  in.-lb. 
For  the  column  strip,  long  direction, 

At  center,  +Me  =  416,000     d  =  8.75  —  1.26=  7.5  in.      (Deducting  1  in.  for  fire-protection  cover  and  >4  in.  to 
center  of  single  layer  of  Jz-in-  round  rods  gives  1.25  in.) 

8  X  416,000  „  -„  .   ,  ,         ...  ,       , 

A,  =  7  V  7  5  X  18  000  ^  ^'^'  '"■  ^  Pighteen  >2-in.  round  rods. 

At  column,  -  Mc  =   -1,040,000     d  =  13  -  1.5  =  11.5  in. 

8  X  1,040,000  .  _.  .,•,/•  J       J 

=  7  X  11  5  X  18  000  "  ^'^'   '"■  ^  twenty-nine  j2-in.   round   rods. 

Since  one  third  of  the  center  bars  (or  six  i-^-in.  round)  are  required  to  run  in  the  bottom  into  the  drop  panels, 
two-thirds  (or  twelve  Ji-in.  round)  are  available  to  bend  up  and  lap  across  the  column  head  giving  twenty  four  J2- 
in.  round  and  leaving  five  H-in.  round  to  be  provided  by  short  bars  in  the  top  across  the  column  head  extending  20 
bar  diameters  beyond  the  point  of  inflection.     The  percentage  of  reinforcement  across  the  column  head  is 

84  X^ll  5  "  0.00595,  which  is  O.K. 

2pf,       2X0.00595X18,000        ._  ,,  ,onn  iu  n        j> 

fc  =  -y-  =  ^—^ — =  570  lb.  per  sq.  in.  (800  lb.  per  sq.  in.  allowed) 

k  0.08 

For  the  middle  strip,  long  direction. 

At  center,  +Mm  =  312,000  in.-lb.     d  =  8.75  —  1.5  =  7.25  in.      (Deducting  1  in.  for  fire-protection  cover  and 
}i  in.  to  center  of  two  layers  of  H-in.  round  bars  gives  1.50  in.) 

,  8  X  312,000  -  ,.,  ,       ^         ,^  .  ,       , 

^'  =  7  X  7.25  X  18,000  =  ^'^^  '''■  '"■  =  ^°"'"*''''  ^^"'"-  """""^  '°'^'- 
At  margin,  -Mm  =  -312,000  in.-lb.     d  =  8.75  -  1.25  =  7.5 

,  8  X  312,000  .  -,  r       .         1^  •  J       J 

=  7  X  7  5  X  JTOFO  "  ^^'    '"'  ^  fourteen  Jz-m.    round   rods. 

Use  fourteen  }i-\n.  round  rods  in  long  middle  strip,  bonding  up  seven  at  each  end  and  extending  seven  in  the  bottom 
20  bar  diameters  beyond  points  of  inflection. 

Length  of  bars:  Column  strip,  short,  six  >^-in.  round  —  16  ft.  0  in.  (21  ft.  4  in.  less  7  ft.  0  in.  -f  1  ft.  8  in.) 
Column  strip,  bent,  twelve  H  in.  -  35  ft.  11  in.  [21  ft.  4  in.  -t-  4  ft.  6  in.  -|-  1-^(21  ft.  4  in.  -  4  ft.  6  in.)  -|-  1  ft. 

8  in.] 

Column  strip,  extra  bars  over  column  head,  five  J-2  in.  round  —  14  ft.  7  in.  [4  ft.  6  in.  -|-  H(21  ft.  4  in.  —4  ft.  6  in.) 
+  1  ft.  8  in.] 

Middle  strip,  short,  seven  K-in.  round  -  12  ft.  4  in.  (.H  X  21  ft.  4  in.  -|-  1  ft.  8  in.) 

Middle  strip,  bent  seven  J^-in.  round  -  33  ft.  8  in.  [21  ft.  4  in.  +  }i  (21  ft.  4  in.;  -|-  1  ft.  8  in.] 

Moments  and  Steel  in  18  Ft.  8  In.  Direction 

For  this  direction  I  =  18.67,  h  =  21.33  ft.,  c  =  4.5  ft. 

Mo  =  0.09  X  123,000  X  18.67^1  -  ?  •  jl^zV  "  145,000  ft.-lb.  =  1,740,000  in.-lb. 
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This  is  divided  as  follows: 

-M„  =  O.BOMo  =  -870,000  in. -lb. 

-Mm  ==  0.15Afo  =  -261,000  in.-lb. 

+  Mc  =  0.20A/»  =  +348,000  in.-lb. 

+  Mm  =  0.15Mo  =  +261,000  in.-lb. 
For  the  column  strip,  short  direction. 

At  center,  +Mc  =  348,000  in.-lb.     d  =  8.75  -  1.25  =  7.5  in. 

8X348,000  „-^  .,^         ,^  .  ,       , 

A,  =  7  X  7  5  X  18  000  "  2.95  sq.  in.  =  fifteen  H-in.  round  rods. 

At  column,  -  Mc  =   -  870,000  in.-lb.     d  =  13  -  1.5  =  11.5  in. 

8  X  870,000  ^  _„  .         *     c       I  ^  •  J       J 

As  =  r,  w  , ,  I-  w  ,  o  Ann  =  '^■^^  ^1-  '"■  =  twenty-five->2  in.  round  rods. 
7  X  ll.o  X  lo,UUU 

One-third  of  the  center  steel,  or  five  K-in.  round,  must  run  straight  in  bottom  to  drop  panels.     Remainder,  or  ten 

J'2-in.  round,  are  available  to  bend  up  and  lap  across  column   head  providing  twenty  J-^-in.  round  at  that  point, 

leaving  five  J.^-in.  round  to  be  provided  by  short  bars  in  the  top  across  the  column  head  extending  20  bar  diameters 

beyond  the  point  of  inflection  on  either  side.     Since  the  drop  panel  is  square,  the  compressive  stress  in  the  concrete 

is  less  than  in  the  long  direction. 

For  the  middle  strip,  short  direction. 

At  center,  +Mm  =  261,000  in.-lb.     d  =  8.75  -  1.5  =  7.25  in. 

8  X  261,000  -  -.  .  .      ,        w  •  ju 

^'  =  7  X  7.25  X  18,000  =  ^'^^  ^^-   '"■  =  '^"'^^  ^'-'''-  '°^d  bars. 

At  margin,  -Mm  =  -261,000     d  =  8.75  -  1.25  =  7.5  in. 

.  8  X  261,000  „„,  .  .      1       w  ■  JK 

^'  =  7  X  7.5  X  18,000  =  ^-^^  ^^-  '"■  =  *""'^"  ^^■'"-  ^°"''d>'»"- 
Use  twelve  ^-'z-in.  round  rods  in  middle  strip,  bending  up  six  at  each  end  and  extending  six  in  the  bottom  20 
bar  diameters  beyond  points  of  inflection. 
Length  of  bars:  Column  strip,  short,  five  >^-in.  round  —  13  ft.  4  in.  (18  ft.  8  in.  less  7  ft.  0  in.  +  1  ft.  8  in.). 

Column  strip,  bent,   ten  J-^z-in.  round  -  31   ft.  11  in.  [18  ft.  8  in.  +  4  ft.  6  in.  +  M(18  ft.  8  in.  -  4  ft.  6  in.) 
+  1  ft.  8  in.]. 

Column  strip,  extra  bars  over  column  head,  five  J^-in.  round  —  13  ft.  3  in.  [4  ft.  6  in.  +  >^  (18  ft.  8  in.  —  4  ft.  6 
in.)    +  1  ft.  8  in.] 

Middle  strip,  short,  six  J^-in.  round  -  11  ft.  0  in.  (K  X  18  ft.  8  in.  +  1  ft.  8  in.; 

Middle  strip,  bent,  six  i.'2-in.  round  -  29  ft.  8  in.  (18  ft.  8  in.  +  J^  X  18  ft.  8  in.  +  1  ft.  8  in.). 

Shearing  Stresses 

At  edge  of  column  capital,  diameter  of  shear  section  =  4  ft.  6  in.  +  H2  [2(13  —  1.5)]  =  6  ft.  5  in.  =  77  in. 

(Deducting  XVi  in.  from  combined  thickness  of  slab  and  drop  panel  as  required  in  A.C.I,  and  Joint  Committee 

regulations  leaves  d  =  11. .5  in.  for  shear.) 

Periphery  =  242  in.      Area  32  sq.  ft.     Panel  area  =  18  ft.  8  in.  X  21  ft.  4  in.  =  398  sq.  ft. 

8  X  309(398  -  32)        ^^  .    ,, 
V  =  — = ^A        ..  ,      =  46.5.  lb.  per  sq.  m. 

7  X  242  X  11.5 

At  edge  of  drop  panel,  side  of  shear  section  =  7  ft.  0  in.  +  K2  [2(8.75  -  1.5)]  =  8  ft.  2>^in.  =  98  >^  in. 

Deducting  1>^  in.  from  slab  thickness  leaves  d  =  7.25  for  shear  (used  as  a  measure  of  the  diagonal  tension). 
Periphery  =  394  in.     Area  67  sq.  ft. 

8  X  309(398  -  67) 


7  X  394  X  7.25 


=  41   lb.  per  sq.  in. 


102.  Special  Cases. — When  special  cases  are  met,  the  designer  must  fall  back  on  his  general 
store  of  technical  resources  for  a  solution.  In  general,  flat  slab  construction  should  not  be  used 
for  a  single  row  of  panels,  since  the  flat  slab  type  of  flexure  is  rarely  present  in  such  a  system. 
With  two  rows  of  panels  the  flexural  action  also  tends  to  become  cylindrical  rather  than  bowl 
shaped,  but  this  may  be  overcome  by  making  the  panels  larger  parallel  to  the  rows  than  across 
the  rows.  The  A.C.I,  and  Joint  Committee  regulations  apply  to  structures  ha\-ing  three  or 
more  rows  of  panels  with  uniform  column  spacing.  When  the  column  spacing  in  either  direction 
becomes  variable  the  designer  must  work  out  a  rational  solution  on  the  basis  of  relative  rigidities. 
A  method  frequently  employed  is  to  write  moments  for  a  beam  strip  for  the  actual  spans  and 
also  for  an  equal  number  of  uniform  spans  and  to  apply  the  ratios  so  obtamed  to  the  moment 
coefficients  for  a  flat  slab  floor  designed  for  uniformly  spaced  supports. 

The  A.C.I,  and  Joint  Committee  regulations  cover  the  cases  of  wall  and  other  non-continu- 
ous panels,  of  panels  with  marginal  beams,  and  of  panels  over  bearing  walls.  The  case  of  the 
use  of  a  bracket  instead  of  a  column  capital  at  wall  column  heads  is  also  covered.     Flat  slab  floors 
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should  not  be  designed  to  rest  partly  on  concrete  columns  and  partly  on  masonry  hoariiip;  w;ills 
on  account  of  the  unequal  shrinkage  or  settlement  involved. 

103.  Design  Notes. — Many  items  cannot  be  covered  in  design  regulations,  being  based 
largely  on  common  sense  and  satisfactory  experience.  When  most  engineers  arrive  independ- 
ently at  the  same  ways  of  doing  things,  these  ways  may  be  said  to  be  warranted  by  good 
engineering  practice.  Thus,  good  practice  sanctions  small  holes  for  pipes  passing  through  the 
capital  and  drop  beside  the  column  shaft.  Much  larger  openings  are  permissible  at  the  centers 
of  span.  Columns  supporting  flat  slab  floors  are  commonly  made  not  less  than  Z/12  in  diameter. 
For  uniform  column  spacing  and  ordinary  loading  conditions,  bending  is  neglected  in  interior 

.    .  Wl  . 

columns  while  in  exterior  columns  it  is  taken  as  -^^,  one-half  just  above  and  one-half  just  below 

the  floor,  and  special  column  flexure  bars  are  provided  to  take  this  moment.  The  width  of 
bands  is  commonly  made  QAU  for  four-way  flat  slabs  and  0.5Zi  for  two-way  flat  slabs,  so  as  fully 
to  cover  the  panel  area  with  a  network  of  reinforcing. 

104.  Supporting  and  Securing  Reinforcement. — Many  devices  are  on  the  market  for  sup- 
porting the  slab  steel  at  its  designed  elevation  above  the  forms.  Some  are  good  and  others  are 
poor.  We  advise  providing  on  the  design  drawings  two  supporting  bars  crosswise  of  the  lowest 
band  of  rods  at  each  column  head  just  outside  the  drop  panel,  each  such  supporting  bar  to  be 
supported  on  three  or  more  concrete  blocks  or  good  chairs.  The  top  rods  also  require  two 
supporting  bars  for  each  group  of  rods.  The  top  rods  should  never  be  less  than  )-^-in.  round 
bars,  as  smaller  bars  are  badly  bent  and  misplaced  during  the  concrete  placing  work.  At  mid 
span,  at  least  two  sets  of  combination  supporting  and  spacing  units  per  band  should  be  used, 
made  of  high-yield-point  steel  which  will  not  flatten  down  onto  the  forms  when  the  workmen 
carry  steel  across  other  steel  in  place.  Where  the  long  bars  from  the  panel  center  are  lapped 
over  the  column  head  the  two  lapping  ends  from  either  side  should  be  run  parallel  and  about  1 
in.  apart  and  not  tied  tightly  together.     This  provides  more  effective  bond  to  the  concrete  and 

;  still  leaves  desirably  large  openings  for  spading  concrete  between  the  pairs  of  bars.  All  bars 
should  be  secured  to  the  spacing  or  supporting  devices,  and  the  mat  where  two  or  more  bands 
cross  should  be  well  tied.  The  slab  bars  are  commonly  bent  by  hickeying  (after  placing)  in  the 
field.  The  points  of  bend  for  each  band  can  readily  be  staggered,  some  bars  bending  down  just 
outside  the  drop  and  others  just  beyond  the  point  of  inflection.  This  is  especially  important 
in  thick  slabs,  as  in  bridges  and  viaducts. 

105.  Construction  Notes. — When  the  cement  finish  is  placed  before  the  slab  concrete  has 
taken  its  final  set  it  is  customary  to  include  the  finish  in  the  slab  thickness.  This  finish  should 
be  mixed  in  the  same  proportions  as  the  mortar  in  the  concrete,  to  prevent  separation  due  to 
unequal  shrinkage.  Whenever  possible,  the  column  reinforcement  should  be  placed  and  the 
columns  concreted  to  the  underside  of  the  drop  before  the  slab  steel  is  laid.  In  any  case,  several 
hours  should  elapse  between  placing  the  concrete  in  column  and  in  the  slab,  to  permit  the  column 
concrete  to  settle.  Construction  joints  are  made  at  the  centers  of  span  and  never  near  columns. 
Bulkheads  should  be  set  in  a  vertical  position,  and  the  thin  layer  of  concrete  which  may  run 
under  and  beyond  the  bulkhead  should  be  removed.  In  thick  slabs  or  where  temperature 
stresses  are  considerable  across  a  construction  joint,  special  dowels  should  be  placed  across  the 
joint,  extending  30  bar  diameters  on  either  side.  The  surface  of  the  older  concrete  should  be 
roughened  before  the  next  section  of  floor  is  placed  against  it.  A  coating  of  cement  paste  will 
greatly  improve  the  bonding,  if  this  paste  is  protected  from  too  rapid  drying  out. 


FLOOR  SURFACES 

By  Allan  F.  Owen 
106.  Wood  Floor  Surfaces. 

106a.  Softwood  Flooring. — Soft  pine  is  not  used  for  flooring  except  some  northern 
pine  for  very  cheap  work.  It  is  called  1  X  6-in.  matched  and  dressed,  but  comes  ^Ke  X  53-:! 
in.i     It  is  apt  to  have  sap  in  it  and  be  subject  to  warping  and  twisting. 

'  Recent  specifications  require  a  thickness  ^2  in.  less  than  that  previously  required,  i.e.,  ^^^2  in.  instead  of 
^H6  in. 
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Hard  pine,  or  yellow  pine,  comes  flat  sawed  and  quarter  sawed  (see  Figs.  131  and  132). 
The  flat-sawed  flooring  should  never  be  used,  as  it  splinters  badly  with  use.  The  quarter-sawed 
or  edge-grain  flooring  is  good  flooring  and  can  be  used  for  residences,  factories,  and  warehouses, 
although  it  will  not  wear  so  well  as  hardwood.  The  best  yellow  pine  flooring  is  cut  from  logs 
having  the  largest  number  of  circular  rings  per  inch  of  diameter  and  with  the  largest  proportion 
of  hard  summer  wood  in  the  rings  and  the  smallest  proportion  of  soft  spring  growth.  Long- 
leaf  yellow  pine  generally  has  more  than  8  rings  per  inch,  and  short-leaf  and  loblolly  pine  gen- 
erally have  less  than  8 — sometimes  only  2  or  3  rings  per  inch.  Yellow  pine  flooring  comes  in 
tlie  following  sizes; 

Aotual  Thickness 


Nominal 

1  X  3 

1  X  4 

1  X  6 
IH  X  3 
m  X  4 
1>2  X  6 

2  X  6 
2H  X  6 

3  X  6 


Ftohscmed  ftoortng- 
fdge-grain  flooring- 


Section  of  Log  Race  of  Lumber 

Fig.   131. — Flat  sawed  and  edge  grain  flooring. 


Face 

33-i 

2M 
3M 

5H 


Fig.  132. — Four   methods   of 
cutting  a  quarter  sawed  log. 


Splined  flooring. 


Yellow  pine  also  comes  4  X  8,  5  X  8,  and  6X8,  grooved  for  splines  (see  Fig.  133).  This 
flooring  is  seldom  used  for  a  wearing  surface,  being  used  as  a  structural  floor  spanning  from  girder 
to  girder,  spacings  6  to  16  ft.     When  so  used  a  wearing  surface  of  maple  is  usualh'  added. 

1066.  Hardwood  Flooring. — Hard  maple  flooring  is  most  suitable  for  kitchens, 

stores,  offices,  factories,  warehouses,  and  assembly  halls.  It  is  smooth  and  hard,  wears  well, 
and  can  be  waxed  and  polished  for  dancing,  or  oiled  to  keep  down  dust,  or  left  bare  and  scrubbed 
to  make  it  white  and  clean.     Standard  grades  in  maple  flooring  are: 

"Clenr" — for  the  finest  work. 

"No.  1" — good  for  all  commercial  work. 

"Factory" — for  cheap  work. 

Maple  flooring  can  be  had  selected  for  color  by  specifying  "White  Clear."  The  standard  sizes 
are  i^f  e  in.  thick  with  1)4,  2,  2}i,  and  3H-in.  face;  1^6  in.  thick  with  2,  2^^,  and  3}i-in.  face; 
%  in.  thick  with  1}4,  2,  and  23'^-in.  face. 

Beech  and  birch  flooring  are  manufactured  in  the  same  sizes  as  maple.  They  do  not  wear 
so  well  as  maple,  but  are  better  than  pine. 

Oak  flooring  is  usually  considered  the  most  desirable  for  fine  residence  work.  The  standard 
grades  are: 

Quartei  sawed " Clear" — (finest  grade) 

Quarter  sawed "Sap  clear" 

Quarter  sawed "Select" 

Plain  sawed "Clear" 

Plain  sawed "Select" 

Plain  sawed "  No.  1  common" 

Plain  sawed "  No.  2  common" — (poorest  grade) 

Standard  sizes  are  ^^e  in.  thick  with  IJ^,  2,  and  2 3^ -in.  face;  %  in.  thick  with  13^2  ^.nd  2-in. 
face.  Quarter-sawed  oak  is  sawed  so  that  the  face  is  on  a  radial  line  of  the  log  and,  as  this  is 
parallel  to  the  "silver  ray"  in  the  wood,  a  very  beautiful  and  varied  marking  is  the  result  (see 
Fig.  132).     The  principal  advantage  of  quarter  sawing  is  in  securing  this  mottled  grain  effect. 


Sec.  3-106r]  STRUCTURAL  DATA  455 

Oak  floors  can  be  filled  with  a  white  or  colored  paste  filler  to  produce  natural  wood  or  color 
effects,  and  varnished  or  waxed.     Varnish  lasts  rather  longer  on  oak  than  on  any  other  floor. 

Other  hard  woods  are  used  only  for  special  ornamental  patterns  in  room  borders,  show 
window  floors,  etc. 

106c.  Parquetry. — The  best  parquetry  is  made  up  of  i^^fe  in.  thick  hardwood, 
cut  in  short  lengths  to  suit  the  pattern,  dressed,  matched,  and  end  matched.  This  class  of  work 
must  be  laid  on  a  very  good  underfloor  and  must  be  scraped  and  sandpapered  after  being  laid 
to  get  a  good  surface. 

106d.  Refinishing  Wood  Floors. — In  refinishing  old  floors,  thin  hardwood  strips 
are  used.  Flooring  %  in.  thick  comes  with  tongue  and  groove,  and  may  be  blind  nailed.  Strips 
^^Q  in.  thick  may  be  had  in  beech,  birch,  maple,  or  oak  and  are  face  nailed  to  the  under  floor. 
In  connection  with  this  thin  flooring  "wood  carpet"  can  be  had.  This  consists  of  ornamental 
borders,  using  small  pieces  of  wood  glued  on  a  cloth  back,  each  piece  to  be  nailed  to  the  under- 
floor where  the  "carpet"  is  laid.  These  patterns  can  be  had  in  a  single  wood  or  in  a  combination 
of  two  or  more  woods,  and  may  include  walnut,  cherry,  white  holly,  and  mahogany. 

106e.  Wood  Blocks. — Wood  block  floors  are  used  in  factories  where  the  floor  is 
subject  to  very  rough  usage.  Standard  paving  blocks  4  in.  thick  can  be  used,  and  these  are 
usually  set  in  asphalt. 

A  thinner  wood-block  flooring  has  lately  come  into  use  which  consists  of  blocks  dovetailed  and  glued  to  a  yellow 
pine  flooring  strip.  The  most  used  size  is  2}^  in.  thick  with  33^^-in.  face,  in  lengths  up  to  8  ft.  The  sides  of  the 
strips  are  grooved  for  splines  and  the  strips  are  blind  nailed  to  joists,  nailing  strips,  or  underflooring.  This  flooring 
is  used  where  creosoting  or  asphalt  is  not  wanted  and  it  stays  in  place  through  wet  and  dry  weather  better  than 
paving  blocks.  It  is  a  strictly  utilitarian  floor  as  the  end  grain  wood  tends  to  hold  enough  dirt  never  to  look  very 
clean. 

106/.  Supports  for  Wood  Floors. — Softwood  and  hardwood  floors  may  be  nailed 
direct  to  joists  in  ordinary  construction  buildings  or  to  sleepers  bedded  in  concrete  in  fireproof 
buildings.  Better  floors  are  built  with  an  underfloor  nailed  to  joists  or  sleepers  and  with  the 
finished  floor  laid  diagonally  or  at  right  angles  to  the  underfloor.  Parquetry  and  wood  blocks 
must  have  an  underfloor.  On  a  concrete  floor  construction  the  finished  wood  floor  may  be  laid 
in  asphalt  direct  on  the  concrete  without  any  nailing  strips. 

106^.  Floors  for  Trucking  Aisles. — Special  precautions  are  necessary  in  building 
floors  where  heavy  trucking  is  to  be  done.  Wood  block  flooring  can  be  used  if  otherwise  satis- 
factory. Maple  flooring  has  been  used  more  than  any  other  and  is  probably  the  most  satisfac- 
tory in  the  long  run  if  properly  built.  It  should  be  laid  on  a  very  substantial  wood  underfloor 
so  that  every  part  of  the  maple  floor  is  supported,  and  there  is  no  chance  of  the  truck  wheels 
breaking  the  floor  where  they  run  over  a  strip  near  its  end.  IJ^-in.  flooring  is  much  stronger 
than  the  i^f  e-in.,  and  is  well  worth  the  diff'erence  in  cost. 

In  some  warehouses  it  has  been  found  necessary  to  lay  steel  plates  on  top  of  the  wood  floor  in  the  trucking  aisles 
and  fasten  them  down  with  long  countersunk  wood  screws.  This  makes  a  floor  tnat  will  wear  a  very  long  time 
but  it  is  always  noisy.  The  screws  pull  out  and  must  be  replaced  from  time  to  time  and  the  plates  buckle  up 
in  the  center.  They  wear  slippery  and  the  truckers  sprinkle  the  plates  to  get  a  film  of  rust  which  is  easier  to 
work  over. 

106/i.  Loading  Platforms. — Floors  exposed  to  the  weather  must  have  provision 
for  drainage  and  expansion  and  contraction.  3  X  6-in.  oak  plank,  laid  with  3'i-in.  open  joints, 
meet  these  requirements.     Cypress  and  yellow  pine  are  also  used. 

107.  Brick  Floors. — Brick  is  used  for  floors  of  packing  houses,  storage  battery  rooms, 
factories,  and  warehouses  where  the  floor  must  resist  acid,  hot  and  cold  water,  grease,  etc. 
They  are  laid  edge  up  for  strength  where  heavy  trucking  occurs,  and  the  joints  must  be  filled 
with  acidproof  or  waterproof  cement.  For  this  purpose  the  bricks  must  be  smooth  and  very 
dense,  preferably  vitrified  shale  brick.  Special  brick  are  made  from  1  to  4  in.  thick  and  in 
sizes  from  3  X  3  in.  to  12  X  12  in.,  square  and  rectangular.  The  foundations  for  brick  floors 
are  the  same  as  for  tile  floors  (see  Art.  108i). 

108.  Tile  Floors. 

108a.  Cork  Tile. — Cork  tile  are  made  from  cork  shavings  compressed  under  very 
heavy  pressure  and  baked.     The  blocks  thus  made  are  cut  in  two  to  make  tiles  li  in.  thick. 
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The  tile  are  cemented  to  concrete  floors,  or  glued  and  nailed  to  wood  floors.  On  account  of  its 
durability  and  non-slip  quality,  cork  tile  is  especially  recommended  for  the  working  space  in 
banks,  for  elevator  cars,  the  space  in  front  of  elevators  on  each  floor,  for  kitchens  and  bath 
rooms,  and  for  stair  treads  and  landings. 

Cork  brick  2  or  2J^  in.  thick  are  used  for  stable  floors  where  the  best  is  wanted  regardless 
of  cost. 

1086.  Rubber  Tiling.- — Interlocking  rubber  tiling  is  used  for  stair  halls,  elevator 
floors,  and  spaces  in  front  of  elevators  on  account  of  its  non-slip  property.  It  is  usually  34  in. 
thick  and  is  to  be  cemented  to  a  wood  or  concrete  base. 

108c.  Quarry  Tile. — Thin  square  brick  are  known  as  quarry  tile.  The  most  used 
sizes  are  6X6  in.,  8X8  in.,  and  12  X  12  in.;  all  sizes  about  1  in.  thick.  They  are  used  for 
fireplace  hearths,  conservatory  floors,  engine  room  floors,  hotel  grill  rooms  and  for  many  orna- 
mental purposes.     The  best  red  quarry  tile  were  formerly  imported  from  Wales. 

108d.  Ornamental  Tiles. — Vestibule  and  corridors  of  pubUc  buildings  are 
sometimes  paved  with  ornamental  tiles  which  have  an  embossed  pattern  (see  Sect.  7,  Art.  174). 
The  embossment  is  of  value  in  making  a  non-shp  floor. 

108e.  Ceramic  Mosaic. — Probably  the  most  widely  used  fireproof  flooring  is 
ceramic  mosaic  (see  Sect.  7,  Art.  174).  The  standard  tile  is  %  in.  square  and  %  in.  thick. 
It  comes  in  white  and  black,  and  many  colors.  The  mosaic  is  usually  furnished  glued  to  sheets 
of  paper  which  are  soaked  with  water  and  removed  after  the  tile  are  in  place.  The  combinations 
of  design  and  color,  ornamental  borders,  and  plain  fields  are  unlimited.  This  tile  also  comes  in 
large  pieces,  2-in.  squares  and  hexagons  being  largely  used. 

108/.  Marble  Mosaic. — Marble  mosaic  is  superior  in  texture  and  color  to  ceramic 
mosaic,  but  is  comparatively  little  used  at  the  present  time. 

108g.  Marble  Tile. — The  corridor  floors  of  our  best  pubUc  buildings  and  office 
buildings  are  paved  with  marble  tile.  This  tile  is  also  used  for  floors  in  monumental  buildings, 
museums,  art  galleries,  public  rooms  in  fine  hotels,  club  houses,  etc.,  and  for  toilet  room  floors. 
The  standard  thickness  is  J^  in.  and,  as  the  tile  are  cut  for  each  particular  job,  there  is  no 
standard  size.  Light  colors  are  preferred  for  floor  tile  though  verde  antique  is  sometimes  used 
for  borders,  in  spite  of  the  fact  that  the  washing  compounds  used  in  cleaning  the  floors  eat 
away  the  softer  parts.     The  best  wearing  floor  marble  in  this  country  is  Tennessee  grey  or  pink. 

108h.  Terrazo  Tile. — Marble  chips  mixed  with  colored  cement  and  sand  are 
manufactured  into  tile,  then  ground  and  polished.  This  tile  makes  good  sutstitute  for  marble 
tile  or  mosaic.  It  is  made  in  plain  colors  and  also  "tutti  colouri,"  the  latter  being  a  mixture  of 
different  colored  marbles. 

lOSi.  Foundation  for  Tile  Floors. — Anj'  brick,  mosaic,  or  tile  floor  may  be  laid 
over  concrete,  hollow  tile,  or  wood  floor  construction,  but  ample  strength  and  stiffness  must  be 
provided  to  support  the  finished  floor  properly  and  keep  it  from  cracking.  When  used  over 
wood  construction,  2}^  in.  of  concrete  foundation  should  be  provided,  the  top  being  leveled 
and  left  rough  at  the  exact  depth  below  the  finished  floor  fine  necessary  for  the  kind  of  finish  to 
be  employed.  For  tile  or  mosaic  ^2  in.  thick  this  depth  should  be  1  in.  to  allow  for  the  M-i"- 
setting  bed  of  mortar.  For  the  heavier  tile  and  brick,  an  allowance  of  1  in.  should  be  made  for 
the  setting  bed.  For  cork  tile,  the  foundation  may  be  wood  or  concrete  and  must  be  placed  the 
exact  thickness  of  the  cork  below  the  level  of  the  finished  floor. 

109.  Cement  Floors. — For  many  purposes  a  cement  floor  is  the  most  economical  and  satis- 
factory finish,  especially  for  a  reinforced  concrete  building.  A  great  deal  of  trouble  in  the  past 
has  been  caused  by  the  cement  finish  "dusting."  In  other  words,  the  top  surface  wears  off 
rapidly  in  use  and  produces  a  large  amount  of  dust  in  so  doing.  To  remedy  this  defect  many 
concrete  "hardeners"  have  been  put  on  the  market  and  some  of  them  have  been  of  value. 
But  their  greatest  value  has  been  in  the  extra  care  taken  to  procure  the  necessary  grade  of 
workmanship  to  produce  a  good  cement  finish.  Where  cement  sidewalks  are  laid  on  cinder 
foundation,  the  excess  water  in  the  concrete  dries  out  from  below  as  well  as  above  and  the  ri(  h 
top  dressing  of  cement  and  sand  can  be  mixed  with  just  the  right  amount  of  water  to  be  troweled 
to  a  hard  smooth  surface.     But  in  reinforced  concrete  work  where  the  concrete  is  poured  in  a 
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semi-fluid  state  into  tight  wood  forms,  the  excess  of  water  comes  to  the  top  and  brings  with  it 
laitance  (excess  hydrated  Hme)  which  produces  the  objectionable  dusty  floor. 

The  following  method  of  producing  a  hard,  dense,  dustless  cement  floor  is  now  being  used 
with  perfect  success; 

The  forms  are  poured  full  of  concrete  and  screed ed  with  a  straight  edge  to  bring  the  surface  of  the  slab  up 
to  the  grade  of  the  finished  floor.  Cement  finishers  then  float  this  down  thoroughly  while  it  is  still  liquid  or  in  a 
plastic  state,  bringing  in  this  manner  the  surplus  water  present  in  all  concrete  to  the  surface,  which  carries  with  it 
the  hydrated  lime  or  laitance  in  the  cement.  This  is  then  darbied  or  floated  off  to  one  side.  A  dry  mixture  of 
Portland  cement  and  clean  sharp  sand  (1  to  1>^)  is  then  added  to  the  slab  and  worked  into  the  top  of 
it,  filling  up  all  depressions  and  replacing  settlement  caused  by  the  removal  of  the  excess  water,  and  enriching  the 
topping,  thereb.v  making  a  more  dense  wearing  surface.  After  this  mixture  is  thoroughly  floated  and  incorporated 
into  the  slab  it  is  given  a  hard  fanning  or  burnishing,  using  a  steel  trowel,  polishing  and  eliminating  all  trowel  marks, 
producing  a  hard,  unabrasive  wearing  surface.  If  the  work  is  properly  done,  it  will  be  hard,  back-breaking  work 
to  trowel  and  polish  so  dry  a  surface,  but  on  this  depends  the  success  of  the  cement  finish.  The  floor  must  be 
covered  within  24  hr.  witn  a  heavy  layer  of  sawdust  thoroughly  wet  down  and  left  in  place  until  the  building 
is  completed.  This  sawdust  protects  the  floor  from  premature  use  and  abuse  and,  what  is  of  more  importance, 
retards  the  setting  of  the  cement  and  improves  the  quality  of  the  concrete. 

The  top  ^:4  in.  of  a  concrete  slab  may  be  made  of  1  to  IJ^^  Portland  cement  and  ^i-in. 
granite  screenings.  This  (called  granitoid)  makes  an  excellent  floor  for  hard  usage,  but  the 
same  precaution  must  be  taken  to  avoid  dusting  as  described  above. 

110.  Terrazo  Finish. — Where  terrazo  finish  is  to  be  used,  the  foundation  is  left  2  J^  in.  below 
the  finished  floor.  2  in.  of  concrete  is  poured  on  the  foundation  and  then  about  1  in.  of  terrazo 
finish  (Portland  cement,  sand,  and  marble  chips,  mixed  almost  dry)  is  spread,  rolled,  and 
worked  into  the  top  until  the  proper  finished  grade  is  obtained.  The  surface  is  polished  after 
the  cement  has  hardened.  Color  effects  are  produced  by  the  use  of  the  desired  color  of  marble 
and  by  use  of  colored  cement. 

Ornamental  effects  can  be  had  by  the  use  of  colored  cement.  Care  must  be  taken  to  get  colors  that  are  not 
chemically  affected  by  the  cement.  The  colors  should  be  obtained  from  a  reliable  manufacturer  of  cement  colors 
and  used  strictly  in  accordance  with  his  instructions. 

111.  Composition  Floors.^ — Composition  floors,  or  sanitary  floors,  are  much  used  for  toilet 
rooms,  kitchens,  restaurants,  etc.  There  are  many  varieties  on  the  market,  known  by  various 
trade  names,  and  they  can  be  had  in  almost  any  color,  the  red  and  brown  probably  being  the 
most  satisfactory.      Magnesia  is  the  basic  material  in  each  floor  mixture. 

When  used  over  a  wood  floor,  wire  mesh  is  laid  and  tacked  down,  and  about  %  in.  of  Port- 
land cement  and  sand  laid  first  and  ]-'i-m.  composition  floor  on  top  of  that.  When  used  over  a 
concrete  foundation,  }/i  in.  of  cement  and  sand  and  a  ^^-in.  composition  floor  are  sufficient. 

When  composition  floors  are  finished,  they  are  given  a  finish  of  paraffin  or  wax.  This  can  be  washed  or  mopped 
over  for  two  or  three  months  before  the  floor  begins  to  show  signs  of  wear.  At  that  time  the  floor  should  be  thor- 
oughly washed  with  warm  water  and  soap  or  ""gold  dust"  and  allowed  to  dry  and  then  given  a  coating  of  oil.  Two 
parts  of  boiled  linseed  oil  thinned  with  one  part  of  kerosene  should  be  used.  The  oil  should  be  applied  with  a 
brush  or  cloth  and  allowed  to  dry  for  about  X^  hour  and  then  any  surplus  oil  wiped  off.  The  linseed  oil  tends  to 
toughen  the  surface  of  the  composition  floor  and  prevents  its  becoming  rough  from  wear.  The  kerosene  makes 
the  oil  thin  enough  to  soak  into  the  pores  of  the  flooring. 

112.  Asphalt  Floors. — Asphalt  is  used  for  waterproof  floors  in  packing  houses,  canning 
factories,  and  wherever  it  is  frequently  necessary  to  flush  the  floor  with  water  to  clean  it.  When 
used  over  a  wood  foundation,  heavy  paper  is  laid  and  on  top  of  this  is  placed  2  in.  or  more  of  a 
mixture  of  hot  asphalt  and  sand  which  is  rolled  to  a  hard,  even  finish.  Not  less  than  2  in.  of 
the  mixture  should  be  used  over  a  concrete  foundation. 

113.  Linoleum. — Linoleum  and  similar  materials  are  often  used  for  floor  surfaces  in  offices, 
hallways,  schoolrooms,  hospitals,  public  buildings,  etc.,  where  it  is  desirable  to  have  a  quiet 
floor  covering.  Linoleum  also  serves  as  a  protection  to  the  underlying  floor  surface.  Floor 
surfacing  materials  of  this  type  are  on  the  market  under  various  trade  names,  and  these  materials 
vary  somewhat  in  thickness  and  qiiality. 

114.  Glass  Inserts  in  Sidewalks. — Glass  is  used  in  sidewalks  to  light  the  basement  space 
underneath.  The  pieces  of  glass  are  small,  generally  33'^  in.,  round  or  square,  flat  top  and  bot- 
tom, or  with  prisms  on  the  bottom  to  deflect  the  light  toward  the  back  of  the  basement.     The 
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lights  are  set  in  cement  on  steel,  iron,  or  reinforced  concrete  frames.  When  metal  frames  are 
used,  the  Ughts  are  generally  assembled  at  the  building.  Reinforced  concrete  sidewalk  hght 
slabs  are  made  at  the  factory  and  shipped  to  the  building  ready  to  be  set  in  place.  Care  must 
be  taken  to  have  all  joints  caulked  with  oakum  and  waterproofed  with  asphalt  cement. 

FLOOR  OPENINGS  AND  ATTACHMENTS 

By  Allan  F.  Owen 

115.  Floor  Openings. — Special  framing  must  be  used  around  openings  through  floors  for 
elevator  shafts,  stairways,  dumb  waiters,  wire  shafts,  and  plumbing  spaces.  Figs.  134  to  139 
inclusive,  show  typical  framing. 
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Pia.   134. — Elevator  openings  in 
steel  frame  construction. 


Fig.   135. — Stair  opening  in 
ordinary  construction. 


Fig.  136. — Stair  opening  in  concrete 
beam  and  girder  construction. 
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Fia.  137. — Shaft  openings  in  tile 
and  concrete  construction. 


Fig.   138. — Opening  in  flat  slab 
concrete  construction. 


FiQ.  139. — Opening  for  spiral  con- 
veyor in  mill  construction. 


In  concrete  floors,  wrought-iron  and  galvanized-iron  sleeves  are  built  into  the  construction 
work  for  all  steam,  return,  sprinkler,  sewer,  gas,  and  similar  pipes.  All  floor  sleeves  should  be 
flush  with  the  ceiling  line  and  should  extend  about  2  in.  above  the  floor  Une.  Pipe-risers  should 
not  be  allowed  to  come  up  through  columns  as  repairs  and  alterations  are  difficult,  if  not  impos- 
sible, under  such  an  arrangement;  small  size  electric  conduits,  however,  form  an  exception  to 
this  rule.  Special  shafts  with  fireproof  walls  are  sometimes  used  for  plumbing  and  vent  pipes, 
and  this  practice  has  much  to  commend  it  since  a  floor  to  be  a  perfect  fire  cutoff  should  be  solid 
from  wall  to  wall,  with  stairways,  elevators,  and  all  openings  enclosed  in  vertical  fireproof  walls. 

Special  pits  are  required  for  platform  scales  and  it  is  best  to  get  the  details  of  the  scales  to 
be  used  and  include  the  framing  for  the  scales  in  the  general  plans  of  the  building. 

116.  Floor  Attachments. — Machinery,  shafting,  sprinkler  pipes,  steam  pipes,  etc.,  are 
often  hung  from  the  ceihng.  In  wood  construction,  blocks  are  usually'  attached  to  the  ceiling 
joists  by  lag  screws  and  machinery  hangers  bolted  to  these  blocks.  In  steel  construction, 
clamps  are  used  around  the  lower  flanges  of  the  floor  beams.  In  concrete  construction,  some 
form  of  insert  is  used  to  support  these  utilities.  Where  permanent  pipes,  machinery,  etc.,  are 
to  be  placed,  it  is  possible  to  lay  out  the  inserts  to  care  for  these.  But  in  a  building  in  which 
there  is  much  machinery,  provision  should  be  made  for  changing  conditions,  the  shifting  of 
departments,  and  the  installation  of  improved  machines.     For  this  purpose,  it  is  well  to  spot 
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nserts  at  regular  intervals  over  the  entire  ceiling.  In  a  recent  machine  manufacturing  plant, 
nserts  were  provided  4  ft.  on  centers  each  way  over  the  entire  ceiling,  and  this  has  proved  a 
atisfactory  arrangement.     In  Fig.  140  ar6  illustracted  the  common  types  of  inserts. 
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Jolt  insert.    Bolt  is  removed  before  forms  are 
taken  clown,  leaving  the  nut  in  the  concrete. 


Wrialco  insert. 


Kohler  pressed  steel  insert. 


Barton  steel  spiral  socket  for 
lag  screws. 


Dayton  insert. 


Security  insert. 


Havemeyer  socket  insert. 
Fig.   140. 


Truscon  slotted  insert. 


GROUND  FLOORS 
By  Allan  F.  Owen 

117.  Drainage. — Ground  floors  at  sidewalk  shipping  platform  level,   or  in  basements, 
lUst  be  protected  against  dampness.     The  most  important  item  in  the  prevention  of  dampness 

drainage.  Where  the  floor  is  above  the  sewer,  a  system  of  tile  drains  is  installed  under  the 
aor  and  connected  to  the  sewer.  Lines  of  drain  tile  should  be  laid  near  the  outside  walls  and 
3out  20  ft.  apart  under  large  floors.  Where  the  sewer  is  above  or  very  close  to  the  floor,  it  is 
3cessary  to  connect  the  drain  tile  to  an  ejecter  pit  and  provide  an  automatic  sewage  ejector 
)nnected  to  the  sewerage  system.  Where  the  floor  is  below  water  level,  in  water  bearing  soil, 
D  drainage  can  be  used. 

118.  Underfioor. — Under  the  finished   floor  a  porous  layer  of   cinders,    stone,  or  gravel 
lould  be  laid  to  allow  water  to  run  to  the  drains  and  to  insulate  the  floor  from  the  damp  earth 

f'^neath.  Where  the  floor  is  below  water  level,  the  underfioor  must  be  waterproofed  and  rein- 
ced  against  water  pressure.  A  damp  proofing  course  should  then  be  laid  on  the  top  of  the 
derfloor  and  under  the  finished  floor.  The  water  pressure  to  be  reinforced  against  is  equal 
arel  623»^  lb.  per  sq.  ft.  of  floor  times  the  depth  from  the  top  of  the  highest  known  water  level  to 
.e  waterproofing  course.  The  weight  of  reinforced  concrete  above  the  waterproofing  course 
ay  be  deducted  from  the  total  pressure  to  be  reinforced  against.  The  waterproofing  course 
pot  ust  extend  up  the  outside  walls  above  water  level. 
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119.  "Waterproofing. — Ground  floors  should  be  waterproofed  as  explained  in  Sect.  5,  Art.  2i 

120.  Floor  Finish. — Finished  concrete  floors  are  most  widely  used  for  ground  floors,  bu 
any  of  the  wood,  tile,  marble,  composition,  or  asphalt  floors  described  in  the  chapter  on  "Floe 
Surfaces"  may  be  used. 


ROOF  TRUSSES— GENERAL  DESIGN 

By  W.  S.  Kinne 

121.  Roof  Trusses  in  General. — A  roof  truss  is  a  frame  work  designed  to  support  the  ro< 
covering  or  ceiling  over  large  rooms,  thereby  avoiding  the  use  of  interior  columns.  Fig.  14 
shows  the  relative  position  of  the  roof  trusses,  the  walls  of  the  building,  and  the  roof  coverini 

When  the  nature  of  the  supporting  forc< 
is  such  that  the  reactions  are  vertical  under  vert 
cal  loading,  or  the  reactions  due  to  inchned  loadir 
can  be  determined  by  the  methods  of  simp 
statics,  the  frame  work  is  known  as  a  "simp 
truss."  Where  the  reactions  are  inclined,  evf 
under  vertical  loading,  and  where  they  can  m 
be  determined  by  simple  statics,  the  frame  woi 
is  known  as  an  "arch."  The  discussion  of  th 
chapter  will  be  confined  to  simple  trusses;  arch 
will  be  considered  in  the  chapter  on  "Arch( 
Roofs." 

Simple  roof  trusses  can  be  further  di\'id« 
into  two  classes  based  on  the  methods  of  suppor 
ing  the  trusses.  In  one  class  can  be  placed  the  trusses  which  are  supported  on  rigid  walls 
masonry,  or  other  material  forming  a  wall  which  is  able  to  resist  lateral  forces  ■«"ithout  addition 
bracing.  In  a  second  class  can  be  placed  the  trusses  which  are  supported  on  steel  columi 
carrying  a  light  curtain  wall  in  addition  to  the  trusses.  The  construction  of  these  colum: 
is  such  that,  unaided,  they  do  not  offer  any  considerable  resistance  to  lateral  forces.  To  secu 
a  rigid  structure,  it  is  necessary  to  join  the  trusses  and  the  columns  by  a  member  known  as 
"knee-brace, "  thus  forming  a  rigid  framework  which  is  known  as  a  "knee-braced  bent."  Fu 
ther  discussion  of  this  type  of  structure  is  given  in  the  chapter  entitled:  "Detailed  Design 
Truss  With  Knee-braces." 
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Fig.   142. 


Fig.  143. 


In  general,  a  roof  truss  should  consist  of  a  simple  framework  composed  preferably  of  a  sj-stem  of  trian^gh 
The  members  of  the  frame  work  are  usually  so  arranged  that  they  are  in  direct  tension  or  compression.  Truss 
composed  of  a  single  web-system,  as  shown  in  Fig.  142(o),  are  preferable  to  those  with  a  double  web-system, 
shown  in  Fig.  142(6).  The  stresses  in  the  truss  of  Fig.  142(a)  are  readily  determined  by  the  principles  of  simp 
statics,  as  given  in  Sect.  1.  In  the  truss  of  Fig.  142(6),  the  stresses  are  statically  indeterminate.  An  exact  det€ 
mination  of  the  stresses  can  be  made,  but  the  work  of  stress  calculation  is  long  and  tedious.  Approximate  metho' 
of  stress  calculation  are  generally  used,  but  as  the  distribution  of  the  load  to  the  various  members  is  uncertain,  sui 
methods  are  unsatisfactory. 
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Fig.  143  shows  the  component  parts  of  a  truss.     The  names  of  the  severai  parts  are  indicated  in  position.     As 

iwn  on  Fig.  143,  the  upper  members  are  known  as  the  top  chords,  or  rafters,  and  the  lower  members  are  known 

the  bottom  chords,  or  tie  beams.     The  interior  compression  members  are  known  as  struts,  and  the  interior 

jnsion  members  are  known  as  ties.     Points  of  intersection  of  chord  members  are  known  as  joints,  and  the  distance 

etween  adjacent  joints  is  known  as  a  panel,  or  panel  length.     A  sag  tie  is  a  member  provided  to  form  a  support 

)r  a  long  horizontal  member  which  would  deflect  excessively  under  its  own  weight  if  not  so  supported. 
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122.  Form  of  Trusses. — A  great  variety  of  trusses  are  used  in  building  construction,  the 
arm  depending  upon  the  character  of  the  roof  covering  and  the  architectural  features  of  the 
tructure.     Fig.    144  shows  some 

Fink 


f  the  forms  of  simple  trusses  in 
™  ommon  use  for  trusses  supported 
rigid    walls.     Types   of    knee- 


.Wvv.,  .^<^<^vv. 


II 

ill  raced  bents  and  arches  are  shown 
rcli  later  chapters. 

In  Fig.   144  the  forms  shown 

liiiji  Figs,  (a)  to  (m)  are  well  adapted 

construction    in    steel,    while 

p  lose  of  Figs,  (n)  to  (q)  are  suited 

■\'\yT   construction    in    wood.      The 

usses  of  Figs,  (a)  to  (rn)  are  so 

ffojrranged    that    the    compression 

lembers,    shown    by    the    heavy 

nes,  are  the  shortest  members  in 

ch(  le  truss,  while  the  tension  mem- 

ers,    shown    by    the   light   lines, 

re    the  longest   members.      This 

jsults  in  a  considerable  saving  of 

laterial,  for  a  compression  mem- 

on  er  requires    a    greater    sectional 

rea  for  a  given  stress  than  a  tcn- 

iiDi  on  member.      Also,   the  greater 

u  le  length  of  a  compression  mem- 

er,  the  greater  the  required  area. 

In  the  trusses  of  Figs,  (n)  to 

l),   the   top    and    bottom    chord 

embers  and  the  interior  diagonals 

re  usually  made  of  wood,  while 

le  vertical  tension  members  are 

ade  of  steel  rods.     Since    com- 

ression    joints    between   wooden 

embers  are  easier  to  frame  than 

nsion  joints,  or  splices,  it  follows 
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lat  these  types  are  well  adapted  for  construction  in  wood. 
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Fig.   144. 


The  form  of  truss  is  dependent  to  some  extent  upon  the  span  length,  for  in  order  to  avoid  bending  stresses  in 
J  top  chord,  it  is  desirable  to  have  a  panel  point  of  the  truss  directly  under  each  purlin.  To  avoid  the  use  of 
lessive  areas  in  the  top  chord  sections,  it  will  probably  be  best  to  limit  the  length  of  these  members  to  about 
t.  as  a  maximum.  With  this  limitation,  the  advisable  maximum  spans  for  the  several  types  shown  in  Fig.  144  are 
3ut  as  follows:  Figs,  (a)  and  (e),  30  ft.;  (c)  and  {a),  40  ft.;  (6)  and  (/),  50  to  60  ft.;  (d)  and  (/i).  70  to  80  ft.; 
iri  ^  ^^^ '  ^^  ^°  ^^  ^*"  '^^^  forms  shown  in  Figs,  (i),  (i),  and  (to)  can  be  used  for  spans  of  from  20  to  80  ft.  by 
•ying  the  number  of  panels.  Wooden  trusses  of  the  type  shown  in  Figs,  {n)  and  (o)  can  be  used  for  spans  up 
about  25  or  30  ft.,  while  those  of  Figs,  (p)  and  (g)  can  be  used  for  spans  of  from  20  to  80  ft.  by  varying  the  num- 
■jjl  ■  of  panels. 

The  type  of  truss  to  be  used  with  a  given  roof  covering  is  determined  by  the  allowable  slope  of  roof  for  the 
tlio  ^  covering  in  question.  Table  1  gives  the  minimum  allowable  slope  of  roof  for  some  of  the  common  types  of 
jii  f  coverings. 
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Table  1 

Asphalt  or  asbestos RL'se  3^2  of  span. 

Corrugated  steel Rise  K  of  span. 

Slate Rise  J^  to  J-i  of  span. 

Tar  and  gravel Flat,  or  sufficient  slope  for  drainage. 

Tile Rise  J^  of  span. 

Tin All  slopes. 

Wood  shingles  on  sheathing Rise  J-i  of  span. 

The  trusses  shown  in  Figs.  {I),  (wi),  and  (g)  are  suitable  for  tar  and  gravel,  or  for  tin  roofs.  For  these  typ' 
of  covering  it  is  necessary  to  give  the  roof  only  enough  slope  to  provide  proper  drainage.  A  slope  of  more  thi 
1  in.  to  the  foot  is  not  desirable  for  a  gravel  and  tar  roofing,  due  to  the  fact  that  the  material  will  flow  when  lai 
and  that  intense  summer  heat  will  also  cause  it  to  flow  if  the  slope  is  greater  than  that  mentioned.  All  of  the  oth 
forms  shown  in  Fig.  144  are  adaptable  to  roofs  with  a  rise  equal  to  from  ]/i  to  3-2  of  the  span. 

Trusses  with  a  cambered  lower  chord,  as  shown  in  Figs,  (e)  to  (Ji)  incl.,  are  used  for  the  sake  of  appearanc 
A  long  line  of  trusses  with  exposed  horizontal  chords  appear  to  sag.  This  effect  can  be  overcome  by  cambering  t 
lower  chord.  In  other  cases  the  architectural  treatment  of  the  ceiling  calls  for  a  cambered  truss.  Where  a  mod* 
ate  camber  is  required,  one  of  the  forms  shown  in  Fig.  144  can  be  used.  In  churches  and  similar  structures,  t 
architectural  treatment  often  calls  for  an  ornamental  truss,  which  is  considered  in  the  chapter  on  "Ornamenl 
Roof  Trusses." 

In  general  it  can  be  said  that  the  selection  of  the  type  of  truss  is  just  as  important  as  any  other  feature  of  t 
design.  Having  fixed  upon  the  span  length  and  the  height  of  truss,  that  type  of  framing  should  be  adopted 
which  the  members  are  well  placed  with  respect  to  the  loads  which  are  to  be  carried. 

123.  Pitch  of  Roof  Truss. — The  pitch  of  a  roof  truss  is  usually  defined  as  the  ratio  of  t] 
height,  or  rise,  of  the  truss  to  the  span  length,  and  is  usuallj^  designated  by  a  fraction.  Th 
in  the  truss  of  Fig.  143,  suppose  the  height  to  be  15  ft.  and  the  span  to  be  60  ft.  As  defin' 
above 

.  height        15        , 

pitch  = =  -^  =  y* 

span         60 

In  the  preceding  article  the  effect  of  character  of  roof  covering  on  the  ratio  of  rise  to  sp: 
length  has  been  considered.  As  the  pitch  of  roof,  as  defined  above,  is  the  same  as  the  r: 
divided  by  the  span,  the  values  given  in  Table  1  will  indicate  the  minimum  desirable  pitch  o\ 
roof  truss  for  a  given  roof  covering. 

The  pitch  of  the  truss  should  also  be  determined  with  reference  to  the  loads  to  be  carried.  As  shown  by  1 
tables  of  wind  and  snow  load  given  in  Arts.  135  and  136,  a  roof  with  a  J^  pitch  has  a  smaller  snow  load  bu 
greater  wind  load  per  sq.  ft.  of  roof  than  one  with  a  3-4  or  J^  pitch.  Also  from  the  stress  tables  of  the  foUoni 
chapter,  the  stresses  in  the  trusses  of  \'i  pitch  are  less  than  those  of  J4  or  J^  pitch.  However,  in  trusses  of 
pitch,  the  interior  compression  members  are  somewhat  shorter  than  those  in  trusses  of  J-^  pitch,  which  results  ii 
considerable  saving  in  material,  in  spite  of  the  greater  stress.  Trusses  of  J^  pitch  have  greatly  increased  stress 
which  call  for  added  material  in  spite  of  the  reduced  length  of  the  compression  members.  Considering  all  facte 
it  seems  that  the  truss  of  ^4  pitch  is  the  most  economical. 

124.  Spacing  of  Trusses. — The  theoretical  spacing  of  trusses  for  least  total  cost  of  truss< 
purlins,  and  roof  covering  depends  upon  the  relative;  cost  of  the  component  parts.  As  the  sp£ 
ing  increases,  the  cost  of  the  trusses  per  unit  of  covered  area  will  decrease,  as  small  changes 
spacing  have  little  effect  on  the  weight  of  a  truss;  the  cost  therefore  varies  inversely  as  the  spf 
ing.  The  size  of  purlin  is  determined  by  the  moment  to  be  carried;  this  varies  as  the  squs 
of  the  span.  Therefore  the  cost  of  the  purlins  can  be  considered  to  vary  as  the  square  of  t 
spacing.  The  roof  covering  cost  varies  directly  as  the  spacing.  To  determine  the  theoretical 
most  economical  spacing,  all  of  these  factors  must  be  given  proper  consideration. 

The  relation  between  the  quantities  given  above  for  minimum  cost  can  be  expressed  a 
proximately  in  the  following  manner: 

As  stated  above,  the  cost  of  the  trusses  can  be  assumed  to  vary  inversely  as  the  spacing  of  the  trusses,  wh 
relation  can  be  written,  I  =  k/s,  where  t  =  cost  of  trusses  per  sq.  ft.  of  roof,  k  =  a,  constant,  and  s  =  spacing 
trusses.  Again,  the  cost  of  the  purlins  varies  directly  as  the  square  of  the  spacing  of  trusses,  or  p  =  ns",  v.h- 
p  =  cost  of  purlins  per  sq.  ft.  of  roof,  ra  =  a  constant,  and  s  =  spacing  of  trusses.  Also,  the  cost  of  roof  cover: 
varies  directly  as  the  spacing  of  trusses,  or  c  =  7ns,  where  c  =  cost  of  roofing  per  sq.  ft.  of  roof,  m  =  &  consta 
and  s  =  spacing  of  trusses.     If  -Y  be  the  total  cost  of  the  roof,  per  sq.  ft.,  we  have 

X  =  t  +  p  +  c  =  k/s  +  ns^  +  -ns 
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By  the  methods  of  the  Differential  Calculus  it  can  be  shown  that  the  relation  existing  between  the  terms  of   the 
above  expression  at  tiie  time  the  cost  of  the  roof  is  a  minimum  is 

t  =  2p  +  c 

That  is,  for  least  cost,  the  spacing  of  trusses  must  be  such  that  the  cost  of  the  trusses  per  sq.  ft.  of  roof  is  equal 
to  twice  the  cost  of  the  purlins  per  sq.  ft.  of  roof  plus  the  cost  of  roof  covering  per  sq.  ft.  of  roof. 

The  relation  given  above  can  not  be  used  directly  for  the  determination  of  the  truss  spacing 
for  the  spacing  does  not  appear  in  the  equation.     However,  by  means  of  the  above  expression, 

p  la  given  design  can  be  tested  out  to  see  if  it  answers  the  theoretical  conditions.     A  study  of  the 

'^  formula  will  aid  in  forming  conclusions  regarding  the  proper  truss  spacing. 

The  cost  of  materials  and  labor  is  such  that  the  cost  of  the  trusses  per  sq.  ft.  of  roof  is 
usually  several  times  greater  than  that  of  the  purlins.     Roof  covering  costs  vary  with  the 
'ait  nature  of  the  covering,  but  will  probably  not  exceed  that  of  the  purlins.     These  facts  point 

^''  toward  a  rather  wide  spacing  of  trusses,  in  order  to  secure  maximum  economy.  If  it  were 
possible  to  obtain  rolled  sections  which  would  provide  exactly  the  required  areas  for  all  truss 
members,  it  would  be  possible  to  use  rather  a  small  truss  spacing.  But  as  can  be  seen  from  the 
design  given  in  the  chapters  on  the  design  of  steel  and  wooden  roof  trusses,  the  sizes  of  many 
members  are  determined  by  the  specifications,  or  by  the  requirements  of  standard  practice. 
These  requirements  add  considerably  to  the  weight  of  the  structure.  From  this  discussion 
it  can  be  seen  that  the  cost  of  the  trusses  controls  the  economy  of  the  design,  and  the  spacing 

tl  of  the  trusses  should  be  determined  accordingly. 


•k 


Comparative  estimates  of  cost,  made  by  comparing  the  total  cost  of  roof  trusses  of  the  same  span  length 
but  with  varying  spacing  indicate  that  for  spans  up  to  50  ft.  the  most  economical  spacing  is  about  15  ft.  for  light 
loads  (about  30  lb.  per  sq.  ft.),  or  about  Ji  of  the  span.  For  spans  of  from  50  to  100  ft.,  the  spacing  should  be 
about  ^i  of  the  span  for  the  shorter  spans  and  about  }i  of  the  span  for  the  longer  spans,  or  from  15  to  20  ft.  In 
many  cases  local  conditions  govern  and  determine  the  spacing  of  the  trusses  regardless  of  the  economical  conditions. 


125.  Spacing  of  Purlins. — The  spacing  of  the  purlins  is  governed  to  a  large  extent  by  the 

fi  roof  covering,  and  to  some  extent  by  the  type  of  roof  truss.  In  the  first  place,  the  strength  of 
the  roof  covering,  considered  as  a  beam  spanning  the  distance  between  purlins,  determines  the 
allowable  span  of  the  roofing,  and  in  the  second  place,  the  position  of  the  joints  of  the  truss  de- 
termines the  possible  points  of  support  for  purlins,  and  in  this  way  determines  the  possible  span 
of  the  roof  covering.     This  assumes  that  the  top  chord  of  the  truss  acts  only  as  a  compression 

i«i  member.  In  some  cases  where  the  type  of  the  truss  is  such  that  the  distance  between  top  chord 
joints  is  greater  than  the  allowable  span  of  the  roof  covering,  purlins  are  placed  at  points  between 
the  chord  joints.  This  arrangement  has  the  disadvantage  of  subjecting  the  chord  section  to 
bending  as  well  as  direct  stress,  for  the  chord  section  must  act  as  a  beam  as  well  as  a  chord  mem- 
ber. But  this  is  probably  offset  by  the  saving  in  weight  of  purlins  made  possible  by  the  use  of 
smaller  closely-spaced  sections. 

Roof  coverings  are   often  laid  on  sheathing,  which  is  in  turn 

'P'  supported  by  rafters  laid  parallel  to  the  top  chord  of  the  truss  and 
resting  on  purlins.     By  using  suitable  rafters,  the  purlin  spacing  can 

P'  be  made  as  desired.     This  construction  is  apt  to  result  in  a  heavy 

I"'  roof.     To  avoid  this,  the  sheathing  is  sometimes  laid  directly  on  the 
purlins,  thus  limiting  the  spacing  of  purlins  to  the  safe  span  of  the 

ii'*'  sheathing.     This  safe  span  is  to  be  determined  with   reference  to  ]  '^Horizonfaf 

the  bending  stress  in  the  sheathing,  and  also  with  respect  to  the  /p=^ 

allowable  deflection  of  the  sheathing,  for  in  some  cases  the  roof 
covering,  as  tile  or  slate,  is  likely  to  crack  if  the  sheathing  is  subjected 
to  excessive  deflection.     The  allowable  deflection  is  about  3'^oo  part  of  the  clear  span. 


Fig.  145  shows  an  inclined  beam  subjected  to  a  vertical  uniform  load  of  w  lb.  per  ft.  of  beam.  Assuming  that 
the  sheathing  is  continuous  over  several  purlins,  the  maximum  moment  is  M  =  3-io  wV-coh  8,  and  the  fiber  stress  is 
given  by  the  formula/  =  Mc/I.  Placing  the  value  of  M  in  the  formula  for  fiber  stress  and  solving  for  I,  the  limiting 
span  length,  we  have,  for  a  rectangular  section  of  width  b  and    depth  d, 

,        /  5    bd^f  nH 

J  =  {  77 sec  0  1 


-( 


•J 
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In   terms   of  the   fiber  stress,   the  deflection  of  a  rectangular  beam  under  a  uniform  load  is  given  by  the  formula 

A  =  5/24  ^  where  E  is  the  modulus  of  elasticity  of  the  material,  and  the  other  terms  have  the  same  values  as  before. 

Substituting  in  this  expression  the  value  of/,  and  solving  for  I,  the  limiting  span,  we  find  for  an  allowable  deflection 
of  3^60  of  the  span,  that 

1    bd^E  s\^ 


=     (—  sece  ) 

\45     w  / 


The  smaller  of  the  values  given  by  the  above  equations  is  the  allowable  span  for  the  sheathing  under  consideration. 
Table  2  gives  the  limiting  spans  for  sheathing  in  common  use  for  several  load  capacities  and  varying  slope  of  roof,  aa 
determined  by  the  above  equations. 

Table   2. — Limiting  Spans  for   One   Inch   Sheathing   for   Various  Load   Capacities 

AND  Slopes 

/  =   1000  lb.  per  aq.  \n.\  E  =  1,000,000  lb.  per  sq.  in.;  d  =  1  in. 
(Limiting  spans  given  in  feet) 


Capacity  in  pounds 
per  sq.  ft. 


Slope  of  roof  in  inches  per  foot 


10 


20 


25 


30 


40 


50 


60 


9 

13 

4 

53 

8 

17 

4 

19 

7 

45 

3 

95 

6 

46 

3 

59 

5 

77 

3 

34 

5 

27 

3 

13 

9.20 
4.56 


8.22 
4.22 


7.51 
3.97 


6.51 
3.61 


5  82 
3.36 


5.32 
3    15 


9 

35 

4 

60 

8 

37 

4 

25 

7 

64 

4 

00 

6 

62 

3 

64 

5 

92 

3 

40 

5 

41 

3 

17 

9 

66 

4 

71 

8 

65 

4 

35 

7 

89 

4 

11 

6 

84 

3 

73 

6 

00 

3 

47 

5 

58 

3 

25 

0 

02 

4 

81 

8 

97 

4 

45 

8 

17 

4 

20 

7 

20 

3 

82 

6 

34 

3 

55 

5 

78 

3 

33 

10 

43 

4 

95 

9 

35 

4 

58 

8 

52 

4 

32 

7 

39 

3 

92 

6 

60 

3 

65 

6 

03 

3 

42 

0 

85 

5 

08 

9 

72 

4 

70 

8 

86 

4 

43 

7 

69 

4 

03 

6 

86 

3 

75 

6 

27 

3 

52 

Note. — Upper  values  =  limiting  span  in  feet  due  to  bending.     Lower  values  =  limiting  span  in  feet  due  to 
deflection. 

For  limiting  spans  due  to  fiber  stresses  other  than  1000  lb.  per  sq.  in.,  multiply  upper  values  in  table  bv  the 

p:. 

'lOOO 
For  limiting  spans  due  to  deflection  for  values  of  E  other  than  1,000,000  lb.  per  sq.  in.,  multiply  lov,-er  values  in 

table  by  the  ratio    \  — 


ratio 


E 


000,000 

For  limiting  spans  for  sheathing  of  other  than  1  in.  thickness,  multiply  values  given  in  the  table  directly  by  the 
thickness  of  the  sheathing  in  in  ches. 

The  limiting  span  for  corrugated  steel  roofing,  considered  as  a  horizontal  beam,  is  given  by  the  Rankine  for 
mula  as 


=     (O....  , 


.178 


where  .S'  =  working  stress  in  lb.  per  sq.  in.,h  =  depth  of  corrugations  in  inches,  h  =  width  of  sheet  in  inches,  t  = 
thickness  of  sheet  in  inches,  w  =  safe  load  in  lb.  per  ft.,  uniform  load,  and  I  =  allowable  span  in  feet.     Table 
3  gives  the  allowable  spans  of  corrugated  steel  for  several  load  capacities  per  sq.  ft.  of  roof.     The  values  are  llt,- 
computed  from  the  above  formula.  I ;, 


%.- 
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From  formula  I 


.178 


Shhl\\ 


12,000  lb.  per  sq.  in. ;  6  =   12  in.;  h 


y. 


Values  of  I  in  feet 

Gage 

I 
(in.) 

w  =  20 

u;  =  25 

w  =  30 

IV  =  40 

If  =  50 

If  =  60 

10 

Hi 

7.08 

6.32 

5.77 

5.00 

4.47 

4.08 

18 

3-2  0 

6.32 

5.65 

5.16 

4.47 

4.00 

3.65 

20 

Ho 

5.50 

4.91 

4.48 

3.88 

3.47 

3.17 

22 

>U 

5.00 

4.47 

4.08 

3.54 

3.10 

2.88 

2t 

>4  0 

4.49 

4.01 

3.6G 

3.17 

2.84 

2.59 

126.  Spacing  of  Girts. — Girts  are  members,  similar  to  purlins,  which  are  used  to  support 
the  siding  in  a  building  in  which  the  walls  are  formed  by  siding  or  corrugated  steel  carried  on  the 
columns  which  support  the  roof  trusses.  The  design  of  girts  is  carried  out  by  the  same  methods 
as  given  in  Sect.  2  for  purlins. 

The  spacing  of  girts  is  governed  by  the  same  considerations  as  given  in  the  preceding  article 
for  purlins.  Allowable  spacing  of  girts  can  be  determined  by  the  tables  of  the  preceding  article. 
Design  methods  are  given  in  Art.  167. 

127.  Purlin  and  Girt  Details  and  ^.rl''' 
Connections. — Wooden  purlins  can  be 
made  up  of  a  single  piece,  or  can  be 
built  up  by  placing  several  narrow 
pieces  side  by  side.  When  properly 
fastened  together,  either  by  nailing  or 
bolting,  built-up  beams  are  equally  as 
strong  as  a  single  piece,  and  are 
cheaper  and  easier  to  obtain.  Such 
purlins  are  used  either  with  wooden 
or  steel  roof  trusses. 

The  connection  of  wooden  purlins 
to  the  roof  truss  depends  upon  the 
type  of  roof  construction  and  the  kind 
of  truss.  For  wooden  trusses,  purlin 
connections  of  the  type  shown  in  Fig. 
146  are  in  common  use.  In  Fig.  (a) 
e  purlin  is  placed  on  the  top  of  the 
chord  section.  This  is  often  done 
when  a  deep  roof  covering  is  not  un- 
desirable. The  purlin  is  held  in  posi- 
tion and  prevented  from  overturning 
by  means  of  a  block  or  short  piece  of 
angle  nailed  or  bolted  to  the  top  chord,  as  shown  in  Fig.  (a).  Where  the  depth  of  the  roof 
construction  is  limited,  the  connection  shown  in  Fig.  (6)  is  used.  The  purlin  is  suspended  by 
means  of  a  strap  hanger,  or  by  means  of  one  of  the  patent  hangers  shown  in  Sect.  2,  Art.  1226. 
Figs,  (c)  and  (d)  show  details  of  connections  at  the  apex  of  the  truss  and  at  the  wall.  For  the 
design  of  such  connections  see  Art.  146.  Fig.  (e)  shows  a  type  of  connection  used  for  wooden 
purlins  on  steel  roof  trusses.  A  short  clip  angle  is  riveted  to  the  top  chord  and  the  purlin 
is  fastened  to  this  clip  angle  by  means  of  lag  screws. 

Purlins  for  steel  roof  trusses  are  generally  made  of  rolled  sections,  although  in  some  cases 
wooden  purlins  are  used,  as  shown  by  the  detail  of  Fig.  146  (e).     The  rolled  sections  raos^used 


Fig.   146. 


«bl 
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as  purlins  are  the  I-beam,  the  channel,  and  the  angle.  T-bars  and  Z-bars  are  sometimes  used, 
but  their  use  is  limited,  as  Z-bars  are  hard  to  obtain,  except  in  large  orders,  and  as  pointed  out  in 
Sect.  -1,  Art.  112,  the  T-bar  is  not  an  ideal  beam  section.  In  selecting  rolled  sections  from  the 
steel  handliooks,  it  is  best  to  use  the  section  of  minimum  weight  for  any  given  depth,  as  these 
sections  are  stock  sizes  and  are  easily  obtained.     A  list  of  standard  sections  is  given  in  Art.  130. 

Fig.  147  gives  details  of  I-beam,  channel,  and 
angle  purlin  connections.  Fig.  (o)  shows  an  I-beam 
connection.  The  connection  is  made  by  rivets  or 
field  bolts.  Fig.  (b)  shows  the  usual  type  of  connec- 
tions for  angles  and  channels.  A  clip  angle  is  shop 
riveted  to  the  truss,  as  shown.  The  length  of  this 
1  clip  is  such  that  at  least  one  rivet  can  be  placed  in 
the  end  of  each  purlin.  Fig.  (c)  shows  details  of 
purlin  connections  at  the  apex  of  the  truss.  Fig.  (d) 
shows  the  arrangement  at  the  "wall  for  a  trass  on 
masonry  walls.  This  arrangement  is  not  always 
followed,  for  in  many  cases  a  purlin  is  not  used  at 
this  point.  These  sketches  show  two  general  classes 
of  details.  In  one  case  the  purlin  is  fastened  directly 
to  the  top  chord.  In  the  other,  adequate  direct 
connection  to  the  top  chord  can  not  be  secured. 
To  provide  proper  connection,  the  gusset  plates  are 
enlarged  and  the  purlin  is  fastened  to  the  plate  by 
means  of  a  standard  I-beam  or  channel  connection. 
As  a  great  variety  of  special  connections  are  in  use 
for  details  at  these  points,  only  a  few  of  the  more 
common  types  are  shown. 

Purlins  for  truss  spacing  greater  than  about  2C 
ft.  can  not  be  provided  economically  by  single  rolled 
shapes.  It  is  necessary  to  use  a  form  of  plate  oi 
trussed  girder,  or  if  the  span  is  not  too  great,  £  flb 
trussed  purlin,  such  as  shown  in  Fig.  148,  can  b( 
used.  Where  the  girder  purlin  is  used,  it  is  usuallj 
placed  in  a  vertical  position.  A  form  of  roof  truss 
must  be  selected  which  contains  vertical  members  sc 
located  as  to  provide  proper  end  connections  for  the  i 
purlin.  Trusses  of  the  type  of  Fig.  144  (t),  (k),  (?) 
or  (m)  provide  the  necessary  vertical  members,  where  a  moderate  span  length  is  used.  Trussed  purlins  are 
generally  used  where  a  very  wide  truss  spacing  is  necessary  to  obtain  maximum  economy. 

Girts  are  usually  made  of  angle  or  channel  sections.  Fig.  149  shows  the  method  of  connecting  the  section  tc 
the  supporting  column.  For  spans  of  15  ft.  or  more,  it  is  necessary  to  provide  a  line  of  tie  rods  which  extend  verti- 
cally to  the  eaves.     This  relieves  the  bending  stresses  in  the  girts  and  permits  the  use  of  smaller  sections. 


Fig.   147. 


Channe/ 


Ana/ea/rf-. 


Fig.   148. 


Fig.   149. 


\i..' 


128.  Connections  between  Purlins  and  Roof  Covering. — Fig.  150  shows  a  few  of  the  methods 
used  in  fastening  the  roof  covering  to  the  purlins.  Fig.  (a)  shows  the  details  of  connections 
between  rolled  steel  sections  and  plank  sheathing.  As  shown,  a  nailing  strip  is  fastened  to  the 
section.  The  sheathing  is  then  nailed  to  this  strip.  Where  wooden  siding  is  used,  it  is  fastened 
to  the  girts  in  a  similar  manner. 

Corrugated  steel  roofing  and  siding  are  fastened  to  the  purlins  or  girts  by  the  methods 
shown  in  Fig.  (6).  Clinch  nails  are  used  with  angle  purlins,  and  sometimes  with  the  smaller 
channels.  The  nails  are  made  of  soft  wire,  and  are  clinched  around  the  purlins.  Strap  fasten- 
ings are  used  with  all  sections.  The  straps  are  made  of  No.  18  gage  steel  about  ^4  in.  wide, 
and  are  fastened  to  the  covering  by  a  stove  bolt  in  each  end  of  the  strap.     Clip  fastenings  are 


made  of  No.  16  gage  steel.  The  usual  dimensions  are  IJ-^  X  2)'2  in.  They  are  fastened  to 
the  covering  by  two  stove  bolts  at  one  end  of  the  clip  to  prevent  turning.  A  nailing  strip  is 
preferably  used  with  an  anti-condensation  lining,  and  also  for  fastening  siding  to  girts.  In  all 
sases  the  fastenings  are  spaced  about  a  foot  apart. 


iid 
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129.  Bracing  of  Roofs  and  Buildings. — The  bracing  to  be  provided  for  a  roof  depends  upon 
;he  character  and  use  of  the  building.  For  a  roof  supported  on  masonry  walls,  the  object  of 
he  bracing  is  to  provide  a  stiff  rigid  structure  which  will  not  be  subjected  to  vibration  due  to 
nachinery  or  moving 
oads,  such  as  cranes, 
3tc.  In  the  case  of  a 
oof  supported  on  steel 
columns,  the  entire 
structure  is  depend- 
snt  on  bracing  for 
tability  against  lat- 
iral  forces.  The 
brusses  must  be  thor- 
iugbly  braced  and  the 
3olumns  must  be  con- 
aected  by  longitudinal 
md  transverse  sys- 
tem s  of  bracing. 
Without  such  bracing 
;he  structure  would 
3ollapse  in  a  high 
A^ind  storm  or  due  to 
stresses  and  vibration 
rom  moving  loads, 
mch  as  cranes.  In 
general  it  can  be  said 
;hat  bracing  should 
ie  so  located  that  the 
ateral  forces  will  be 
;ransmitted  as  di- 
rectly  as   possible   to 


Bracing  for  Bo-Hom  Chord 


Bracing  For  Top  Chord 
and  Columns 
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End  Bracing 

Fig.   151. 


(^) 


/he  walls  and  foundations  of  the  building. 

Bracing  for  a  roof  supported  on  rigid  walls  is  not  subject  to  analysis  for  stresses,  as  the 
orces  acting  on  the  bracing  are  indefinite  in  nature.  The  designer  must  use  his  judgment, 
)ased  on  past  experience,  in  the  determination  of  the  form  of  bracing  and  the  make-up  of  the 
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sections.  In  the  case  of  roofs  supported  on  columns  it  is  possible  to  determine  approximate! 
the  stresses  in  the  bracing.  This  problem  is  considered  in  detail  in  the  chapter  on  the  "  Detaile 
Design  of  a  Truss  with  Knee-Braces." 

Roof  trusses  supported  on  columns  should  be  provided  with  bracing  for  the  trusses  an 
also  bracing  for  the  columns.  Fig.  151  shows  the  relative  position  of  the  required  bracing 
Every  third  or  fourth  pair  of  trusses  should  be  rigidly  braced  with  diagonals  placed  in  the  plant 
of  the  upper  and  lower  chords  of  the  trusses.  The  unbraced  trusses  between  the  pairs  of  brace 
trusses  should  be  connected  to  the  others  by  unbroken  lines  of  struts  running  the  full  length  c 
the  building  and  located  at  the  eaves,  the  apex  of  the  truss,  and  at  several  points  in  the  plan 
of  the  lower  chord  of  the  truss,  at  distances  apart  depending  upon  the  width  of  the  building 
These  distances  should  be  such  that  the  diagonals  of  the  bracing  will  form  angles  of  about  4 
deg.  with  the  loads  to  be  carried. 

Column  bracing  should  be  provided  for  the  bays  in  which  the  trusses  are  braced,  as  shown  in  Fig.  (a).  Th 
bracing  consists  of  rods  or  rolled  shapes.  The  bracing  should  be  so  arranged  that  the  members  make  angles  of  aboi 
45  deg.  with  the  horizontal. 

A  system  of  bracing  is  also  to  be  provided  in  the  plane  of  the  ends  of  the  building.  This  bracing  must  assi 
in  carrying  the  transverse  forces.  Two  forms  of  such  bracing  are  shown  in  Fig.  151.  Fig.  (c)  shows  a  knee-brac< 
bent  similar  to  the  others.  This  truss  provides  the  required  bracing  for  transverse  forces,  and  also  supports  a  s 
of  vertical  members  which  carry  the  girts  and  siding.  The  horizontal  forces  brought  to  the  lower  chord  of  th 
truss  by  the  siding  are  resisted  by  the  horizontal  trusses  in  the  plane  of  the  lower  chord  ot  the  main  trusses. 

Fig.  (d)  shows  an  arrangement  of  vertical  beams  which  carry  the  girts  and  the  siding.  These  beams  transf 
part  of  their  load  to  the  bracing  in  the  plane  of  the  lower  chord  of  the  main  trusses.  Vertical  diagonal  bracing 
provided  in  the  plane  of  the  end  of  the  building,  as  shown  in  Fig.  (d). 

Buildings  with  rigid  side  and  end  walls  of  masonry  require  bracing  only  in  the  planes  of  the  upper  and  low 
chords  of  the  trusses.  This  bracing  can  be  of  the  same  general  form  as  described  above  for  the  roof  on  steel  column 
except  that  a  strut  is  not  required  at  the  eaves.  A  detail  design  of  bracing  for  a  roof  of  this  kind  is  given  in  tl 
chapter  on  the  "  Detailed  Design  of  Steel  Roof  Truss." 

130.  Choice  of  Sections. — In  selecting  the  rolled  shapes  with  which  the  members  of  tl 
truss  are  to  be  formed,  the  designer  must  be  governed  not  only  by  the  required  area  but  ah 
by  the  ease  with  which  the  section  can  be  obtained  from  the  rolling  mills.  If  any  section  is  i 
great  demand,  it  will  be  rolled  at  frequent  intervals,  while  a  section  for  w^hich  there  is  htt 
— demand  will  be  rolled  only  when  the  orders  on  hand  will  warrant  a  rolling  of  the  section, 
often  happens,  therefore,  that  the  time  element  will  determine  the  section  to  be  used  instea 
of  the  stress  to  be  carried. 

The  sections  which  are  the  easiest  to  obtain,  as  a  rule,  are  those  of  minimum  weight  for  tl 
shape  in  question.  It  will  be  found  best  to  use  as  small  a  number  of  sections  and  sizes  i 
possible,  thereby  insuring  quick  delivery.  The  various  mills  and  large  bridge  companies  ha^ 
certain  standard  and  permissible  sections  for  which  quick  delivery  is  fairly  certain.  A  shoi 
list  of  standard  and  permissible  sections  used  by  the  American  Bridge  Co.  is  given  in  Table  • 


Permissible  angles 
S"  X  8"  6"  X  SH" 

5"  X  5"  4"  X  3H" 

2K"  X  2K"  3>.^"  X  2H 

2"  X  2"  3"  X  2" 


Permissible  channels 
9" 
7" 
5" 
Permissible  I-beams 
24" 
9" 
7" 
5" 
Steel  Mill  Buildings,  and  Structural  Engineers'  Handbook,  by  M.  S.  Ketchum. 


Table  4* 

Stand 

ird  angles 

6"  X  6" 

6"  X  4" 

4"  X  4" 

5"  X  3>2' 

' 

3H"  X  3M" 

4"  X  3" 

3"  X  3" 

3M"  X  3' 

' 

2H"  X  2H" 

3"  X  2}i' 
2W  X  2' 

Standard  channels 

' 

15" 

8" 

12" 

6" 

10" 

Standard  I-beams 

20" 

10" 

18" 

8" 

15" 

6" 

12" 

13 
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131.     Form  of  Members  for  Roof  Trusses. — Members  for  wooden  roof  trusses  are  made 

preferably  of  single  pieces  of  timber,  square  or  rectangular  in  shape.     Where  single  pieces  can 

not  be  obtained,  members  are  built  up  of  planks  securely  fastened  together  so  that  the  parts 

of  the  member  will  act  as  a  unit.     The  design  of  members  of  a  wooden  roof  truss  is  considered 

in  another  chapter. 

Fig.  152  shows  the  form  of  members  in  general  use  for  simple  roof  trusses  of  the  type  shown 

in  Fig.  144.     Compression  chord  and  web  members  are  made  up  as  shown  in  Fig.  (o).     For 

members  subjected  to  moderate  stresses,  too  angles  placed  back  to  back,  as  shown  in  Fig.  (a), 

will  provide  sufficient  area.     Angles  with  unequal  legs  are  preferable,  the  longer  legs  to  be  placed 
")  together.     In  this  way  the  ratio  of  length  to 

radius  of  gyration  of  the  combined  section 

for  axes  OX  and  OY  of  Fig.  (a)  can  be  made  —^jp' — X    ^  ^    \    o 
Tl  equal,  or  nearly  so.      The  resulting  column        UiU  IIP         1 

is  then  of   equal   rigidity  in  all  directions.  I 

To  make  certain  that  the  two  angles  act  as  a       (^a) 

unit,  they  must  be  riveted  together  at  in- 
tervals such  that  the  ratio  of  unsupported 
tl  length    to    radius  of  gj'ration  for  a  single 

angle  is  equal  to  or  less  than  that  for  the 

combined  section.     This  detail  will  be  con- 
idered  further  in  Art.  156. 

Connections  between   chord   and  web 
■^members  are  made  by  separating  the  two 

angles  by  a  small  space  which  will  allow  a 

connecting  plate  to  be  inserted,  as  shown  in 
itlFig.  (6).     This  space  between  the  angles  is 

maintained  over  their  entire  length  by  means 
isi  of  ring  fills  or  washers  located  at  the  connecting  rivets.     The  size  and  shape  of  the  connecting 

plates,  which  are  known  as  gusset  plates,  depend  upon  the  number  of  rivets  to  be  provided  in 

the  connection. 

Where  very  large  stresses  are  to  be  carried,  the  forms  of  members  shown  in  Figs,  (c),  (d), 

and  (e)  are  used.     The  form  of  Fig.  (c)  shows  two  rolled  channels  in  place  of  angles,  and  Fig. 
rtl  {d)  shows  a  built-up  member  consisting  of  4  angles  and  1  plate.     In  some  cases  the  form  of  Fig. 

(ej  is  used.     This  form  consists  ot  2  angles  and  1  plate.     The  plate  acts  as  a  part  of  the  chord 
te  member,  and  at  the  joints,  it  acts  as  a  gusset  plate,  similar  to  the  arrangement  shown  in  Fig.  (6). 

In  some  forms  of  trusses  the  purlin  spacing  is  such  that  purlins  must  be  placed  at  points  between  the  top 
jhord  joints.  The  top  chord  section  is  then  subjected  to  bending  in  addition  to  direct  stress,  and  the  section  must 
je  designed  as  a  combined  beam  and  column.  Design  methods  are  given  in  Sect.  1,  and  in  the  design  of  Art.  158. 
or  members  subjected  to  moderate  stress  and  bending,  the  form  of  member  shown  in  Fig.  (o)  can  be  used.  Figs, 
c)  and  (d)  show  forms  adapted  for  large  moments  and  direct  stresses.  The  form  of  Fig.  (e),  although  often  used 
or  members  subjected  to  bending,  is  not  a  desirable  form  of  beam  section,  as  pointed  out  in  Sect.  1,  Art.  112.  This  is 
lue  to  the  fact  that  the  top  chord  member  of  a  roof  truss  is  continuous  from  end  to  end,  thus  forming  a  continuous 
;irder.  As  shown  in  Sect.  1,  the  moments  at  points  of  support  are  negative.  Therefore  the  narrow  edge  of  the 
)late  at  A,  Fig.  (e),  is  in  compression.  As  this  plate  is  not  well  supported  at  the  joints,  it  is  likely  to  buckle  side- 
vise.     The  forms  of  Figs.  (,c)  and  (d)  are  not  subject  to.this  objection. 

Tension  members  are  also  made  of  two  angles  placed  as  shown  in  Fig.  (a).  Equal  legged  angles  can  be  used  for 
ension  members,  as  it  is  not  necessary  to  secure  equal  rigidity  in  all  directions.  Where  tension  members  are 
ubjected  to  bending  as  well  as  direct  stress,  the  forms  of  Figs,  (c)  and  (d)  can  be  used. 

132.  Joint  Details  for  Roof  Trusses. — The  design  of  joint  details  of  a  roof  truss  is  a  matter 
»f  the  greatest  importance.  An  investigation  of  the  causes  of  roof  truss  failures  will  show  that  in 
nost  cases,  the  failure  can  be  traced  to  faulty  joint  details.  The  same  care  and  study  should 
>e  devoted  to  the  design  of  joints  as  to  the  design  of  the  main  members. 

In  designing  joints,  a  point  of  great  importance  is  that  the  center  lines  of  all  members  enter- 
ng  a  joint  should  meet  at  a  common  point,  which  should  be  located  at  the  intersection  of  the 
enter  lines  of  the  truss  members,  as  shown  in  Fig.  153  (a).     If  this  point  is  overlooked,  as  shown 
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Fig.   153. 


in  Fig.  (b),  where  the  intersection  point  of  the  diagonals  is  at  a  distance  a  from  the  line  of  action 
of  the  remaining  members,  there  is  set  up  a  bending  moment  Pa,  which  tends  to  twist  the  joint 
out  of  position.     This  moment  must  be  resisted  by  the  members  entering  the  joint.    Proper 

provision  should  be  made  for 
the  increased  stresses,  or  the 
detail  should  be  changed  so  as 
to  eliminate  the  moment. 

The  designer,  in  addition 
to  satisfying  the  above  require- 
ment, should  carefully  trace 
the  stresses  from  the  several 
members  into  the  joint,  making 
certain  that  proper  connections 
have  been  made,  and  that  all  parts  are  proportioned  to  care  for  the  stress  which  they  may  be 
called  upon  to  carry. 

Most  specifications  state  that  syrometrical  sections  shall  be  used  for  principal  members.  Others  allow  the  use 
of  single  angles  for  members  with  small  stress.  Fig.  154  shows  a  connection  made  for  a  member  composed  of  a 
symmetrical  section  and  another  made  of  a  single  angle.  In  Fig.  (b)  is  shown  a  symmetrical  member  composed 
of  two  equal  angles,  one  on  each  side  of  the  gusset  plate.  The  stress  in  the  membe"-  can  then  be  considered  as  brought 
directly  to  the  gusset  plate.  In  Fig.  (a),  where  a  single  angle  is  used,  the  center  line  of  the  member  and  the  plane 
of  the  truss  do  not  coincide.  The  member  is  then  subjected  to  a  direct  stress  P  and  a  bending  moment  M  =  Pa, 
where  a  is  the  distance  from  the  center  of  gravity  of  the  angle  to  the  plane  of  the  truss.  For  the  conditions  shown 
in  Fig.  (a),  the  design  must  be  carried  out  by  the  methods  given  in  Sect.  1  for  bending  and  direct  stress.  The 
usual  methods  often  neglect  entirely  the  effect  of  the  eccentric  connection,  which  leads  to  a  faulty  design. 

In  addition  to  the  large  bending  stresses  in  the  member  in  question,  as  shown  in  the  detail  of  lig.  154(a),  there 
is  also  present  the  effect  of  the  eccentric  load  on  the  other  truss  members.  A  load  applied  to  the  side  of  a  plate,  a» 
shown  in  Fig.  (a),  tends  to  twist  the  top  chord  out  of  line,  thereby  setting  up 
additional  stresses  in  the  chord  section.  It  therefore  seems  best  to  specify 
that  all  members  carrying  calculated  stress  shall  be  composed  of  symmetrical 
sections,  or  sections  which  will  allow  a  symmetrical  connection  of  the  form  shown 
in  Fig.  (6)  to  be  made. 

The  methods  of  design  for  joint  and  member  connections,  and  the  general 
methods  of  detailing  have  been  given  in  Sect.  2.  Application  of  the  principles 
of  this  article  and  of  the  chapters  quoted  will  be  found  in  the  design  of  roof 
trusses  given  in  later  chapters. 


ft 
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Fig.   154. 


133.  Loadings  for  Roof  Trusses. — The  load  to  be  carried      '\P' 
by   a  roof  truss   consists   of  the  weight  of  the  truss,  the  roof    /^y 
covering,   purlins,   bracing,  and  any  other  loads,  such  as  ceilings, 
suspended  floors,  and  machinery,  etc.,  in  factory  buildings.     In 
addition  to  these  loads,   the  roof  must  be  designed  to  carry  the  maximum  wind  and  snow 
loads  which  experience  shows  are  likely  to  occur  in  the  particular  locality.     These  loads  willi 
be  considered  in  the  following  articles. 


Table  5. — Weights  of  Building  Materials 

(Pounds  per  square  foot) 

Copper  roofing,   sheets IJ^ 

Corrugated  iron,  painted  or  galvanized 

No.  26,  lib.;  No.  24,  1.3  lb.;  No.  22,  1.6  lb.;  No.  20,  1.91b.;  No.  18,  2.61b.;  No.  16,3.31b. 

Felt  and  asphalt  roofing 2 

Felt  and  gravel  roofing 8  to  10 

Plastered  ceiling 10 

Sheathing,  1  in.  thick 

White  pine,  hemlock,  spruce : 3 

Yellow  southern  pine 4 

Shingles,  common 2 J^  to  3 

Skylights,  including  frames 

3-4 -in.  glass,  4>2  lb.;  SMo-in.,   5  lb.;  Jg-in-.  6  lb. 

Tile,  corrugated,  8-10;  flat,  15-20. 

Tin,  sheets  or  shingles 1  to  IJ^ 
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When  a  roof  truss  is  to  be  designed  to  carry  additional  loads  of  the  nature  mentioned  above, 
;he  amount  of  these  loads  must  be  determined,  together  with  their  points  of  application  on  the 
iruss.  The  maximum  stresses  in  the  members  of  the  truss  are  then  to  be  determined  by  the 
nethods  of  Sect.  1,  or  in  certain  cases,  the  stress  coefficients  of  the  following  chapter  can  be  used. 
To  assist  in  the  calculation  of  these  loads  there  is  given  in  Table  5  the  weights  of  building  mate- 
ials  in  common  use  for  roofing. 

134.  Weight  of  Roof  Trusses. — The  weight  of  a  roof  truss  must  be  known  before  the  true 
naximum  stresses  can  be  determined.  Since  the  size  of  the  members,  and  therefore  their  true 
veight,  is  dependent  upon  the  stresses,  it  follows  that  the  true  weight  of  the  truss  must  be 
cnown  before  a  correct  design  can  be  made.  The  true  weight  of  a  truss  can  be  determined 
ay  cut  and  try  methods.  A  preliminary  design  can  be  made  using  an  assumed  weight.  The 
"I  sleight  of  the  structure  as  designed  can  then  be  determined  and  the  assumed  and  calculated 
weights  compared.  If  these  weghts  do  not  agree  within  a  reasonable  limit,  another  design 
nust  be  made,  using  an  estimated  weight  based  on  the  calculated  weight  of  the  preliminary 
lesign.     This  process,  if  repeated,  will  finally  lead  to  the  desired  true  weight. 

In  general  it  will  be  found  that  for  trusses  of  moderate  size,  spans  of  80  feet  or  less,  the 
veight  of  the  truss  is  a  small  part  of  the  total  load  to  be  carried.  The  greater  part  of  the  load, 
s  the  weight  of  the  roofing,  purlins,  bracing,  and  the  wind  and  snow  loads,  can  be  determined  as 
icon  as  the  local  conditions  are  known.  For  trusses  of  the  size  mentioned,  it  will  be  found  that 
.he  weight  of  the  truss  represents  about  10  or  15  %  of  the  total  load  to  be  carried.  Therefore 
he  preliminary  estimate  of  truss  weight  need  not  be  very  accurate,  as  a  relatively  large 
jrror  in  the  estimated  weight  will  result  in  a  small  error  in  the  total  load.  Thus,  if  the  dead 
oad  be  15%  of  the  total  load,  and  an  error  of  30%  be  made  in  estimating  the  dead  load, 
;he  resulting  error  is  0.3  X  15  =  4.5  %  of  the  total  load.  It  is  therefore  probable  that  the 
;rue  weight,  as  determined  by  the  process  outlined  above,  can  be  found  from  the  second  trial 
lesign. 

Bridge  companies  and  designing  engineers  have  collected  the  actual  shipping  weights  of 
'oof  trusses  of  moderate  span  designed  for  a  great  variety  of  loading  conditions.  From  this 
nformation  empirical  formulas  have  been  derived  from  which  it  is  possible  to  estimate  the 
ipproximate  weight  of  a  given  truss.  Instead  of  using  the  long  process  indicated  above,  the 
veight  of  a  truss  is  calculated  from  a  selected  formula.  If  the  proper  formula  has  been 
ised,  the  actual  and  assumed  weights  will  usually  be  found  to  agree  within  reasonable  limits, 
ind  a  revision  will  not  be  necessary. 

The  factors  which  influence  the  weight  of  a  roof  truss  are  the  type  of  truss,  pitch  of  roof, 
iharacter  of  roof  covering,  distance  between  trusses,  amount  and  distribution  of  loading,  as- 
umed  combinations  of  loading,  working  stresses,  general  requirements  of  the  specifications  as 
noi  ,0  details  and  minimum  thickness  of  material,  and  the  personal  equation  of  the  designer.  It 
!an  be  seen,  then,  that  a  formula  for  roof  truss  weight,  in  order  to  yield  reliable  results,  must  be 
ised  for  the  conditions  for  which  it  was  derived.  In  most  cases  this  information  is  not  given 
vith  the  formula.  As  there  are  so  many  factors  which  effect  the  weight  of  a  truss,  it  is  to  be  . 
xpected  that  the  formulas  collected  from  different  sources  will  not  agree.  An  interesting 
omparison  of  this  nature  made  by  R.  Fleming  is  given  in  the  Eng.  News-Record,  Vol.  82,  No. 
2,  March  20,  1919,  p.  576,  to  which  the  reader  is  referred. 

From  an  examination  of  the  weight  data  for  a  large  number  of  simple  roof  trusses  of  >i  pitch  supported  on 
lasonry  walls,  the  weight  per  sq.  ft.  of  horizontal  covered  area  was  found  to  range  from  about  2  to  2.5  lb.  for  spans 
f  30  ft.  to  about  5  or  6  lb.  for  spans  of  100  ft.  Within  these  limits  the  weight  of  bracing  was  found  to  vary  from 
bout  0.3  to  0.8  lb.  Trusses  of  greater  or  less  slope  were  found  to  have  weights  differing  from  5  to  25  %  of  the  values 
iven  above.  The  variation  in  weight  due  to  different  loadings  was  found  to  be  equal  to  from  25  to  75  %  of  the 
hange  in  loading.  Trusses  with  cambered  lower  chords  were  found  to  weigh  from  15  to  40  %  more  than  corre- 
ponding  trusses  with  flat  chords. 

The  formulas  on  p.  466  are  a  few  of  those  proposed  for  the  determination  of  the  weight  of  roof  trusses. 
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Table  6. — Formulas  for  Weight  of  Roof  Trusses 

Formulas  for  Wooden  Roof  Trusses 

w  =  0.04L  +  0.000167L2  N.  C.  Ricker 

w  =  0.5     +  0.075L  H.  S.  Jacoby 

w  =  0.75  (1  +  O.IOL)  M.  A.  Howe 

Formulas  for  Steel  Roof  Trusses 

w  =  0.06L  +  0.6  for  heavy  loads  \ 

w  =  0.04L  +  0.4  for  light  loads     j  bowler 

«'  =  0.20  (.->/'£  +  0.1 25Z/)  Carnegie  Handbook 

For  401b.  per  sq.  ft.  capacity.     For  other  loads  multiply  formula  by  ratio:  Load  per  sq.  ft.  -r  40. 
Formula  for  steel  mill  building  trusses 

^''l  +  -^^)  M.  S.  Ketchum 

In  the  above  formulas,  w  =  weight  of  truss  in  lb.  per  sq.  ft.  of  horizontal  covered  area,  L  =  span  in  feet- 
A  =  distance  between  centers  of  trusses  in  feet,  and  P  =  capacity  of  truss  in  pounds  per  sq.  ft.  of  horizontal 
covered  area. 

In  roof  trusses  for  large  structures,  such  as  long  span  trusses  for  train  sheds  or  auditoriums,  the  dead  weight  o) 
the  trusses  form  a  large  part  of  the  total  load  to  be  carried.  The  weight  of  the  trusses  must  then  be  known  withir 
much  narrower  limits  than  in  the  case  of  short  spans.  As  long  span  roof  trusses  are  not  as  common  as  those  o) 
.'ihorter  spans,  there  is  available  very  little  weight  data  from  which  to  derive  weight  formulas.  Also,  the  conditionj 
to  be  met  differ  so  widely  that  a  general  formula  available  for  all  cases  is  entirely  out  of  the  question.  The  designet' 
must  then  resort  to  the  cut  and  try  method  outlined  above  for  the  determination  of  the  weight  of  the  trusses. 

136.  "Wind  Loads. — The  maximum  wind  load  to  be  carried  by  a  roof  has  been  determined^ 
by  experiment  and  by  observation  of  the  results  of  severe  wind  storms.  Experiments  show  thai 
the  pressure  on  a  plane  surface  normal  to  the  direction  of  the  wind  varies  approximatelj''  with 
the  square  of  the  wind  velocity.  From  experiments  made  at  Mt.  Washington  in  1890,  Prof. 
Marvin  derived  the  formula'- 

P  =  0.004  72 

where  V  =  velocity  of  wind  in  miles  per  hour,  and  P  =  pressure  in  pounds  per  sq.  ft.  Late) 
experiments  made  at  the  Eiffel  Tower  and  at  the  National  Physical  Laboratorj^  of  Englanc 
gave  results  in  close  agreement,  but  with  somewhat  smaller  values  than  obtained  b}^  Prof 
Marvin.     The  observed  values  are  expressed  bj'  the  formula 

P  =  0.0032 1^2 

It  was  found  by  observation  that  the  pressure  varied  greatly  over  a  large  area,  due  to  th( 
variable  character  of  the  wind.  During  the  erection  of  the  Forth  Bridge,  Sir  Benjamin  Bakei 
found  that  the  ratio  of  unit  pressure  upon  an  area  of  IJ-'i  sq.  ft.  to  that  on  an  area  of  300  sq.  ft 
varied  from  1.3  to  2.5,  averaging  1.5.  During  a  seven  year  period  the  maximum  observed  pres- 
sure on  the  smaller  area  was  41  lb.  per  sq.  ft. ;  while  that  on  the  larger  area  was  27  Ib.- 

No  measurements  have  been  made  of  wind  pressures  during  tornadoes.  Damage  resulting 
to  structures  during  the  St.  Louis  tornado  of  1896  indicated  that  there  must  have  been  a  pressure 
of  60  lb.  per  sq.  ft.  on  a  length  of  180  ft.'  A  study  of  the  effects  of  tornadoes  made  by  C.  Shalei 
Smith  and  others  leads  to  the  conclusion  that  the  maximum  wind  pressures  are  exerted  over  a 
comparativelj'  small  width,  and  that  pressures  exceeding  30  lb.  per  sq.  ft.  are  not  likely  to  extend 
over  a  width  exceeding  60  ft.  ■* 

A  study  of  the  above  data  indicates  that  a  maximum  pressure  of  30  lb.  per  sq.  ft.  is  ample 
for  structures  in  an  exposed  position.  For  structures  in  a  protected  position,  20  to  25  lb.  pei 
sq.  ft.  is  ample. 

The  results  quoted  above  are  for  surfaces  perpendicular  to  the  direction  of  the  wind,  which 
is  assumed  as  horizontal.     In  the  case  of  roof  trusses,  the  roof  surface  is  usually  inclined  to  thel 
horizontal,  and  therefore  to  the  direction  of  the  wind.     It  is  usually  assumed  that  the  resultantj 
pressure  of  the  wind  is  entirely  normal  to  the  roof  surface.     This  assumption  is  reasonable,  [ 
since  the  friction  of  the  air  on  comparatively  smooth  surfaces  is  very  small.     The  component  of 
wind  pressure  parallel  to  the  roof  can  then  be  neglected  without  sensible  error.  j 

»  Eng.  News,  I>ec.  1.3,  1890.  ^  Trans.  Am.  Soc.  C.  E.,  Vol.  XXXVII,  p.  221.  i 

=*  Engineering.  Feb.  28,  1890.  *  Trans.  Am.  Soc.  C.  E.,  Vol.  LIV,  p.  37. 
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The  pressure  on  surfaces  inclined  to  the  direction  of  the  wind  has  been  determined  by  experiment.  Experi- 
ments made  in  1829  by  Col.  Duchemin,  a  French  army  officer,  are  the  basis  of  the  Duchemin  formula,  which  is 
considered  to  give  the  most  reliable  results  and  to  represent  the  best  knowledge  on 
the  subject.     The  Duchemin  formula  is 

p„  =  p   2  sin  « 
1  +  sin^  a 

where  P  =  unit  pressure  in  lb.  per  sq.  ft.  on  a  surface  perpendicular  to  the  direction  of 
the  wind,  Pn  =  component  of  pressure  normal  to  the  roof,  and  a  =  angle  which  the 
inclined  surface  makes  with  the  direction  of  the  wind.  The  vertical  and  horizontal 
components  of  Pn,  shown  in  Fig.  155,  are  given  by  the  formulas 


Fig.  155. 


Ph 


2  sin2  a 


and 


Pv  =  P 


2  sin  a  cos  a 


1  +sin2a  "  "  '        "      1  +  sin  2  a 

where  Pa  and  Pv  are  respectively  the  horizontal  and  vertical  components  of  the  unit  pressure.     Table  7  gives 
values  of  Pn  for  various  angles. 

Table  7. — Wind  Load  in  Pounds  per  Square  Foot  of  Roof  Surface 


Inclination 

Normal  pressure,  Pn 

P  =  30  lb. 

P  =  20  lb. 

5° 

5.1 

3.4 

10° 

10.1 

6.7 

15° 

14   6 

9.7 

21°  48'  5"  (}i  pitch) 

19.8 

13.1 

26°  33'  54"  (  >4pitch) 

?,?.  4 

14  9 

30° 

24.0 

16.0 

33°  41'  24"  (}4  pitch) 

25.5 

17  0 

45°    (>i  pitch) 

28.3 

18.9 

60° 

29.7 

19.8 

90° 

30  0 

20.0 

Experiments  made  on  small  scale  models  of  buildings  indicate  that  the  action  ot  the  wind  causes  a  suction  on  the 
leeward  side  of  the  builaing  in  addition  to  the  pressure  on  the  windward  side.  An  account  of  these  experiments  will 
be  found  in  the  Proc.  Inst.  Civ.  Engrs.,  Vol.  CLVI,  p.  78,  Vol.  CLXXI,  p.  175;  and  in  the  Journ.  Western  Sec. 
Engrs.,  Feb.,  1911,  Apr.  and  Dec,  1912.  While  this  suction  undoubtedly  exists,  as  shown  by  the  bursting  effect  of 
tornadoes,  it  is  difficult  to  formulate  a  set  of  practical  conditions  to  be  used  as  a  basis  for  designing.  The  expenments 
quoted  above  were  made  on  small  models,  closed  on  the  leeward  side.  Open  windows  on  the  leeward  side  of  a  shop 
building,  or  monitors  ar  the  ridge,  will  relieve  all  or  a  part  of  the  pressure  due  to  suction.  This  action  should  be 
recognized  and  provided  for  to  the  extent  of  making  all  members  capable  of  resisting  a  reversal  of  stress,  and 
by  providing  proper  anchorage  of  trusses. 

136.  Snow  Loads. — The  snow  load  to  be  carried  by  a  roof  truss  is  a  variable  quantity, 
depending  upon  the  slope  of  the  roof,  the  latitude,  and  the  humidity.  Dry  freshly  fallen  snow 
weighs  about  8  lb.  per  cu.  ft.,  and  may  attain  a  depth  of  3  ft.  on  flat  roofs.  Packed  or  wet 
snow  weighs  about  12  lb.  per  cu.  ft.,  but  seldom  will  be  found  at  greater  depths  than  18  in. 

Table  8  gives  snow  loads  for  various  latitudes  and  roof  pitches. 

Table  8. — Snow  Loads  for  Roof  Trusses 
(Pounds  per  sq.  ft.  of  roof  surface) 


Location 

Pitch  of  roof 

yi 

>^ 

H 

H 

Flat 

Southern  States  and  Pacific  Slope 

Central  States 

*   t 

0-0 

0-5 

0-10 

0-10 

0-12 

*     t 
0-5 
7-10 
10-15 
10-15 
12-18 

*     t 
0-5 
15-20 
20-25 
20-25 
25-30 

5 
22 
27 
35 
37 

5 
30 
35 
40 
45 

New  England  States 

For  slate,  tile,  or  metal  roofs,     t  For  shingle  roofs. 
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137.  Combinations  of  Loads. — The  proper  combination  of  wind  and  snow  load  to  be  used 
with  the  dead  load  for  the  determination  of  the  maximum  stresses  in  the  members  of  a  truss  is 
largely  a  matter  of  judgment  on  the  part  of  the  designer.  It  is  generally  assumed  that  the  wind 
pressure  acts  normal  to  the  windward  surface  of  the  roof,  there  being  no  pressure  on  the  leeward 
surface.  The  unit  pressure  on  a  vertical  surface  is  generally  taken  at  30  lb.  per  sq.  ft.  for  exposed 
structures  and  at  20  lb.  per  sq.  ft.  for  sheltered  structures.  Pressures  on  inclined  surfaces  are 
usually  determined  by  the  Duchemin  formula  for  which  values  are  given  in  Table  7  of  Art.  135. 
The  snow  loads  are  given  by  Table  8  of  Art.  136. 

Some  designers  assume  that  the  maximum  stresses  in  a  roof  truss  are  due  to  the  dead  load 
and  a  combination  of  the  full  wind  and  snow  loads  acting  at  the  same  time.  This  does  not  seem 
to  be  a  reasonable  assumption,  for  it  implies  that  the  snow  remains  undisturbed  under  a  wind 
velocity  of  100  miles  per  hour.  A  wind  storm  of  this  intensity  would  blow  all  of  the  snow  off 
a  roof  as  fast  as  it  falls. 

Wet  snow  or  sleet  is  likely  to  adhere  to  the  roof  surface  even  in  a  high  wind,  but  the  depth 
of  such  a  deposit  will  seldom  be  greater  than  one-half  of  the  probable  maximum  for  that  region. 
It  would  then  seem  best  to  provide  for  the  maximum  wind  load  and  a  snow  load  equal  to  one-hali 
the  value  given  in  Table  8.  In  some  cases  the  minimum  snow  is  assumed  to  be  10  lb.  per  sq. 
ft.  of  roof  for  all  slopes.  To  provide  for  the  condition  that  a  heavy  snow  storm  may  be  accom- 
panied by  a  light  wind,  it  is  sometimes  specified  that  the  maximum  snow  load  shall  be  combined 
with  a  wind  pressure  of  such  intensity  that  the  snow  load  will  not  be  disturbed.  This  wind 
pressure  is  estimated  at  from  3-3  to  }<2  of  the  maximum  wind  pressure. 

Other  designers  assume  that  the  snow  load  exists  only  on  the  leeward  surface  of  the  truss 
in  combining  wind  and  snow  loads.  This  assumption  does  not  seem  reasonable,  as  eddy  cur- 
rents are  set  up  on  the  leeward  surface  of  the  truss  due  to  the  reduction  of  pressure  cau.sed 
by  the  wind  blowing  over  the  top  of  the  roof.  These  currents  of  air  tend  to  clear  the  leeward: 
surface  of  all  snow. 

The  combinations  of  loading  which  seem  to  be  most  reasonable,  and  to  approximate  actual 
conditions  are: 

(a)  Dead  load  and  maximum  snow  load. 

(b)  Dead  load,  maximum  wind  load,  and  one-half  the  snow  load  or  a  minimum  snow  load 
of  10  lb.  per  sq.  ft.  of  roof. 

(c)  Dead  load,  one-half  or  one-third  wind  load,  and  maximum  snow  load. 

The  stress  to  be  used  in  the  design  of  the  member  is  the  greatest  obtained  from  these  combi- 
nations. In  a  region  of  moderate  snow  fall  it  will  be  found  that  the  stresses  obtained  for  (b)  and  j 
(c)  are  practically  equal  for  trusses  of  the  type  of  Fig.  144.  For  very  large  roofs  of  varying 
slopes  both  combinations  must  be  tried  out  to  determine  the  maximum  stress.  Where  a 
heavy  snow  fall  occurs,  as  in  the  far  North,  it  is  very  likely  that  cases  (a)  or  (c)  will  give  the 
maximum   stress. 

It  has  been  found  that  for  simple  roof  trusses  of  the  type  shown  in  Fig.  144  resting  on 
masonry  walls,  the  maximum  stresses  due  to  wind  and  snow  loading  for  cases  (6)  and  (c)  do 
not  differ  materially  from  those  determined  for  a  uniform  vertical  load  over  the  entire  roof 
surface.  The  great  advantage  of  such  a  method,  for  the  cases  to  which  it  will  apply,  is  the 
ease  with  which  the  stresses  can  be  determined.  By  means  of  the  tables  of  stress  coefficients 
given  in  the  chapter  which  follows,  the  time  spent  in  stress  calculation  can  be  reduced  greatly. 

Before  this  short  cut  method  of  stress  calculation  is  applied  to  the  determination  of  the  stresses  iu  a  given  truss, 
it  is  necessary  to  know  the  limitations  of  the  method.  Comparative  stress  calculations  made  by  the  uniform 
vertical  load  method  and  by  the  normal  wind  load  method  for  trusses  of  the  Fink,  Pratt,  and  Howe  type,  as  shown 
in  Figs.  144(a)  to  (k)  incl.,  and  (p)  show  that  for  wind  effect  only,  the  first  method  of  calculation  gives  chord  stresses 
which  are  greater  than  those  obtained  by  the  second  method,  while  the  second  method  gives  stresses  in  some  of  the 
interior  members  which  are  greater  than  those  obtained  by  the  first  method.  In  no  case  was  a  reversal  of  stress 
found  to  occur.  Since  the  stresses  due  to  wind  form  from  Vi  to  J-2  of  the  total  stress  in  the  members,  it  was  found 
that  when  the  combined  effect  of  the  dead,  snow,  and  wind  loads  was  considered,  the  total  stresses  obtained  by  the 
two  methods  were  close  enough  for  all  practical  purposes. 

One  of  the  important  points  in  a  short  cut  method  of  this  nature  is  the  selection  of  the  proper  equivalent 
uniform  load  to  be  used.  This  is  a  matter  on  which  the  designer  must  use  his  judgment.  Before  deciding  on  the 
load  to  be  used,  the  designer  should  make  a  study  of  the  case  in  hana.      By  trial  an  equivalent  load  can  be  deter- 
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mined  which  will  answer  the  conditions.     This  load  will  differ  for  trusses  of  different  types,  a  point  which  must  be 
checked  up  by  the  designer.     Table  9  gives  values  of  combined  wind  and  snow  loads. 

Table  9. — Combined  Wind  and  Snow  Loads  for  Roof  Trusses 
(Pounds  per  sq.  ft.  of  roof  surface) 


Location 


Pitch  of  roof 


K 


>i  H 


Flat 


Northwest  States 

New  England  States 

Rocky  Mountain  States.  .  .  . 

Central  States 

Southern  and  Pacific  States 


30 
30 
30 
30 
30 


30 
30 
30 
30 
30 


25 
25 
25 
25 
25 


30 
25 
25 
25 


37 
35 
27 
22 
22 


45 
40 
35 
30 
20 


A  point  which  comes  up  in  the  determination  of  the  areas  of  the  sections  for  the  members  of  a  roof  truss  is  the 
working  stresses  to  be  used  for  the  different  kinds  of  loadings.  Most  designers  determine  the  maximum  stresses  by 
either  of  the  methods  mentioned  above  and  apply  the  same  working  stresses  for  all  loadings. 

In  deciding  this  point,  it  should  be  noted  that  the  loads  carried  by  a  roof  truss  differ  in  nature.  Thus  the  dead 
load  is  always  present,  and  must  be  included  in  all  combinations  of  loading.  The  snow  load  is  not  always  present, 
but  when  present,  it  can  be  expected  to  exist  for  a  considerable  time.  For  loads  of  the  character  of  the  dead  and 
snow  loads,  which  may  be  considered  as  permanent  loads,  the  allowable  working  stresses  as  specified,  should  be  used. 
The  wind  load,  on  the  other  hand,  is  quite  variable  in  nature.  From  the  values  given  in  Art.  135,  the  specified 
wind  load  of  30  lb.  per  sq.  ft.  is  due  to  a  wind  velocity  of  about  100  miles  per  hour.  Such  a  wind  pressure  is  then  an 
a  extreme  condition  which  is  encountered  but  few  times  in  the  life  of  a  structure,  and  then  only  for  very  short  intervals 
of  time.  Maximum  wind  pressure  can  then  be  classed  as  an  occasional  loading,  and  the  working  stresses  modified 
accordingly.  This  point  has  been  discussed  by  R.  Fleming  in  an  excellent  series  of  articles  on  "Wind  Stresses."' 
He  recommends  that  the  working  stresses  for  wind  loads,  when  combined  with  dead  and  snow  loads,  be  increased 
50%.  This  is  done  by  decreasing  the  intensity  of  the  unit  wind  pressu'-e  by  J-i,  and  applying  the  same  working 
stresses  as  for  the  dead  and  snow  loads.  Further  discussion  of  this  question  will  be  found  in  the  chapters  on  steel 
roof  truss  design. 


ROOF  TRUSSES— STRESS  DATA 
By  W.  S.  Kinne 

138.  Stress  Coefficients. — Where  the  stresses  are  to  be  calculated  for  a  great  many  struc- 
tl«  tures,  in  which  the  type  of  truss  and  the  character  of  loading  are  exactly  the  same,  the  time 
spent  in  stress  calculation  can  be  reduced  greatly  by  the  use  of  stress  coefficients.  A  type  of 
structure  to  which  the  calculation  of  stresses  by  coefficients  is  readily  adapted  is  the  roof  truss, 
for  which  in  general  the  applied  loads  consist  of  equal  panel  loads  placed  at  the  panel  points  of 
the  truss.  Since  in  general  it  is  possible  to  arrange  the  calculations  so  that  the  only  variable 
is  the  amount  of  the  equal  applied  loads,  which  for  convenience  are  taken  as  unit  loads,  the 
stresses  in  all  members  of  the  truss  can  be  expressed  as  a  function  of  the  form  of  the  truss  and 
the  position  of  the  loads.  This  factor  is  known  as  a  stress  coefficient.  If  then,  the  panel  loads 
are  determined,  subject  to  conditions  depending  upon  the  size  of  the  truss  and  the  intensity  of 
the  applied  loads,  the  stress  in  any  member  is  obtained  by  multiplying  the  actual  panel  load  by 
the  stress  coefficient  for  the  member  in  question. 

In  the  present  chapter,  tables  of  stress  coefficients  have  been  worked  out  for  some  of  the 
standard  forms  of  roof  trusses.  A  general  formula  is  given  by  which  the  stress  coefficient  for 
any  member  is  expressed  in  terms  of  the  form  of  the  truss.  Special  numerical  values  of  these 
coefficients  have  been  calculated  and  are  tabulated  for  a  few  of  the  pitch  ratios  generally  used 
in  practice.  A  more  complete  discussion  of  the  conditions  to  which  the  tables  apply  will  be 
jiven  in  the  following  articles. 
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The  numerical  values  of  the  stress  coefficients  given  in  the  tables  at  the  end  of  this  chapter  have  been  expressed 
to  three  significant  figures.  Therefore,  all  stresses  calculated  from  these  tables  are  accurate  only  to  three  signifi- 
cant figures.  For  example:  Suppose  that  the  panel  load  for  a  given  truss,  calculated  by  the  methods  given  in  the 
chapters  on  the  "Detailed  Design  of  Roof  Trusses"  is  3,520  lb.,  and  suppose  that  the  stress  coefficient  for  the  member 
whose  stress  is  desired  is  4.52.  Assuming  three  figure  accuracy,  the  stress  in  the  member  is  3,520  X  4.52  =  15,900 
lb.  It  is  of  course  possible  to  multiply  out  these  quantities,  obtaining  the  result,  3,520  X  4.52  =  15,910.40  lb. 
But  since  in  calculating  the  coefficients  we  retain  only  three  significant  figures,  the  coefficient  4.52  may  mean  any- 
thing from  4.515  to  4.525,  and  the  corresponding  products  will  be  3,520  X  4.515  =  15,892.80,  and  3,520  X  4.525  = 
15,928.00.  However,  as  the  original  data  is  accurate  only  to  three  places,  it  is  quite  evident  that  the  result  of  any 
manipulation  of  these  data  can  be  accurate  only  to  the  same  number  of  places.  If  we  decide  to  retain  only  three 
significant  figures  in  the  above  multiplications,  we  proceed  to  discard  any  figures  in  the  fourth  place  below  a  five, 
and  retain  any  figure  in  the  fourth  place  above  the  five  by  changing  the  third  significant  figure  to  the  next  higher 
number.  Thus  in  each  case  the  result  is  found  to  be  15,900  lb.  It  will  be  noted  that  in  each  case  the  change  made 
is  less  than  1%  of  the  result.  From  an  examination  of  the  design  tables  given  in  the  chapters  on  the  "Detailed 
Design  of  Roof  Trusses"  it  can  be  seen  that  stresses  obtained  with  this  degree  of  accuracy  are  close  enough  for 
all  designing  conditions. 

If  the  designer  desires  more  accurate  results,  he  can  make  the  proper  substitutions  in  the  general  formulas  fol 
the  stress  coefficients,  retaining  the  desired  number  of  significant  figures. 

139.  Arrangement  of  Tables  of  Stress  Coefficients — Notation  Adopted. — The  tables  of 
stress  coefficients  given  at  the  end  of  this  chapter  have  been  made  up  for  some  of  the  standard 
forms  of  roof  trusses  of  the  type  shown  in  Fig.  144,  p.  461.  In  each  of  these  tables,  a  truss  dia- 
gram shows  the  form  of  the  truss  and  the  position  of  the  appUed  loads.  Each  member  of  the 
truss  is  represented  by  a  number,  which  is  placed  on  the  truss  diagram.  Bj^  locating  the  mem- 
ber whose  stress  is  desired,  its  reference  number  can  be  determined,  and  by  looking  up  this ; 
reference  number  in  the  table,  the  stress  in  the  member  can  be  determined.  WTiere  severaJ 
members  have  equal  stresses,  the  same  reference  number  has  been  used. 

Two  methods  have  been  used  to  indicate  the  kind  of  stress  in  the  members.  One  methodi 
indicates  the  character  of  the  st^-ess  by  the  weight  of  the  lines  used  in  the  loading  diagram  at  thei 
head  of  each  table.  Heavy  lines  denote  compression,  light  lines  denote  tension,  and  dotted 
lines  denote  zero  stress.  The  other  method  indicates  the  character  of  the  stress  by  means  ol 
the  sign  used  with  the  numerical  value  of  the  stress  coefficient.  A  plus  sign  is  used  to  indi-n 
cate  tension,  and  a  minus  sign  is  used  to  indicate  compression.  There  are  a  few  members  in 
the  trusses  of  Tables  27  and  28  for  which  a  reversal  of  stress  occurs.  In  such  cases  the  sign 
given  with  the  stress  coefficient  must  be  used  to  obtain  the  character  of  the  stress. 

In  deriving  the  stress  coefficients,  it  was  found  convenient  to  express  them  in  terms  of  the  ratio  of  span  lengtfc 

to  height  of  truss  at  the  span  center.     The  resulting  ratio,  which  is  denoted  by  n,  is  given  by  the  expression  n   = 

l/h,  where  I  =  span  length  and  h  =  height  of  truss.     It  will  be  noted  that  this  ratio  is  the  reciprocal  of  the  pitch  ol 

the  truss,  as  defined  in  the  chapter  on  "Roof  Trusses — General  Design."     In  calculating  the  numerical  values  of  thei 

stress  coefficients,  substitutions  were  made  in  the  general  formulas  for  the  pitch  ratios  in  general  use.     If  values  fw 

other  pitch  ratios  are  desired,  they  can  be  obtained  by  interpolation  from  the  values  given  in  the  tables,  or  they  can  [^ 

be  calculated  directly  from  the  general  formulas.  _ 

HE 

140.  Stress  Coefficients  for  Vertical  Loading. — Tables  1  to  26  give  stress  coefficients  due  '•^^ 
to  vertical  loading  for  several  of  the  tj'pes  of  trusses  commonlj^  used  for  roofs.     Two  general  •■* 
cases  will  be  considered:  (a)  equal  loads  applied  at  all  top  chord  panel  points,  kno^^'n  also  aa  *^ 
roof  loads;  and   (b)  equal  loads  applied  at  all  lower  chord  points,  knoANTi  also  as  ceiling  loads. 
These  cases  will  be  discussed  separately. 

140o.  Roof  Loads. — Tables  1  to  17  give  stress  coefficients  for  Fink,  Fan,  Pratt, 
and  Howe  trusses  of  various  numbers  of  panels  due  to  equal  vertical  loads  applied  at  the  top 
chord  points.  Tables  15,  16,  and  17  are  for  Fink  trusses  for  which  the  lower  chord  has  been 
cambered  for  the  sake  of  appearance  This  introduces  another  variable,  A-,  by  means  ol  which 
the  rise  of  the  lower  chord  member  is  expressed  as  a  fractional  part  of  the  lieight  of  the  truss. 
Numerical  values  of  the  stress  coefficients  have  been  calculated  for  the  usual  values  of  n  and 
for  three  values  of  k. 

1406.  Ceiling  Loads. — Where  the  top  and  bottom  chord  panel  points  lie  on  thft 
same  vertical  line,  as  in  the  Pratt  trusses  of  Tables  7  to  10  and  the  Howe  trusses  of  Tables  11  to 
14,  stress  coefficients  for  panel  loads  applied  at  the  lower  chord  points  can  be  obtained  from  thos« 
given  for  roof  loads  by  the  application  of  a  simple  rule.     This  rule  is  as  follows:  Stress  coeffif 


I 
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cients  due  to  ceiling  loads  for  all  members  in  Pratt  and  Howe  trusses,  except  verticals,  are  the 
same  as  given  in  Tables  7  to  14  for  roof  loads.  Stress  coefficients  for  stresses  in  vertical  mem- 
bers due  to  ceiling  loads  can  be  obtained  from  the  values  given  in  Tables  7  to  14  by  adding  + 1 
(algebraic  addition)  to  the  stress  coefficients  for  roof  loads.  By  adding  -fl  algebraically,  the 
sign  of  the  result  Avill  indicate  the  character  of  stress  in  the  vertical  ( +  =  tension,  —  =  compres- 
sion) and  the  numerical  value  will  give  the  amount  of  the  stress. 

As  an  example  of  the  application  of  this  rule,  suppose  that  the  stress  coefficients  are  desired  for  the  vertical 
members  of  the  Howe  truss  of  Table  12.     Note  that  the  stresses  in  vertical  members  are  independent  of  the  value  of 

Applying  the  above  rule  to  member  6,  the  stress  coefficient  for  a  ceiling  load  is  0  +  1  =  +  1,  or  a  tension  of 
1,  as  indicated  by  the  plus  sign.    Likewise  for  member  7  we  have  +  1  +  (J-S  =   +  1.5,  or  a  tension  of  1.5. 

Applying  the  same  rule  to  the  Pratt  truss  of  Table  8,  the  stress  coefficient  for  member  3  due  to  ceiling  loads  is 
+  1  —  1  =  0,  or  zero  stress.  For  member  4  we  have  —  1.50  +  1.00  =  —  0.50,  or  a  compression  of  0.50.  For 
member  10,  we  have  0  +  1.0  =  1.0,  or  a  tension  of  1. 

The  rule  given  above  does  not  apply  to  the  trusses  of  Tables  1  to  6  and  15  to  17.  Special 
tables  of  stress  coefficients  for  ceiling  loads  are  given  for  these  trusses  in  Tables  18  to  26.  Tables 
18  to  21  are  for  unsymmetrical  loads  such  as  lines  of  shafting,  heavy  pipe  lines,  or  machinery 
loads.  Tables  22  and  23  are  for  symmetrical  loads,  such  as  ceiling  or  floor  loads,  and  can  be 
made  to  include  the  weight  of  purlins,  floor  or  ceihng  joist,  floor  and  ceiling  loads,  and  live  loads 
ipplied  to  an  attic  floor. 

If  stresses  are  desired  for  all  lower  chord  points  loaded,  the  stresses  calculated  for  the  partial 
cads,  as  given  by  Tables  22  and  23  can  be  added 
iiO  obtain  the  total  stresses.  It  will  usually  be 
'ound  that  stress  calculations  can  be  made  by  this 
arocess  in  less  time  than  is  required  by  the  graph- 
cal  methods  given  in  Sect.  1. 

Tables  24  to  26  for  a  cambered  Fink  truss 
ire  similar  to  Tables  21  to  23  for  the  straight 
jhord  Fink  truss. 

141.  Stress  Coefficients  for  Wind  Loads. — In 

the  discussion  in  Art.  135,  it  was  pointed  out  that 

'or  trusses  of  the  Fink,  Fan,  Pratt,  and  Howe  type,    Case  IH  Both  ends  free,  Ka^R. 

ivind   stresses    calculated    for    a    vertical    loading  ^ 

epresent  tairly  well  the  effect  of  wind  loads.     The  _^ 

stress  coefficients  of  Tables  1  to  17  can  be  used  for 

his  assumed  wind  loading. 

In  case  a  more  exact  determination  of  wind    '^°^  ^  ^"'"'^  ^"^^  ^'}1!^^j  Reactions  normal  to 

roof  surface 


Case  I  Left  end  fixed.  Rig W  end  free . 
Dinett/on  of  ma  ' 


Case  II  Left  end  free,  Rghf  end  fixed 


Rflf,  sin  9  ' 


Fig.   156.- 


Assumed  reaction  conditions  for  wind 
load  stresses. 


itresses   is    desired,   stress   coefficients  have    been 

vorked   out  for  Fink  and  Howe  trusses  for  wind 

cads  applied  normal  to  the  windward  roof  surface. 

5ince  wind  loads  acting  normal  to  the  roof  surface 

ause  reactions  which  have  horizontal  components, 

;he  stress  will  depend  upn  the  conditions  at  the 

joints  of    support.     Fig.  156  shows  the  conditions  assumed  at  the  supports.     Cases  I,  II,  and 

.II  are  intended  to  represent  conditions  in  steel  trusses,  where  provision  for  expansion  due  to 

emperature  changes   must  be  made  at  the  walls.     Three  common  assumptions  are  shown  in 

^Hg.  156.      It  will  be  noted  that  these  assumptions  affect  the  stresses  in  the  lower  chord  mem- 

)er  only,  and  the  tabulation  of  stress  coefficients  is  arranged  accordingly.     Case  IV  represents 

onditions  in  small  steel  trusses,  and  in  all  spans  of  wooden  trusses,  for  in  these  spans  expan- 

ion  due  to  temperature  need  not  be  considered. 
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Table  1. — Stress  Coefficients — Fink  Truss 

n 
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Member 

General  formula 

Value  of  n 

3 

e  =  33°  -  41' 

2v'3 
e  =  30° 

4 
9  =  20°  -  34' 

5 

e  =  21°  -  48' 

6 
0  =  18°  -  25' 

1 

-HWN 

-2.70 

-3.00 

-3.35 

-4.04 

-4.74 

2 

W 

-2.15 

-2.50 

-2.91 

-3. 07 

-4.43 

3 

N 

-0.832 

-0.866 

-0.894 

-0.929 

-0.949 

4 

+  }4Wn 

+  0.750       . 

+  0.868 

+  1.00 

+  1.25 

+  1.50 

5 

+  HW71 

+  2.25 

+  2.60 

+  3.00 

+  3.75 

+  4.50 

6 

^-^iWn 

+  1.50 

+  1.73 

+  2.00 

+  2.50 

+  3.00 

+   =  tension 


—   =  compression 
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-Compound  Fink  Truss 

"i    ■ 

1 

r\K 

1 

.  \/ 

\k\ 

-n 

<                      t-span 

- 

Member 

General 
formula 

Value  of  n 

; 

3 
e  =  33°  -  41' 

2V3 

e  =  30° 

4 
e  =  26°  -  34' 

5 
8  =  21°  -  48' 

6 

e  =  18°-26' 

- 

1 

.  -J-iTFiV 

-6.31 

-7.00 

-7.83 

-9.42 

-11.07 

2 

-^(7iV^  -  8) 

-5.76 

-6.50              -7.38                    -9.05 

-10.75 

3 

-^(7JV'-16) 

-5.20 

-6.00 

-6.93 

-8.68 

-10.43 

- 

4 

-^(77.-24 

-4.65 

-5.50 

-6.48 

-8.31 

-10.12 

~ 

5 

-^^ 

-0.832 

-0.866 

-0.894 

-0.929 

-0.949 

6 

-^^^ 

-1.66 

-1.73 

-1.79 

-1.86 

-1.90 

7 

+  MFn 

+  0.750 

+  0.868 

+  1.00 

+  1.25 

+  1.50 

8 

+  >2lFn 

+  1.50 

+  1.73 

+  2.00 

+  2.50 

+  3.00 

9 

+  ?4n''n 

+  2.25 

+  2.60             +3.00 

+  3.75 

+  4.50 

10 

+  KR'n 

+  5.25 

+  6.07 

+  7.00 

+  8.75 

+  10.. 50 

11 

+  ^2^'" 

+4.50 

+  5.20 

+  6.00 

+  7.50 

+  9.00 

12 

+  Wn 

+3.00 

+  3.46 

+  4.00 

+  5.00 

+  6.00 

+  =  ten 

sion 

—   =  c 

ompression 
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Table  3. — Stress  Coefficients — Compound  Fink  Truss 
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/>-# 


I'   Q=(n'i-IOO^ 


Member 

General 
formula 

Value  of  n 

3 

0  =  33°  -  41' 

2^3 

e  =  30° 

4 
9  =  26°  -  34' 

5 
9  =  21°  -  48' 

6 
e  =   18°-26' 

1 

-y^WN 

-8.11 

-9.00 

-10.06 

-12.12 

-14.21 

2 

-7.55 

-8.50 

-9.62 

-11.75 

-13.91 

3 

-Mo^(37n2  +  100) 

-6.00 

-6.80 

-7.74 

-9.52 

-11.31 

4 

-Ji^(3n=  +  4) 

-6.44 

-7.50 

-8.72 

-11.00 

-13.28 

5 

->i^(9n=  +  4) 

-5.88 

-7.00 

-8.28 

-10.63 

-12.98 

6 

'^\ 

-0.832 

-0.866 

-0.894 

-0.929 

-0.949 

"  '      7 

N 

-1.31 

-1.38 

-1.45 

-1.56 

-1.66 

8 

+yiWn 

+  0.750 

+  0.868 

+  1.00 

+  1.25 

+  1.50 

9 

+  HWn 

+  2.25 

+  2.60 

+3.00 

+3.75 

+  4.50 

10 

+  Wn 

+  3.00 

+  3.46 

+  4.00 

+  5.00 

+  6.00 

11 

+  %Wn 

+  6.75 

+7.79 

+9.00 

+  11.25 

+  13.50 

12 

+  2Wn 

+  6.00 

+  6.92 

+  8.00 

+  10.00 

+  12.00 

13 

+  %Wn 

+  3.75 

+  4.34 

+  5.00 

+  6.25 

+  7.50 

+  =  tension 


—   =  compression 
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Table  4. — Stress  Coefficients — Fink  Truss  With  Verticals 


N.(n'i-4)' 
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Member 


General 
formula 


Value  of 


3 

33° 


41' 


2%/3 

0  =  30° 


0  =  26° 


34' 


e  =  21°  -  48' 


=  18°  -  26' 


-7iWN 


-7.00 


-7.83 


- 1 1 . 07 


W 


•1.00 


1.00 


-1.00 


1.00 


-1.00 


-2W 


-2.00 


-2.00 


+  HWM 


+  1.25 


+  1.32 


+  1.41 


+  1.60 


+  1.80 


+  }.iWn 


+  0.750 


+  0.868 


+  1.00 


+  1.25 


+  1.50 


+  }^iWM 


-{-y^wM 


+  2.50 


+  2.64 


+  2.82 


+  3.75 


+  3.96 


+  4.23 


+  3.20 


+  4.80 


+  3.60 


+  5.40 


+  7iWn 


+  5.25 


+  6.07 


+  7.00 


+  8.75 


+  10.50 


+  HWn 


+  4.50 


+  5.20 


+  6.00 


+  7.50 


+  9.00 


10 


+  TFn 


+  3.00 


+  3.46 


+  4.00 


+  5.00 


+  6.00 


+  =  tension 


—  =  compression 
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Table  5. — Stress  Coefficients — Fan  Truss 


+  =  tension 


—   =  compression 
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Member 

General 

formula 

Value  of  n 

3 

9  =  33°  -  41' 

2V3 

e  =  30° 

4 
e  =  26°-  -  34' 

5 

0  =  21°  -  48' 

6 
e  =  18°  -  26' 

1 

-HWN 

-4.51 

-  5 .  00 

-5.59 

-6.73 

-7.91 

2 

W 
-M2]^(13iV2-  16) 

-3.54 

-4.00 

-4.55 

-5.59 

-6.64 

3 

W 
-K2^(15iV2-48) 

-3.40 

-4.00 

-4.70 

-5.99 

-7.27 

4 

-HW-(7i^  +  36)'" 

-0.930 

-1.00 

-l.OS 

-1.21 

-1.34 

5 

+  MTFn 

+  1.50 

+  1.73 

+  2.00 

+  2.50 

+  3.00 

0 

+  HWn 

+  3.75 

+  4.33 

+  5.00 

+  6.25 

+  7.50 

7 

+  HWn 

+  2.25 

+  2.60 

+  3.00 

+  3.75 

+  4.50 

il 
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-Compound  Fan  Truss 

1 

,«c& 

fN^_ 

w 

J 

,W     l,.a^^ — '^ 

\Z^^ 

Rr6W 

^                               /=  span 

■^ 

Member 

General 
formula 

Value  of  n 

3 

e  =  33°  -  41' 

2^3" 

e  =  30° 

4 
e  =  26°  -  34' 

5 
9  =  21°  -  48' 

6 
e  =  18°  -  26' 

- 

1 

-■^HWN 

-9.92 

-11.00 

-12.30 

-14.81 

-17.39 

_ 

2 

W 
-K2]^(31iV2_  16) 

-8.95 

-10.00 

-11.25 

-13.66                  -16.13 

_ 

3 

W 
-K2^(33iV2-  48) 

-8.81 

-10.00 

-11.40 

-14.07 

-16.76 

_ 

4 

W 
-yU^mm  -  72)            -8.25 

-9.50 

-10.96 

-13.70 

-16.44 

- 

5 

W 
-K2]^(31Ar2  -  88) 

-7.28 

-8.50 

-9.91 

-12.55 

-15.18 

6 

W 

-yu-j^mm-  120) 

-7.14 

-8.50 

-10.06 

-12.95 

-15.93 

7 

-yeW^(n'-  +  36)''^^ 

-0.930 

-1.00 

-1.08 

-1.21 

-1.34 

8 

Wn 

-2.50 

-2.60 

-2.68 

-2.79 

-2.85 

9 

+  }'iWn                          1          +1.50 

+  1.73 

+  2.00 

+  2.50 

+  3.00 

10 

+  UWn 

+  2.25 

+  2.60 

+  3.00 

+  3.75 

+  4.50 

11 

+  HWn 

+  3.75 

+  4.33 

+  5.00 

+  6.25 

+  7.50 

12 

+  ^HWn 

+  8.25 

+  9.53 

+  11.00 

+  13.75 

+  16.50 

13 

+nwn 

+  6.75 

+  7.79 

+  9.00 

+  11.25 

+  13.50 

14 

+  HWn 

+  4.50 

+  5.20 

+  6.00 

+  7.50 

+  9.00 

+   =  tei 

ision 

» 

=  compressic 

)n 
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Table  7. — Stress  Coefficients — Pratt  Truss — 4  Panels 


f=  span 


=   tension 


Member 

General 
formula 

Value  of  n 

3 

9  =  33°  -  41' 

2\/3" 
e  =  30° 

4 
9  =  26°  -  34' 

5 

9  =  21°  -  48' 

6 
»  =  18°  -  26' 

1 

-y4,WN 

-2.70 

-3.00 

-3.35 

-4.04 

-4.74 

2 

-W 

-1.00 

-  1 .  00                    -  1 .  00 

-1.00 

-1.00 

3 

4 

+  1.25 

+  1.32 

+  1.41 

+  1.60 

+  1.80 

4 

+  ^yiWn 

+  2.25 

+  2.60 

+  3.00 

+  3.75           j          +4.50 

5 

+  }.iWn 

+  1.50 

+  1.73 

+  2.00                    +2.50                    +3.00 

6 

0 

0 

0 

0                   0           !        0 

—    =   compression 
For  loads  on  lower  chord,  see  Art.  1406 
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Table  8. — Stress  Coefficients — Pratt  Truss — 6  Panels 

w 


485 


Member 


General 
formula 


Value  of  n 


=  33°  -  41' 


2^3 

e  =  30° 


=  26°  -  34' 


=  21°  -  48' 


=  18°  -  2G' 


-%WN 


-6.73 


-7.91 


-WN 


■6.32 


W 


1.00 


-1.00 


-1.00 


-1.00 


•.w 


-1.50 


1.50 


-1.50 


-1.50 


W  \ 

4 


+  1.25 


+  1.32 


+  1.41 


+  1.60 


+  1.80 


+  J(n2  +  36)^ 
4 


+  1.( 


+1.73 


+  1.80 


+  ^iWn 


+  3.75 


+  4.33 


+  5.00 


+ 1 . 95 ' 


+  6.25 


+  2.12 


+  7.50 


+  Wn 


+  3.00 


+  3.46 


+  4.00 


+  5.00 


+  6.00 


+  HWn 


+  2.25 


+  2.60 


+  3.00 


10 


+  3.75 


+  4.50 


+   =  tension 


—    =   compression 
For  loads  on  lower  chord  see  Art.  1406 
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Table  9. — Stress  Coefficients — Pratt  Truss — 8  Panels 


Member 


General 
formula 


^'alue  of  n 


33°  -  41' 


2V3 
9  =  30° 


e  =  26°  -  34' 


=  21°  -  48' 


6 
18°  -  26' 


'.WN 


-7.00 


-7.83 


-9.42 


-  ^2  WN 


-5.41 


■6.71 


-8.08 


-9.49 


-^iWN 


-4.51 


-  .5 .  00 


-7.91 


W 


-1.00 


-1.00 


y2w 


1.50 


-1.50 


-1.50 


-2W 


-2.00 


•2.00 


-2.00 


-2.00 


+  MW(:n^  +  16)>^ 


+  1.25 


+  1.32 


+  1.41 


l.CO 


+  1.80 


+  }^iW{rr-  +36)^^ 


+  1.68 


+  1.73 


+  1.80 


+  1.95 


+  2.12 


+  HW(n^  +  64)  J^  •    +2.14 


+  2.18 


+  2.24 


+  2.36 


+  2.50 


10 


+  HWn 


+  5.25 


+  MWn 


+  4.50 


+  6.06 


+  7.00 


+  5.20 


+  6.00 


+  8.75 


+  7.50 


+  10.50 


+9.00 


+  ^iWn 


+  3.75 


+  4.33 


+  5.00 


+  6.25 


+  7.50 


Wn 


+  3.00 


+  3.46 


+  4.00 


+  5.00 


+  6.00 


+  =  tension 


—    =  compression 
For  loads  on  lower  chord  see  Art.  140b 


iL 
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Table  10.- 

STRUCTURAL  DATA                                                      487 
—Stress  Coefficients — Pratt  Truss — 10  Panels 

"t  1  "-1  .,          »-#    , 

l_i 

^^S 

f^ 

r    " 

;^.(/7'^4)^ 

fn^sfy          ^^ 

soan 

• 

Member 

General 
formula 

Value  of  n 

3 
9  =  33°  -  41' 

2^3 
6  =  30° 

4 
e    =26°-  .34' 

5 
e  =  21°  -  48' 

0 
e  =   18°  -  26' 

1 

-^iWN 

-8.11 

-9.00 

-10.06 

-12.12 

-14.23 

2 

-2WN 

-7.21                -8.00 

-   8.94 

-10.77 

-12.65 

3 

-HWN 

-6.31 

-7.00 

-   7.83 

-   9.42 

-  1 1 . 07 

4 

-HWN 

-5.41                -6.00 

-   6.71 

-   8.08 

-   9.49 

5 

-W 

-  1 .  00                -  1 .  00 

-    1.00 

-    1.00 

-    1.00 

6 

-HW 

-1.50 

-1.50               -    1.50 

-    1.50 

-    1.50 

7 

-2W 

-2.00                -2.00     1          -   2.00 

-   2.00 

-   2.00 

8 

-HW 

-2.50 

-2.50               -   2.50                 -   2.50 

-   2.50 

9 

+-  (n2  +  16)K 

+  1.25 

+  1.32 

+   1.41 

+  1.60 

+    1.80 

10 

+  — (n2  +  36)K 

+  1.68 

+  1.73 

+    1.80 

+   1.95 

+   2.12 

11 

+  J(n2  +  64)-'-^ 

+  2.14 

+  2.18 

+   2.24 

+   2.36 

+   2.50 

12 

+  —  (n2  +  100)3-2 

+  2.61 

+  2.65 

+   2.69 

+  2.80 

+   2.92 

13 

+  HWn 

+  6.75 

+  7.79 

+  9.00 

+  11.25 

+  13.50 

14 

+  2Wn 

+  6.00 

+  6.93 

+  8.00 

+  10.00 

+  12.00 

15 

+  KWn 

+  5.25 

+  6.06 

+   7.00 

+  8.75 

+  10.50 

16 

+  ^Wn 

+  4.50 

+  5.20 

+    6.00 

+  7.50 

+  9.00 

17 

+  ^iWn 

+  3.75 

+  4.33 

+  5.00 

+  6.25 

+  7. .50 

18 

0 

0 

0 

0 

0 

0 

+    =   te 
31 

nsion 

For  loads  on  1 

=  compres 
ower  chord 

sion 
see  Art. 

1406 
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Table  11. — Stress  Coefficients — Howe  Truss — 4  Panels 


fSec.  3-141 


>f  nI^'^4/ 


Member 

General 
formula 

Value  of  n 

3 

9  =  33°  -  41' 

2^3 
e  =  30° 

4 
9  =  26°  -  34' 

5 
e  =  21°  -  48' 

6 
e  =  18°  -  26' 

1 

-HWN 

-2.70 

-3.00 

-3.35 

-4.04 

-4.74 

2 

-ViWN 

-1.80 

-2.00 

-2.24 

-2.69 

-3.16 

3 

-yiWN 

-0.900 

-1.00 

-1.12 

-1.35 

-1.58 

4 

0 

0 

0 

0 

0 

0 

5 

+  3PF 

+  3.0 

+  3.0 

+  3.0 

+  3.0 

+  3.0 

6 

+  HWn 

+  2.25 

+  2.60 

+  3.00 

+  3.75 

+  4.50 

—    =  compression 
For  loads  on  lower  chord,  see  Art.  1406 
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Table  12.- 

STRUCTURAL  DATA                                                 489 
-Stress  Coefficients — Howe  Truss — 6  Panels 

r  J^  \  '  /  \f    ^"^"''^^^ 

Member 

General 
formula 

Value  of  n 

3 
9  =  33"  -  41' 

2-^/3 
e  =  30° 

4                               5 
d  =  26°  -  34'     e  =  21°  ^    48' 

6 
9  =  18°  -  26' 

1 

-y^WN 

1 
-4.51                 -5.00 

-5.59 

-6.73 

-7.91 

2 

-WN 

-3.61 

-4.00 

-4.47 

-5.39 

-6.32 

3 

-HWN 

-2.70 

-3.00 

-3.35 

-4.04 

-4.74 

4 

-HWN 

-0.900 

-1.00 

-1.12 

-1.35 

-1.58 

5 

-HW(n^  +  16)  H 

-1.25 

-1.32 

-1.41 

-1.60 

-1.80 

6 

0 

0 

0 

0 

0 

0 

7 

^  2 

+  0.500 

+  0.500 

+0.500 

+  0.500 

+  0.500 

8 

+  2W                                   +2.00 

+  2.00 

+  2.00 

+  2.00 

+  2.00 

9 

+  KWn 

+3.75 

+  4.33 

+  5.00 

+  6.25 

+  7.50 

10 

+  Wn 

+  3.00 

+  3.46 

+  4.00 

+  5.00 

+  6.00 

+  -  t 

ension 

For  loads  on 

lower  chord 

compression 
see  Art.  1406 
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Member 


13 


14 


Table  13. — Stress  Coefficients — Howe  Truss — 8  Panels 


General 
formule, 


-HWN 


■HWN 


-y^WN 


WN 


-  \i  WN 


-HW(,n-  +  16)  H 


-  JriWin^  +  36)}4 


+  HW 


+  W 


+  3W 


+  UWn 


+  y2Wn 


Value  of  n 


e  =  33° 


41' 


-6.31 


-3.61 


-1.68 


2^3 
e  =  30° 


4 
26° 


34' 


21°  -  48' 


18°  -  26' 


■7.00 


-7.83 


-6.71 


-5.00 


-4.00 


-1.32 


•1.73 


+  0.500 


+  0.500 


+  1.00 


+  1.00 


+  3.00 


+  5.25 


+  6.06 


+  4.50 


+  5.20 


+  HWn 


-3.75 


+  4.33 


-1.80 


+  0.500 


+  1.00 


+  3.00 


+  7.00 


+  6.00 


+  5.00 


+  =  tension 


—    =   compression 
For  loads  on  lower  chord  see  Art.  1406 


-8.08 


-9.49 


■6.73 


-7.91 


-5.39 


1.60 


-1.95 


+  0.500 


+  1.00 


+  3.00 


+  8.75 


+  7.50 


+  6.25 


-6.32 


-1.58 


+  0.500 


+  1.00 


+3.00 


+  10.50 


+  9.00 


+  7.50 
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Table  14. 



Stress  Coefficie 

NTS- 

—Howe  Truss — 10  Panels 

-t5 

J 

f                ^^ 

■ 

. 

r!'-  span 

~1 

Member 

General 
formula 

Value  of  n 

3 
e  =  33°  -  41' 

2V3 
B  =  30° 

4 
e  =  26°  -  34' 

5 

e  =  21°  -  48' 

6 
fl  =  18°  -  26' 

1 

-%WiV 

-8.11 

-9.00 

-10.06 

-12.12 

-14.23 

2 

-2WN 

-7.21 

-8.00              -8.94 

-10.77 

-12.65 

3 

-KWN 

-6.31 

-7.00 

-7.83 

-9.42 

-11.07 

4 

-  ?-i  WN 

-5.41 

-6.00 

-6.71 

-8.08 

-9.49 

5 

-HWN 

-4.51 

-5.00 

-5.59 

-6.73 

-7.91 

6 

-HWN 

-0.900 

-1.00 

-1.12 

-1.35 

-1.58 

7 

-yiW{n^+  16)  H 

-1.25 

-1.32 

-1.41 

-1.60 

-1.80 

8 

-yiW{n"-  +  36)  >^ 

-1.68 

-1.73 

-1.80 

-1.95 

-2.12 

9              -3-4  ("2  +  64)K 

-2.14 

-2.18 

-2.24 

-2.36 

-2.50 

10 

0 

0 

0 

0 

0 

0 

11 

+  1-2W 

+  0.500 

+  0.500 

+  0.500 

+  0.500 

+  0.500 

12 

+  w 

+  1.00 

+  1.00 

+  1.00 

+  1.00 

+  1.00 

13 

+  HW 

■  +1.50 

+  1.50 

+  1.50 

+  1.50 

+  1.50 

14 

+4W 

+  4.00 

+  4.00 

+  4.00 

+  4.00 

+  4.00 

15 

+  %W7l 

+  6.75 

+  7.79 

+  9.00 

+ 1 1 . 25 

+  13.50 

16 

+  2Wn 

+  6.00 

+  6.93 

+  8.00 

+  10.00 

+  12.00 

17 

+  HWn 

+  5.25 

+  6.06 

+  7.00 

+  8.75 

+  10.50 

18 

+  y2Wn 

+  4.50 

+  5.20 

+  6.00 

+  7.50 

+  9.00 

+  =  t 

ension 

For  loads  on 

lower 

chord 

3ompression 
see  Art.  1406 
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Table  15. — Stress  Coefficients — Cambered  Fink  Truss 


I 

':i    . 

r', 

f 

V 

M? 

^. 

C-^Sr-       ® 

tf^^ 

^> 

J                 /=  spor? 

' 

Mem- 
ber 

General 
formula 

k 

Value  of  n 

3 

2V3 

0  =  30° 

4 

e  =  26°-34' 

5 

e  =  21''-48' 

6 

0  =  18° -26' 

1 

N{l-2k) 

Ko 

-3.17 

-3.56 

-4.03 

-4.90 

-5.81 

H 

-3.32 

-3.75 

-4.25 

-5.20 

-6.17 

H 

-3.64 

-4.13 

-4.70 

-5.78 

-  6.89 

2 

i..^f3"'-8(l+^)l 

Na-2k) 

Ho 

-2.62 

-3.06 

-3.49 

-4.54 

-5.51 

H 

-2.77 

-3.25 

-3.80 

-4.83 

-5.85 

-3.09 

-3.63 

-4.25 

-5.41 

-6.57 

3 

Wn 

1 

-0.832 

-0.866 

-0.894 

-0.929 

-0.94© 

4 

N{\-2k){\-k) 

Ko 

+  1.08 

+  1.26 

+  1.48 

+  1.87 

+  2.26 

Vs 

+  1.20 

+  1.40            -^1.64 

+  2.08 

+  2.52 

H 

+  1.43 

+  1.69 

+  1.98 

+  2.52 

+  3.06 

5 

N(.l-2k) 

Mo 

+  2.65 

+  3.09 

+  3.62 

+  4.57 

+  5.52 

Vs 

+  2.79 

+  3.27 

+  3.83 

+  4.85 

+  5.85 

H 

+  3.07 

+  3.62 

+  4.24 

+  5.40 

+  6.56 

6 

^^'(i-/fc) 

Mo 

+  1.67 

+  1.93 

+  2.22 

+  2.78 

+  3.33 

H 

+  1.72 

+  1.98            +2.29 

+  2.86 

+  3.34 

H 

+  1.80 

+  2.08 

+  2.40 

+  3.00 

+  3.60 

+  =  tension 

-   = 

compression 

5ec.  3-Ul]  STRUCTURAL  DATA 

Table  16. — Stress  Coefficients — Cambered  Compound  Fink  Truss 


493 


iST 


n't 


H.(n'i-4)i 
DiN-l6k(hk)]i 


i_^ 


< 

^0          t   \/   ' 

> 

rf=  spar? 

Mem- 
ber 


General 
formula 


Value  of  n 


e  =  33° 


41' 


2^3 
e  =  30° 


e  =  26° 


34' 


=  21°  -  48' 


9  =  18°  -  26' 


_^^,^[n''  +  4(l  — 2fc)l 
^■*  iV(l-2yt) 


-7.39 


-8.31 


-11.46 


•13.56 


-7.79 


-8.49 


-9.63 


10.96 


13.49 


-HW 


,  [7n'^  +  20(1  -  2k)] 


N(l  -2k) 


-7.81 


-8.95 


-11.08 


-  7 .  23 


-8.25 


-9.48 


11.76 


-7.94 


9.13         -10.51 


13.11 


Ho 


-6.29 


-7.31 


-8.50 


■10.70 


16.04 


13.25 


•15.72 


12.94 


-ViW 


[7n'i-f  12(1  -  2k)] 
Nil -2k) 


-6.67 


-7.75 


-9.03 


•11.38 


-7.39 


-8.63 


-10.06 


12.74 


-13.78 


-15.40 


Ho 


-5.74 


lTn^  +  4a-2k)] 
•>*"'         N{r^2kj 


W- 


-6.11 


-6.83 


-0.832 


-6.81 


-8.05 


10.32 


12.63 


-7.25 


-8.13 


-0.866 


-8.58 


-0.894 


12.37 


-0.929 


-13.46 


-15.08 


-0.949 
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Table  16. — {Continued) 


[Sec.  3-14 


-2Tr^ 


•1.C6 


-1.73 


-1.79 


-1.86 


1.90 


+yiw 


nD 


Na-2k) 


+yiwn 


N{l-2k)il-k) 


Ko 


+  0.884  +1.030 


+  0.933 


+  1.02 


+  2.16 


+  2.40 


+  2.87 


+  1.20 


+  1.52 


+  1.09  +1.29 


+  1.62 


+  1.21 


+  2.52 


+  1.41 


+  1.80 


+2.95 


+  3.73 


+  2.80 


+  3.29 


+  3.37 


+  3.96 


+  4.15 


+  5.04 


+  1.85 


+  1.96 


+  2.19 


+  4.51 


+  5.04 


+  6.12 


12 


+  HWn 


D(3  +  k) 


Nil-2k)a-k) 


+  HW 


nD 

Nil- 2k) 


+  HW 


nD 

Na  -  2k) 


+  TF 


{l-k) 


+  3.04 


+  3.32 


+  3. 


-6.18 


+  6.54 


+  7.17 


+  5.30 


+  5.61 


+  6.15 


+  3.34 


+  3.43 


-3.60 


+  3.57 


+  4.15 


+  3.90 


+  4.58 


+7.22 


+  7.64 


+  8.44 


+  6.20 


+  6.55 


+  7.23 


+  3.85 


+  3.96 


+  4.16 


+  4.56 


+  5.37 


+  8.45 


+  8.95 


+  9.90 


+  7.25 


+  7.68 


+  8.48 


+4.44 


+  4.57 


+  4.80 


+  5.24 


+  5.76 


+  6.85 


+  10.68 


+  11.31 


+  12.61 


+  9.15 


+  9.70 


+  10.81 


+  5.55 


+  5.72 


+  6.00 


+  6.34 


+  7.00 


+  8.30 


+  12.91 


+  13.71 


+  11.09 


+  11.76 


+  13.49 


46.66 


+  6.86 


+  7.20 


-14 

Jec.  3- 

141]                                          STRUCTURAL  DATA                                                      495 
Table  17. — Stress  Coefficients — ^Cambered  Fan  Truss 

- 

■»♦'  J^v'^ 

?bi: 

Y 

D[/^-/6k(/-k^i 

1 

~- 

J. 

!^^^^^  ®     M    -~~~ 

' 

— 

■Rr3n 

^= span                    . 



Membe 

General 
formula 

k 

Value  of  7i 

- 

3 

9  =  33°  -  41' 

2^3 

e  =  30° 

4 
6»  =26°  -  34' 

5 

e  =  21°  -  48' 

6 
0  =  18°    -26' 

1 

,         [n^  +  4(1  -  2fc)l 
^•'              N{l-2k) 

Ko 

-5.28 

-5.94 

-6.71 

-8.18 

-9.70 

Vi 

-5.55 

-6.25 

-7.09 

-8.67 

-10.28 

H 

-6.06 

-6.88 

-7.83 

-9.64 

-11.46 

2 

1.^^11?^'^=  + 12(1  -2k)\ 

Mo 

-4.20 

-4.81            -5.52 

-6.83 

-8.19 

Vs 

-4.44 

-5.07 

-5.84 

-7.26 

-8.70 

'■'"             N^l-2k) 

H 

-4.89 

-5.63 

-6.48 

-8.10 

-9.70 

3 

^,^[{bn^  +  4.{\-2h)] 

Ho 

-4.17 

-4.94 

-5.81 

-7.45                  -9.07 

H 

-4.45 

-5.25 

-6.20 

-7.92 

-9.65 

'^^         NK\-2k) 

y% 

-4.96 

-5.88 

-6.93 

-8.89 

-10.81 

4 

^^Wn  [(n2  +  36(l-2fc)2]J 

Ho 

-0.981 

-1.07 

-1.17 

-1.34 

-1.52 

H 

-1.00 

-1.09 

-  1 .  20 

-1.39 

-1.58 

'"  N              (1-2/t) 

" 

H 

-1.04 

-1.15 

-1.26 

-1.49 

-1.71 

5 

+  riw''^         ^2  +  ^> 

Ho 

+  2.06 

+  2.41 

+  2.80 

+  3.56 

+  4.31 

ya 

+  2.26 

+  2.66 

+  3.10 

+  3.93 

+  4.76 

^'-^    N  a-2k)(.i-k) 

Ve 

+  2.66 

+  3.13 

+  3.67 

+  4.69 

+  5.70 

6 

+«''3vlf^ 

Ho 

+  4.42 

+  5.16 

+  6.03 

+  7.62 

+  9.22 

H 

+  4.67 

+  5.45 

+  6.39 

+  8.08 

+  9.80 

H 

+  5.12             +6.03 

+  7.07 

+  9.01 

+  10.92 

7 

+«'^a-« 

Ho 

+  2.50 

+  2.89 

+  3.34 

+  4.17 

+  5.00 

+  2.57             +2.97 

+  3.43 

+  4.28 

+  5.15 

+  2.70             +3.12 

+  3.60 

+  4.50 

+  5.40 

+  =  tension 

eompression 
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Table  18. — Stress  Coefficients — Compound  Fink  Truss 


Member 


General 
formula 


Value  of  n 


=  ZZ'  -  41' 


I  =  30' 


9  =  26°  -  34' 


9  =  21°  -  48' 


fl  =  18°  -  26' 


-HeP-,  (7n2-  4) 


1.479 


-  1 . 665 


- 1 . 889 


-2.305 


-2.720 


-HeP-  (3n2  -  4) 


-0.576 


-0.667 


-0.769 


■Vi^P 


N3 


-0.326 


-0.333 


-0.349 


-0.957 


-1.140 


-0.391 


-0.438 


■HP- 


-0.602 


-0.576 


-0.559 


-0.539 


-0.527 


+  >iP 


N^ 


+ 1 . 083 


-f  1.160 


+ 1 . 250 


+  1.450 


+ 1 . 667 


+  HP- 


+  0.542 


+  0.580 


+  0.625 


+  0.725 


+  0.833 


+  H6P 


(7n2  -  4) 


+  1.229 


+  1.442 


+ 1 . 688 


+  2.139 


+  2.585 


\r2 

+  H6P  — 


+  0.S13 


+  0.865 


+  0.936 


+ 1 . 088 


+  1.25 


ATS 
+  M6P  — 


+  0.271 


+0.288 


+  0.312 


+  0.362 


+  0.417 


VsP 


(7n2  -  4) 


0.819 


0.833 


0.844 


0.855 


0.861 


fJ2 

HP  — 


0.181 


0.167 


0.156 


0.145 


0.139 


0.181i 
0.543A 


0.167i 
0.578/1 


0.1562 
0.625/1 


0.145/ 
0.725/1 


0.139/ 
0.833/1 


+  =  tension 

Stress  is  zero  for  dotted  members. 


—  =  compression 
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/V'^i^i}^ 


Member 

General 
formula 

Value  of  n 

3 
fl  =  33°  -  41' 

2\/3 
e  =  30° 

4 
9  =  26°  -  34' 

5 

e  =  21°  -  48' 

6 
e  =  18°  -  26' 

1 

-  HP^(3n2  _  4) 
n- 

-1.152 

-1.335 

-1.538 

-1.915 

-2.228 

2 

M3 

-0.652 

-0.667 

-0.699 

-0.783 

-0.877 

3 

n 

+  1.083 

+  1.160 

+  1.250 

+  1.450 

+  1.667 

4 

n 

+0.958 

+  1.152 

+  1.372 

+  1.775 

+2.167 

5 

+  HP^ 

n 

+0.542 

+0.580 

+0.625 

+0.725 

+0.833 

R: 

,.^(3.^-4) 
n2 

0.639 

0.667 

0.688 

0.710 

0.723 

Ri 

N^ 
y^"-^^ 

0.361 

0.333 

0.312 

0.290 

0.277 

T 

7i2                n 

0.361? 
1.086/1 

0.333Z 
1.156/1 

0.312i 
1.25/1 

0.290Z 
1.45/1 

0.277Z 
1 .  667/1 

X 

M6-^(5n2  _  12) 

0.229Z 

0.250i 

0.266Z 

0.2822 

0.292Z 

+   =  tension. 

Stress  is  zero  for  dotted  members. 


=  compression. 
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Table  20.— Stress  Coefficients — Compound  Fink  Truss 


[Sec.  3-141 


Member 

General  formula 

Value  of  n 

3 
e  =  33°-  41' 

2\/3 
d  =  30° 

4 
9  =  26°  -  34' 

5 
e  =  21°  -  48' 

6 
9  =  18°-26' 

1 

-MeP  ^;(5n2  -  4) 
n- 

-1.027 

-1.165 

-1.329 

-1.630 

-  1.930 

2 

^    p  (9,.^  -  16) 

-  1.37 

-1.667 

-2.00 

-2.60 

-  3.20 

3 

-K6P~(3n=  +  4) 

112 

-0.776 

-0.832 

-0.910 

-1.065 

- 1 . 228 

4 

Nn 

-0.231 

-0.289 

-0.336 

-0.390 

-0.422 

- 

5 

n 

+0.417 

+  0.576 

+0.750 

+  1.050 

+  1.33 

6 

n 

+0.208 

+0.2SS 

+  0.375 

+0.525 

+0.667 

7 

n 

+  1.291 

+  1.44 

+  1.625 

+  1.975 

+2.333 

- 

8 

^^^^^(5n._4) 
n 

+0.855 

+  1.014 

+  1.1SS 

+  1.513 

+  1.833 

9 

n 

+0.645 

+0.720 

+0.813 

+0.988 

+  1.167 

fli 

^^(5n=-4) 
n2 

0.570 

0.5S3 

0.593 

0.605 

0.611 

Ri 

0.430 

0.417 

0.407 

0.395 

0.389 

r 

(3n2  +  4) 

0.430Z 

0.417Z 

0.407/ 

0.395/ 

0.3S9Z 

+  =  tension 

Stress  is  zero  for  dotted  members. 


—   =   compression 
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Table  21. — Stress  Coefficients — Compound  Fink  Truss 
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Member 


Value  of  n 


General  formula 


3 

33°  -  41' 


2\/3 
?  =  30° 


0  =  26°  -  34' 


=  21°  -  48' 


6 
=  18° -26' 


-  HPIV 


-0.9025 


1.00 


■1.347 


1.582 


■VMPn 


+  0.75 


+  0. 


+  1.00 


+  1.25 


+  P 


+  1.0 


+  1.0 


+  1.0 


+  1.50 


+  1.0 


Table  22. — Stress  Coefficients — Compound  Fink  Truss 


Member 


General  formula 


Value  of  « 


33°  -  41' 


2V3 
Q  =  30° 


26°  -  34' 


5 
=  21° 


18°  -  26' 


-MPN 


■  1 . 805 


-2.00 


-2.235 


-MPN 


-0.903 


-1.118 


-  2 . 695 


-3.163 


- 1 . 582 


-YlP 


N 


-0.602 


-0.578 


-0.558 


-0.538 


-0.527 


+  HP- 


+  1.083  +1.152 


+  1.25 


+  1.45 


+  1.667 


JV2 


+  0.542 


+  }'iPn 


+  1.50 


+  HP~ 


+ 1 . 083 


+  0.576 


+  0.625 


+  1    732  +2.00 


+  1.152  +1.25 


+  HP    - 


+  0.542  +0.576 


+  0.625 


+  0.725 


+  2.50 


+  0.725 


hO.833 
+  3.00 


1.667 


+  0.833 


500 
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Table  23. — Stress  Coefficients — Compound  Fink  Truss 


//'(h<f4M 


Member 


General   formula 


Value  of  n 


9  =  33°  -  41' 


2^3 
e  =  30° 


9  =    26°  -  34' 


9  =  21°  -  48' 


9  =  18°  -  26' 


■HPN 


1.805 


-2.00 


-2.235 


-2.695 


-3.163 


+  HP 


jV2 


+  1.083 


+  1.152 


+  1.25 


+  HPn 


+  1.50 


+  1.732 


+2.00 


+  1.45 


+2.50 


+  1.667 


+  3.00 


+  HP- 


+  1.083 


+  1.152 


+  1.25 


+  1.45 


+ 1 . 667 


+  =  tension 

Stress  is  zero  for  dotted  members. 


—   =  comoression 


-i4 

See.  3- 

1411 
Table  24. — Stress 

STRUCTURAL  DATA                                                  501 
Coefficients— Cambered  Compound  Fink  Stress 

1 

4 

P 

r-^  ^    m 

p   p 

K                                      '^                                        - 

- 

Mem- 
ber 

1 

General  formula 

A; 

Value  of  11 

26' 

3 
e  =  33°  -41' 

2V3 
0  =  30° 

4 
e=  26°  -  34' 

5 
0  =21°  -  48' 

6 
9  =  18°  -  26' 

^^p[ri2  +  4(l  -  2/c)l 
^'              Ar(l-2A;) 

Ho 

-2.12 

-2.38 

-2.68 

-3.28 

-3.88 

Vs 

-2.22 

-2.50 

-2.84 

-3.46 

-4.12 

H 

-2.42 

-2.76 

-3.14 

-3.86 

-4.58 

2 

^       [n2  +  4(l  -2fc)l 
*            iV(l-2« 

Ho 

-1.06 

-1.19 

-1.34 

-1.64 

-1.94 

— 

H 

-1.11 

-1.25 

-1.42 

-1.73 

-2.06 

-1.21 

-1.38 

-1.57 

-1.93 

-2.29 

3 

_,^p[n2  +  4(l  -2fc)l 

Ho 

-0.562 

-0.549 

-0.537 

-0.523 

-0.517 

J^ 

-0.554 

-0.542 

-0.532 

-0.519 

-0.515 

^^ 

-0.538 

-0.530 

-0.522 

-0.514 

-0.510 

4 

.  ,,pi)[n2  +  4a  -2A;)1 

Ho 

+  1.20 

+  1.31 

+  1.45 

+  1.72 

+2.01 

H 

+  1.24 

+  1.37 

+  1.52 

+  1.81 

+  2.13 

H 

+  1.32 

+  1.48 

+  1.65 

+  1.99 

+  2.35 

5 

Z)[n2  +  4(1  -  2fc)l 
*       nN(X-2k)(\-k) 

Ho 

+0.667 

+  0.729 

+0.806 

+0.956 

+  1.11 

H 

+0.709 

+0.782 

+0.867 

+  1.04 

+  1.22 

>^ 

+0.793 

+0.889 

+0.990 

+  1.19 

+  1.41 

6 

^^'     iV(l-2/t) 

Ho 

+  1.77 

+2.06 

+  2.42 

+  3.04 

+  3.70 

yi 

+  1.86 

+  2.18 

+2.56 

+  3.24 

+  3.92 

H 

+  2.04 

+  2.40 

+  2.84 

+  3.62 

+4.38 

7 

,pZ)[n'  + 4(1  -2k)] 
nN(\~2k) 

Ho 

+  1.20 

+  1.31 

+  1.45 

+  1.72 

+2.01 

H 

+  1.24 

+  1.37 

+  1.52 

+  1.81 

+  2.13 

H 

+  1.32 

+  1.48 

+  1.65 

+  1.99 

+  2.35 

8 

Int  4-  4n           9i-M 

Ho 

+0.565 

+0.610 

+  0.670 

+  0.785 

+0.910 

H 

+  0.570 

+0.620 

+  0.680 

+  0.800 

+  0.930 

^'^              n(l-A) 

H 

+  0.585 

+  0.6.35 

+0.700 

+  0.830 

+  0.965 

+ 

=  tenaion. 

-  =  comp 

ression 
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Table  25. — Stress  Coefficients — Cambered  Compound  Fink  Truss 


1 

J 

P 

-1-<1>-^''^ — ® 

^  \ 

">]' 

^> 

■£'  span 

\'-kh 

R-P 

r  ' 

Mem- 
ber 

General 
formula 

k 

^'alue  0 

n 

3 
9  =  33°  -  41' 

2V3 
B  =30° 

4 
e  =  26° -.34' 

5 
e  =  21°-48' 

6 
9  =  18°  -  26 

!    1 

,^„[n2  +  4(l-2A:)] 
^^^        N(l-2k) 

Mo 

-2.12 

-2.38 

-2.68 

-3.28 

-3.88 

yi 

-2.22 

-2.50 

-2.84 

-3.46 

-4.12 

H 

-2.42 

-2.75 

-3.13 

-3.85 

-4.58 

2 

Ho 

,          D    K-  +  4(1-2A)1~ 
+  -^*^nAr           (1-2A;)         |^ 

+  1.20 

+  1.31 

+  1.45 

+  1.72 

+  2.01 

+  1.24 

+  1.37 

+  1.52 

+  1.81 

+  2.13 

+  1.32 

+  1.48 

+  1.65 

+  1.99 

+2.35 

3 

Mo 

+  1.77 

+  2.06 

+  2.42 

+  3.04 

+  3.70 

nD 

+  1.86 

+  2.18 

+  2.56 

+  3.24 

'^^^^  N  il-2k) 

+  3.92 

H 

+  2.04 

+  2.40 

+  2.84 

+  3.62 

+4.38 

4 

[„2  + 4  (1-2/0)1 
'^^^               n{l-k) 

Mo 

+  1.13 

+  1.22 

+  1.34 

+  1.57 

+  1.82 

K 

+  1.14 

+  1.24 

+  1.36 

+ 1 .  60 

+  1.86 

H 

+  1.17 

+  1.27 

+  1.40 

+  1.66 

+  1.93 

+   = 
Stres 

tension 
3  is  zero  for  dotted  mem 

jer 

s. 

comi 

ression 
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Table  26. — Stress  Coefficients — ^Cambeked  Compound  Fink  Truss 


D--[f/'-m(l-kp 


Mem- 
ber 


General 
formula 


Value  of  n 


=  33° 


41 


2^3 
d  =  30° 


4 
26° 


34' 


=  21°  -  48' 


6 
18° 


yiP 


[nt  +  4  {\-2k)] 

N  {l-2k) 


-1.06 


-1.19 


■1.34 


1.42 


-1.73 


-1.57 


1.93 


-2.06 


Ko 


+  0.0980 


+  0.114 


+  0.134 


+  0.169 


+  >iP 


nDk 


N  (l-2k)a-k) 


-0.133 


+  0.156 


+  0.183 


+  0.232 


^^*      N  (.l-2k) 


+  0.204 


+  0.240 


+  0.284 


+  0.302 


+  0.884 


+  1.03 


+  1.21 


+  1.52 


+  0.932 


+  1.09 


+  1.28 


+  1.02 


+  1.20 


+  1.42 


+  1.62 


+  1.81 


+  0.206 


+  0.280 


+  0.438 


+  1.85 


+  1   96 


+  2.19 


+  HP 


(1-ifc) 


+  0.675 


+0.780 


+  0.900 


+  0.056 


+  0.758 


+  0.875 


+  0.722 


+  0.833 


+  P 


+  1.0 


+  1.0 


+  1.0 


+  1.13 


+  1.09 


+  1.04 


+  1.0 


+  1.35 


+  1.31 


+  1.25 


+  1.0 


+   =  tension 

Stress  is  zero  for  dotted  members. 


=  compression 


32 
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Table  27. — Wind  Stress  Coefficients — Fink  Truss 
W 


[Sec.  a-141 


Case 

Member 

General 
formula 

Value  of  n 

3 

9  =  33°  -  41 

2\/3 

e  =  30° 

4 
9  =  26°  -  34 

5 
9  =  21°  -  48' 

6 
fl  =  18°  -  26' 

> 

a 

0! 

1 

n 

-1.17 

-1.45 

-1.75 

-2.30 

-2.83 

2 

n 

-0.100 

-0.0833 

-0.0700 

-0.054 

-0.0438 

3 

-W 

-1.00 

-1.00 

-1.00 

-1.00 

-  1 .  00 

4 

^-^iWN 

+  0.900 

+  1.00 

+  1.12 

+  1.35 

+  1.58 

R, 

nN 

1.06 

1.15 

1.23 

1.32 

1.37 

Ri 

n 

0.600 

0.578 

0.559 

0.539 

0.526 

" 

5 

+  y2WN 

+  1.80 

+  2.00 

+  2.24 

+  2.69 

+  3.16 

6 

+  HWN 

+  0.900 

+  1.00 

+  1.12 

+  1.35 

+ 1 .  58 

Ri 

4TF 

1.11 

1.00 

0.895 

0.742 

0.633 

Ri 

0 

0 

0 

0 

0 

0 

^ 

5 

N 

+  0.694 

+  1.00 

+  1.34 

+  1.95 

+  2.53 

6 

+KW1^'-^''' 

-0.208 

0 

+  0.224 

+  0.604 

+  0.950 

Rz 

0 

0 

0 

0 

0 

0 

Ri 

4 

1.10 

1.00 

0.895 

0.742 

0.633 

5 

+M.- 

+  1.25 

+  1.50 

+  1.78 

+  2.32 

+  2.85 

6 

+Mif(-;^^ 

+  0.347 

+  0.500 

+0.670 

+  0.975 

+  1.265 

«3 

2:? 

JV 

0.555 

0.500 

0.447 

0.371 

0.316 

R4 

2^ 

JV 

0.555 

0.500 

0.447 

0.371 

0.316         ' 

> 

5 

n2 

+  1.41 

+  1.67 

+  1.96 

+  2.46 

+  2. 98 

6 

n2 

+  0.502 

+  0.667 

+  0.837 

+  1.13 

+  1.41        : 

Rz 

w(3'^'-  -  4) 
nAT 

0.708 

0.667 

0.616 

0.526 

0.458         j 

R< 

0.401 

0.333 

0.280 

0.216 

»'"    1 

+  =  tension 


=   compression 
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Case 


Member 


General 
formula 


Value  of  n 


3  2V3 

33°  -  41'    e  =  30° 


4 
26° 


34' 


=  21°  -  48'   e  =18° 


26' 


■HW 


(5n2  -  8) 


-3.08 


HW 


m 


-2.17 


-3.75 


-2.31 


-2.50 


-W 


-2W 


+  }.iWN 


+y2WN 


Ri  W 


+  HWN 


,(3n^  -  4) 
Nn 


-1.00 


-1.00 


-2.00 


-2.00 


-2.00 


+  0.902  +1.0 


+  1.12 


+  1.80 


+  2.0 


+  2.24 


+  2.71  +3.0 


2.12 


1.20 


+  3.35 


2.31 


2.46 


•2.90 


+  1.35 


+  2.70 


+  4.05 


2.64 


1.08 


-7.17 


-1.00 


-2.00 


+ 1 .  58 


+  3.16 


+  4.24 


2.74 


+  =  tension 

Stress  is  zero  for  dotted  members. 


—   =   compression 
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Table  28 

{Continued) 

Case 

Member 

General  formula 

3 

2^3 

4 

5 

6 

" 

8 

+  HWN 

+  4.51 

+  5.00 

+  5.59 

+  6.73 

i         +7.90 

9 

+  WN 

+  3.61 

+4.00 

{        +4.47 

+  5.39 

j         +6.32 

10 

+y2WN 

+  1.80 

+  2.00 

+  2.24 

+  2.69 

+  3.16 

fts 

8^ 

N 

2.22 

2.00 

1.79 

1.49 

1.27 

Ri 

0 

0 

0 

0 

0 

0 

S 

8 

^^ppC^'^-l^) 

+  2.28 

+  3.00 

+  3.80 

+  5.26 

+  6.65 

9 

^,-_-) 

-1.39 

+  2.00 

+  2.68 

+  3.92 

+  5.06 

10 

+  ^^(--12) 

-0.415 

0 

+  0.447 

+  1.21 

+  1.90 

«3 

0 

0 

0 

0 

0 

0 

Ri 

8^ 

N 

2.22 

2.00 

1.79 

1.49 

1.27 

s 

8 

N 

+  3.40 

+  4.00 

+  4.70 

+  6.02 

+  7.  28 

9 

+-^' 

+  2.49 

+  3.00 

+  3.58 

+  4.66 

+  5.70 

10 

+  0.693 

+  1.00 

+  1.34 

+  1.96 

+  2.53 

^3 

4^ 

1.11 

1.00 

0.894 

0.746 

0.633 

Ri 

4-^ 

1.11 

1.00 

0.894 

0.746 

0.633 

> 

8 

+  >iTF^(5n2  -  8 
n2 

+  3.71 

+  4.33 

+  5.03 

+  6.31 

7.56 

9 

+  W^W  -  2) 
«- 

+  2.81 

+  3.34 

+  3.92 

+  4.96    ■ 

+  5.97 

10 

+  1.01 

+  1.33 

+  1.68 

+  2.25 

+  2.81 

Rz 

,P^,(3n"--  4) 
Nn- 

1.42 

1.33 

1.23 

1.05 

0.915 

R4 

11 '-                           1 

0.803        j 

0.667 

0.558 

0.431 

0.351 
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Table  29. — Wind  Stress  Coefficients — Howe  Truss — 4  Panels 
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Case 


Member 


General 
formula 


Value  of  n 


33°  -  41' 


2\/3 
=  30° 


4 
=  26° 


34'   e  =  21°  -  48' 


=  18°  -  26' 


■y2w 


(n^-2) 


-1.17 


-1.45 


1.75 


-2.30 


•  >i  Wn 


-0.750  -0.867 


-y.w^ 


1.08 


1.16 


-HW- 


1.08 


+  HW-S7i^  -  2) 


+  1.41 


+  HW-M^  -  4) 


+  0.502 


+  3'2TF; 


+0.600 


Ri 


y^w'^^^ 


iV2 

y^w-r^^ 


+  1.67 


-0.667 


+  0.575 


1.33 


0.665 


1.25 


1.45 


+  1.96 


+  2.46 


+  0.837 


+  0.559 


1.375 


+  1.13 


+  0.539 


1.42 


0.625 


0.580 


+   =  tension. 


—    =   compression. 


-2.83 


-1.67 


■1.67 


+  2.98 


+  1.41 


+  0.526 


1.445 
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Table  30. — Wind  Stress  Coefficients — ^Howe  Truss — 6  Panels 


Case 


Member 


General 
formula 


Value  of  n 


33°  -  41' 


2\/3 
=  30° 


4 
26° 


34' 


9  =  21°  -  48'  9  =  18°  -  26 


■HW 


(7n2-  12) 


-2.12 


■HW 


(5n2-4) 


-1.71 


-2.02 


-3.12 


-4.07 


-3.03 


-5.00 


-3.67 


-}iW 


(3n2  +  4) 


1.29 


1.44  -1.63 


HW- 


-1.74 


-2.18 


-2.50 


ATS 

-HW— 


1.08 


-HW-(n^+16)}i 


1.45 


-1.58 


+  HW~(.77i^—12) 


+  2.56 


+  3.00 


+  >iTF— ,(5n2-12) 


+  1.66 


+  2.00 


+  y8W-,(n^  -  4) 


+  0.752 


+  1.00 


10 


+y2W~ 


+  0.600 


+  0.575 


+  W- 


+  1.20 


+  1.15 


HW 


(3n'-4) 
n2 


1.92 


2.00 


HW 


iV2 


1.08 


1.00 


+  3.49 


+  2.37 


+  1.26 


+  0.559 


+  1.12 


0.940 


+  4.38 


+  3.04 


+  1.69 


+  0.539 


+  1.08 


2.13 


0.867 


1.67 


-1 

90 

+  5 

28 

+  3 

70 

+  2 

11 

+  0.526 


+  1.05 


2.17 


+  =  tension 


compression 
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Table  31. — Wind  Stress  Coefficients — Howe  Truss — 8  Panels 
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/y'P^4^ 


Case 


Member 


General 
formula 


Value  of  n 


=  33°  -  41' 


2v/3 
e  =  30° 


26°  -  34' 


e  =  21°  -  48' 


=  18°  -  26' 


-VaW 


(5n2  -  8) 


■3.08 


•3.75 


-7.17 


-W 


(n=  -  1) 


-2.67 


-2.89  -3.75 


-4.80 


-5.83 


■HWn 


-3.00 


-3.75 


-VlW 


(n2  +  2) 


1.83 


-2.02 


-2.70 


-3.17 


■>iW 


N^ 


-2.11 


■2.32 


-2.50 


■2.90 


■3.33 


-HW 


iV2 


-1.08 


-1.16 


1.67 


iW^in^  +  16)' 


-1.50 


-1.53 


-1.58 


N  H 


-2.02 


-1.97 


-1.73 


-1.90 


10 


+  }iW-(5ni-8) 


+  3.71 


+  4.33 


+  5.03. 


+  W-(n^  -  2) 


+  2.81 


+  3.33 


+  3.91 


+  HW~(3n'  -  8) 


+  1.91 


+  2.33 


+  2.79 


+  6.31 


+  4.95 


+  3.60 


+  7.56 


+  5.98 


+  4.40 


+  }.iw'^(n^  -  4) 


+  1.00 


+  1.33 


+  1.68 


+  2.26 


+  2.82 


+  HW^ 


+0.600 


+  0.575 


+  0.559 


+  0.539 


-0.526 


14 


+  Tr^ 


+  1.15 


+  1.08 


N 


w 


(37l2    -    4) 


W 


JV2 


1.80 


2.56 


1.44 


+  1.73 


2.67 


+  1.68 


1.25 


+  =  tension 


—   =  compression 


+  1.62 


1.16 


+  1.58 


2.89 
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Table  32.— Wind  Stress  Coefficients — Howe  Truss — 10  Panels 

W 


Member 


General 
formula 


Value  of  n 


3  I       2^3 

9  =  33°  -  41'    e  =  30° 


=  26°  -  34' 


10 


13 


14 


15 


16 


■VaW 


.(13re2  -  20) 


■HW 


(lln2  -  12) 


-VaW 


(9n2  -  4) 


■3.63 


■>iW 


(7n2  +  4) 


HW 


(5n2  +  12) 


-2.79 


■^W 


N^ 


-VaW- 


-KTF-(n2+16)' 


A'  '.^ 

■  3^TF'-(n2  +  36) 


y.w^ 


>^Tr-(n2  +  64) 


+  MTF-,(13n2-20) 


+  MW'^„(lln2-20) 


+  >^F-„(97i2-20) 


+  HTF-„(7n2-20) 


-^y»w-w  -  4) 


+  HW 


N 


-2.38 


-2.71 


-1.08 


-1.50 


•2.02 


-2.56 


+  4. 


+  3.97 


+  3.07 


+  2.16 


+  1.26 


+  0.600 


-4.91 


-3.75 


-3.18 


-2.60 


-5.i 


-4.37 


-2. 


-2.89 


-1.53 


1.97 


■2.51 


-3.13 


-1.25 


1.58 


-2.01 


-2.50 


+  5.67 


+  4.67 


+  3.67 


+  2.67 


+  1.67 


+  0.675 


+  6.56 


+  3.44 


+  4.33 


+  3.21 


+  2.09 


+  0.559 


5  I  6 

=  21°  -  48', e  =  18°  -  26 


7.63 


-6.57 


-4.47 


-3.42 


■3.62 


1.45 


1.73 


-2.11 


-2.54 


+  8.16 


+  3.83 


+  5.48 


+  4.14 


+  2.80 


+  0.539 


-9.34 


-8.00 


-6.67 


-5.33 


-4.00 


1.67 


-1.90 


-2.24 


-2.63 


+9.80 


+  3.23 


+  6.65 


+  5.08 


+  3.50 


+  0.526 


17 


+  W^ 


+  1.20 


18 


+  HW'- 


+  1.80 


19 
Ri 


+  2TF^ 


+  2.40 


HW^^'^'-^^ 


3.20 


+  1.15 


+  1.12 


+  1.73 


+  1.68 


+  2.30 


+  2.24 


3.34 


3.44 


+  1.08 


+  1.62 


+  2.17 


3.55 


+  1.05 


+  1.5S 


3.61 


+  =  tension 


—   =  compression 
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DETAILED  DESIGN  OF  A  WOODEN  ROOF  TRUSS 

By  W.  S.  Kinne 

142.  Conditions  Assumed  for  the  Design. — To  illustrate  the  principles  governing  the  de- 
sign of  a  wooden  roof  truss,  a  complete  design  will  be  made  of  a  truss  of  the  type  shown  in  Fig. 
144  (p),  p.  455.  It  mil  be  assumed  that  the  truss  is  supported  on  masonry  walls  which  are  50  ft. 
apart,  and  that  the  trusses  are  spaced  16  ft.  apart.  The  roof  covering  will  be  shingles  on 
sheathing  carried  by  rafters  spaced  16  in.  on  centers.  Purlins  placed  at  the  top  chord  panel 
points  carry  the  roof  loads  to  the  truss.  Fig.  157  shows  the  general  arrangement  of  the  roof 
and  the  trusses. 


Fie.  157. — Detailed  design  of  a  wooden  roof  truss. 

The  pitch  of  the  roof  will  be  taken  y^,  for,  as  stated  in  Art.  123,  this  is  in  general  the  most 
conomical  pitch.  To  secure  members  of  reasonable  length,  the  span  will  be  divided  into  six 
janels,  as  shown  in  Fig.  158.  All  members  will  be  made  of  wood,  except  the  verticals,  which 
fvill  be  steel  rods.  Western  Hemlock  will  be  used  for  all  wooden  truss  members,  and  also  for 
bhe  purlins,  rafters,  and  sheathing. 

The  loads  to  be  carried  by  the  truss  will  be  taken  in  ac- 
ordance  with  the  principles  stated  in  the  chapter  on  Roof 
Trusses — General  Design.  Snow  loads  will  be  taken  as  20  lb. 
per  sq.  ft.  of  roof  surface,  and  the  unit  wind  pressure  will  be 
taken  as  30  lb.  per  sq.  ft.  of  vertical  surface.  The  unit  wind 
pressure  is  to  be  reduced  by  the  Duchemin  formula  in  deter- 
mining the  components  normal  to  the  roof  surface.  Minimum  snow  load  will  be  taken  as 
ane-half  of  the  maximum,  or  10  lb.  per  sq.  ft.  of  roof,  and  the  minimum  wind  load  will  be 
taken  as  one-third  of  the  maximum. 


Fia.   158. 


Tl 
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The  actual  weight  of  the  roof  covering,  rafters,  and  purlins  is  to  be  determined,  assuming 
that  Western  Hemlock  weighs  3  lb.  per  foot  board  measure.  In  estimating  the  weight  of  th( 
truss,  the  formula  w  =  0.04  I  +  0.000167  l^  will  be  used,  where  w  =  weight  of  trusses  per  sq. 
ft.  of  covered  area,  and  /  =    span  length  in  feet.  I 

Combinations  of  loadings  for  maximum  fiber  stresses  in  rafters  and  purlins,  and  for  maxi-l 
mum  stresses  in  truss  members  will  be  as  follows:  | 

(a)  dead  load  and  snow  load. 

(b)  dead  load,  minimum  snow  load,  and  maximum  wind  load. 

(c)  dead  load,  maximum  snow  load,  and  minimum  wind  load. 

(d)  a  minimum  load  of  40  lb.  per  sq.  ft.  of  horizontal  covered  area.  The  object 
of  this  last  loading  condition  is  to  make  certain  that  a  fairly  rigid  and  substantia] 
structure  is  obtained. 

Working  stresses  for  Western  Hemlock  will  be  taken  as  recommended  by  the  American! 
Railway  Engineering  Association.     These  values  are  given  in  Sec.  7,  Art.  10.     For  timber  used  in 
building  construction,  the  working  stresses  given  in  the  above  mentioried  table  are  as  follows: 
extreme  fiber  stress  in  tension  or  cross  bending,  1650  lb.  per  sq.  in.;  shearing  parallel  to  the^ 
grain,  240  lb.  per  sq.  in.;  longitudinal  shear  in  beams,  150  lb.  per  sq.  in.;  compression — bearing)  *>■ 
parallel  to  the  fibers,  1800  lb.  per  sq.  in.,  bearing  perpendicular  to  the  fibers,  330  lb.  per  sq.  in.,  >' 
columns  under  15  diameters,  1350  lb.  per  sq.  in.,  columns  over  15  diameters  in  length,  1800^  '*''■ 
(1  —  l/QO  d)  lb.  per  sq.  in.,  where  I  =  length  of  column  in  inches  and  d  =  least  side  or  diameter, 
Bearing  pressures  for  washers  which  cover  only  a  part  of  the  area  of  the  member  can  be  increased  s 
25% — that  is,  to  412.5  lb.  per  sq.  in.  for  bearing  perpendicular  to  the  fibers,  and  2250  lb.  per  s 
sq.  in.  for  bearing  parallel  to  the  fibers.     This  increase  in  fiber  stresses  is  allowable,  for  experi-  sc 
ments  have  shown  that  the  bearing  pressures  are  indirectly  distributed  to  the  area  immediately 
surrounding  the  washer,  thus  increasing  its  effective  area.     The  allowable  bearing  pressure  onff^ 
masonry  will  be  taken  as  300  lb.  per  sq.  in. 

Where  the  compression  acts  at  an  angle  to  the  member,  the  working  stress  is  given  by  the^-_ 
empirical  formula 

r  =  q+  (p  -  q)  (6/90^ 

where  r  =  allowable  working  stress  at  an  angle  6  to  the  axis  of  the  member,  as  shown  in  Fig 
159;  and  p  =  bearing  on  end  fibers  =  1800  lb.  per  sq.  in.;  and  q  =  bearing  across  the  fibers^* 
=  330  lb.  per  sq.  in.     For  these  values  the  above  formula  becomes:  r  =  330  +  (1800  —  330) 

ie/9oy,  or, 

r  =  330  +  0.1815  0- 

Where  pins  or  bolts  bear  on  the  end  fibers  of  the  material,  as  in  the  design  of  the  built-up  bottom 
chord  member  given  in  Art.  145,  the  allowable  bearing  values  must  be  modified  to  fit  the  con- 
ditions shown  in  Fig.  159.  The  allowable  bearing  will  be  taken  as.%  of  the  usual  end  bearing 
value,  or  as  1200  lb.  per  sq.  in.  This  working  stress  is  considered  as  applied 
to  the  diametrical  area  of  the  pin  or  bolt. 

In  accordance    with    the    discussion    given   in   the   chapter   on    Roof 
Trusses — General  Design,  the  working  stresses  for  wind  will  be  increased  50% 
over  the  values  given  above.     This  increase  in  working  stresses  can  be  ac- 
counted for  by  reducing  the  unit  wind  pressure  so  that  the  same  working 
stresses  can  be  used  for  all  loadings.     Since  the  w  orking  stresses  for  w  ind  are 
^  of  those  for  other  loadings,  if  %  of  the  unit  wind  pressures  be  used, 
the  same  working  stresses    can  be  used  for  all  loadings.     The  vmit  \\  ind 
pressure  on  a  vertical  surface  will  then  be  taken  as  ^^   X  30  =  20  lb.  per  sq.  ft.      From  the 
Duchemin  formula,  the  normal  pressure  on  a  }i  pitch  roof  is  14.9  lb.  per  sq.  ft.  of  roof  surface. 
In  choosing  the  sections  of  timber  with  which  to  form  the  members  of  the  truss,  it  must  be 
remembered  that  the  actual  size  of  a  piece  of  timber  should  be  used  in  the  calculations.     The 
dimensions  usually  given  for  timbers  are  the  distances  from  center  to  center  of  saw  cuts.     These 
dimensions  are  known  as  the  nominal  dimensions  of  the  piece;  they  are  usuallj- given  in 
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iven  inches,  as  for  example,  2X4  in.,  6X8  in.,  etc.  Actually  the  timber  is  smaller  than 
ts  nominal  dimensions  by  the  width  of  the  saw  cut,  which  is  about  K-in.  thick.  Thus  a 
ough  sawed  piece,  whose  nominal  dimensions  are  4X6  in.,  is  really  only  a  3%  X  5^:4-in.  section, 
f  this  section  is  dressed,  or  planed  on  all  sides,  the  section  is  about  K-in.  scant  all  around 
rom  the  nominal  dimensions,  or  actually  a  3)^  X  53^-in.  section  is  obtained  instead  of  the 
I  X  6-in.  nominal  section.  The  section  obtained  thus  has  an  actual  area  of  only  about  80 
Vo,  and  a  section  modulus  of  only  79%  of  the  corresponding  values  for  the  nominal  section. 
These  percentages  vary  with  the  size  of  the  timber. 

The  difference  between  the  actual  and  the  nominal  sizes  of  timber  is  taken  into  account  in 
he  calculations  by  two  different  methods.  In  one  method  the  unit  stress  is  reduced  by  an 
i,mount  depending  upon  the  reduction  in  area  or  section  modulus.  This  method,  to  be  effective, 
equires  the  use  of  a  sliding  scale  of  corrections,  which  makes  it  rather  undesirable.  In  another, 
md  better  method,  the  actual  sizes  are  used  and  the  working  stresses  taken  as  given  above. 
This  latter  method  will  be  used  in  the  work  to  follow.  It  will  be  assumed  that  all  material  is 
Iressed  on  four  sides,  and  that  the  actual  dimensions  are  about  K  in.  scant  of  the  nominal 
limensions.     In  speaking  of  sections,  however,  the  nominal  dimensions  will  be  used. 

The  working  stress  for  steel  tension  rods  will  be  taken  as  16,000  lb.  per  sq.  in.  on  the  net 
action  of  the  rod  at  the  root  of  thread.  In  general,  round  rods  will  be  used.  They  will  be  upset 
it  the  ends  if  the  diameter  required  is  greater  than  ^^-in.  Bending  stresses  in  steel  bolts  will 
)e  taken  as  24,000  lb.  per  sq.  in. 

143.  Design  of  Sheathing,  Rafters,  and  Purlins. — In  the  chapter  on  the  Design  of  Purlins 
or  Sloping  Roofs,  Sect.  2,  there  is  given  a  complete  design  of  the  sheathing,  rafters,  and  purlins 
or  conditions  practically  the  same  as  assumed  in  the  preceding  article.  Therefore,  only  the  es- 
ential  features  of  the  design  under  consideration  will  be  given.  Wherever  possible,  reference 
vill  be  made  to  the  design  mentioned  above,  and  also  to  the  design  of  the  steel  roof  truss  in  the 
bllowing  chapter,  for  which  similar  conditions  exist. 

From  Fig.  157  it  can  be  seen  that  the  span  of  the  sheathing  is  16  in.,  the  distance  center  to  center  of  rafters. 
^s  the  loads  are  the  same  as  for  the  above  mentioned  designs,  it  can  readily  be  seen  that  1-in.  sheathing  is  satis- 
actory.  The  rafters  are  to  be  designed  for  the  combinations  of  loading  stated  in  Art. 
142.  As  the  roofing  is  quite  rigid,  it  can  be  assumed  that  the  load  to  be  carried  by  the 
■afters  is  the  component  of  loads  perpendicular  to  the  roof  surface.  It  will  be  found  that  *'"*  ^\ 
;he  loading  of  case  (b)  of  Art.  142  gives  the  required  maximum.  The  conditions  are  as 
ihown  in  Fig.  160.     (See  also  the  design  given  in  Art.  151.) 

From  the  data  given  and  the  assumptions  made  in  Art.  142,  the  minimum  snow  load 
s  a  vertical  load  of  10  lb.  per  sq.  ft.  of  roof  and  the  normal  wind  load  is  14.9  lb.  per  sq. 
t.  of  roof.  Assuming  that  shingles  weigh  3  lb.  per  sq.  ft.  of  roof,  and  that  1-in.  sheathing 
veighs  3  lb.  per  ft.  board  measure,  it  will  be  found  from  the  force  diagram  of  Fig.  160  that  '^^'^'-   ^^O- 

;he  total  normal  component  is  29.2  lb.  per  sq.  ft.  of  roof  area. 

From  Fig.  157,  the  area  carried  by  a  rafter  is  (16/12)  9.33  =  12.4  sq.  ft.,  and  the  uniformly  distributed  load  is 
9.2  X  12.4  =  363  lb.  If  a  2  X  4-in.  rafter  be  assumed,  whose  weight  at  3  lb.  per  ft.  board  measure  is  3  X  9.3  X 
Ka  =  18.7  lb.,  the  total  uniformly  distributed  load  is  363  +  19  =  382  lb.  Assuming  that  the  rafters  are  continu- 
)us  over  several  purlins,  the  moment  to  be  carried  can  be  calculated  from  the  formula  M  =  Mo  w/  =  Ho  X  382 
K  9.33  X  12=  4270  in. -lb     For  the  working  stress  of  1650  lb.  per  sq.  in.,  given  in  Art.  142,  the  required  section 

modulus  is  4270/1650  =  2.59  in. 3       Assuming  the  dimensions  of  a  dressed 

IB  hods  of  3d*  lb  eodi  2  X  4  to  be  IJ^  X  3^8  in.,  the  section  modulus  furnished  is  (fed-)  A  =  3.02  in.' 

1     I     I     I     I     IjJ^     I    I    I    I  The  assumed  section  will  be  adopted,  as  it  is  the  smallest  advisable  section. 

liiiil'lllli     _  As  shown  in  Fig.  161,  each  purUn  supports  12  rafter  loads.     From  the 


« 


'If' 


Zexib       "A  I    Fl/Hin-^  ^  calculations   given   above,   each  rafter   load  is  3S2  lb.     Fig.  161  shows  the 

II ipacts  &/6'' i4'-8" ,918        loads   in   position.      The  maximum  moment  occurs  under  the  load  next  to 


is'-o"    J*^        the  beam    center.      As  the  purlins  usually  span  only  the  distance  between 

^'     ^'  trusses,   simple  beam  conditions  will  be  assumed,  and  M  =  [2292  X  5.5  — 

Fig.   161.  382(1  +  2  +  3  +  4  +  5)116  =  110,000       in.-lb.     Assume       a       6  X  10-in. 

purlin  section.  The  weight  of  the  assumed  purlin  is  6  X  10  X  H2  =  15 
lb.  per  ft.,  and  the  moment  due  to  its  weight  is  Af  =  Hwl^  =  J-g  X  15  X  16^  X  12  =  5760  in.-lb.  Tota^l  moment 
=  110,000  +  5760  =  115,760  in.-lb.  Required  section  modulus  =  115,760/1650  =  70.1  in.^  Section  modulus 
furnished  by  a  6  X  10-in.  purhn,  dressed  to  5H  X  9J^  in.,  is  82.8  in.'  Although  the  assumed  section  is  slightly 
over  size,  it  will  be  adopted. 

144.  Determination  of  Stresses  in  Members. — The  general  methods  of  stress  calculation 
are  given  in  Sect.  1.  Stresses  can  be  determined  by  means  of  the  graphical  methods  given  in 
bhe  above  mentioned  section,  or  by  means  of  the  tables  Df  stress  coefficients  given  in  the  chapter 
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on  Roof  Trusses — Stress  Data.  The  latter  method  has  been  used  in  the  design  under  consider- 
ation. .\s  the  general  methods  of  procedure  are  given  in  detail  in  Art.  153,  only  the  essential 
features  are  repeated  here.  The  reader  is  referred  to  the  discussion  given  in  the  following 
chapter,  as  it  applies  also  to  the  design  under  consideration. 

In  Art.  142  the  formula  for  the  dead  weight  of  the  trusses  is  given  asw  =  0.04 1  +  0.000167 1^, 
where  I  =  span  =  50  ft.,  and  iv  =  weight  of  trusses  in  lb.  per  sq.  ft.  of  horizontal  covered  area. 
Then  w  =  0.04  X  50  +  0.000167  X  50^  =  2.42  lb.  From  Fig.  157,  the  horizontal  covered 
area  per  panel  is  50  X  16/6  =  133  sq.  ft.  The  dead  panel  load  due  to  the  weight  of  the  tniss 
is  then  2.42  X  133  =  323  lb.  The  dead  load  due  to  shingles  is  3  lb.  per  sq.  ft.  of  roof,  and  that 
due  to  the  sheathing  is  4  lb.,  giving  a  total  load  of  7  lb.  per  sq.  ft.  of  roof.  From  Fig.  157, 
the  roof  area  per  panel  is  9.33  X  16  =  149  sq.  ft.  The  dead  panel  load  due  to  sheathing  and 
shingles  is  then  149  X  7  =  1043  lb.  From  Fig.  161,  the  weight  of  12  rafters  and  one  purhn  is 
brought  to  each  panel  point.  Each  rafter  weighs  18.7  lb.,  and  the  purlin  weighs  12  lb.  per  ft., 
as  given  in  Art.  143.  The  resulting  panel  load  is  12  X  18.7  +  16  X  15  =  224  +  240  =  464  lb. 
The  total  dead  panel  load  is  then  323  +  1043  +  464  =  1830  lb. 

As  given  in  Art.  142,  the  snow  load  is  20  lb.  per  sq.  ft.  of  roof,  and  the  wind  load  is  14.9  lb. 
per  sq.  ft.  of  roof.  Since  the  roof  area  per  panel  is  149  sq.  ft.,  the  snow  panel  load  is  a  vertical 
load  of  149  X  20  =  2980  lb.,  and  the  wind  panel  load  is  14.9  X  149  =  2220  lb.,  a  load  which 
acts  normal  to  the  roof  surface.  In  Art.  142,  a  minimum  load  of  40  lb.  per  sq.  ft.  of  horizontal 
covered  area  is  also  specified.  The  panel  load  for  this  loading  is  40  X  133  =  5320  lb.,  a  vertical 
load. 

The  stresses  due  to  the  above  panel  loads  are  given  in  Table  1.     Dead  load  stresses  are  given  in  col.  1;  snow 
load  stresses  are  given  in  col.  2;  minimum,  or  half  snow  load  stresses,  are  given  in  col.  3;  wind  stresses  for  wind  from 

Table  1. — Stresses  in  Members 


e        r       g 


Member 

Dead 

load 

1 

Snow 

load 

2 

One-half 

snow 

load 

3 

Wind 

from 

left 

4 

Wind 

from 

right 

5 

One-     . 
third 
wind 
6 

DL.,  >2 

S.  L.,  and 

wind 

7 

D.  L.,  H 

wind,   and 

snow 

8 

Vertical 

loading 

9 

Maxi- 
mum 
stress 
10 

ah 

-  10,250 

-16,650 

-8,325 

-6,950 

-4,160 

-2,320 

-25,525 

-29.220 

-29.800  -29,800 

be 

-  8,200 

-13,320 

-6,660 

-5,270 

-4,160 

-1,760 

-20,130 

-23,280 

-23,800  ,-23,800 

cd 

-6,150 

-  10,000 

-5,000 

-3,610 

-4,160 

-1,390 

-15,310 

-17,540 

-17,820    -17,820 

ae-ef 

+  9,180 

+  14,900 

+  7,450 

+  7,770 

+  2,800 

+  2,590 

+  24,400 

+  26.670 

+  26,600    +26,670 

fg 

+  7,340 

+  11,920 

+  5,960 

+  5,280 

+  2,800 

+  1.760 

+  18,580 

+  21.020 

+  21,300 

+  21,300 

bf 

-    2,060 

-   3,340 

-1,670 

-2,780 

0 

-     930 

-    6,510 

-    6.430 

-   5,960 

-   6,510 

eg 

-   2,590 

-   4,200 

-2,100 

-3,520 

0 

-1,170 

-    8,210  1    -   7,960 

-   7.510    -   8.210 

cf 

+       916 

+    1,490 

+     745 

+  1,230 

0 

+     410 

+   2,990 

+   2.816 

+   2.660    +  2,990 

da 

+   3,670 

+   5,960 

+  2,980 

+  2,480 

+2,480 

+     825 

+   9.130 

+  10,445 

+  10,640    +10,640 

he 

0 

0 

0 

0 

0 

0 

0 

0 

0          '          0 

—   =  compression. 
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the  left  are  given  in  col.  4,  and  for  wind  from  tlie  right,  the  stresses  are  given  in  col.  5;  minimum,  or  one-third  wind 
stresses  are  given  in  col.  6.  The  wind  stresses  are  calculated  on  the  assumption  that  both  ends  of  the  truss  are 
rigidly  fastened  to  the  masonry  walls,  and  that  the  reactions  are  parallel  to  the  direction  of  the  wind — that  is,  nor- 
mal to  the  roof  surface.  The  assumption  of  fixed  ends  is  reasonable,  for  a  wooden  truss  is  not  effected  by  tempera- 
ture changes,  and  no  provision  for  expansion  need  be  made,  as  in  the  case  of  the  steel  truss. 

The  maximum  stresses,  as  given  by  the  combinations  of  cases  (fa),  (c),  and  (d)  of  Art.  142,  are  given  in  cols.  7,  8, 
and  9  respectively.  Stresses  for  col.  9  are  calculated  from  the  dead  load  by  ratio  of  the  panel  loads  for  a  minimum 
load  of  40  lb.  per  sq.  ft.  of  covered  area,  which  is  5320  lb.,  and  the  dead  panel  load,  which  is  1833  lb.  Col.  10  gives 
the  greatest  of  these  maximum  values,  which  is  the  stress  for  which  the  members  are  to  be  designed. 

145.  Design  of  Members. — As  stated  in  Art.  142,  the  top  and  bottom  chord  members  and 
the  diagonal  web  members  will  be  made  of  timber,  and  the  vertical  members  will  be  made  of  steel 
rods.  The  working  stresses  for  the  wooden  compression  members  whose  length  exceeds  15 
times  the  least  width  is  given  in  Art.  142  as  1800  (1  —  Z/60  d),  where  I  =  length  in  inches,  and 
d  =  least  dimension  in  inches.  Compression  members  whose  length  is  less  than  15  times  the 
least  width  are  to  be  designed  for  a  working  stress  of  1350  lb.  per  sq.  in.  The  working  stress 
for  wooden  tension  members  is  given  as  1650  lb.  per  sq.  in.  For  steel  members  the  working 
stress  is  16,000  lb.  per  sq.  in.     All  data  for  the  design  is  given  in  Table  2. 

Sections  for  wooden  compression  members  should  be  square,  if  possible,  in  order  to  secure 
a  member  of  equal  rigidity  in  planes  perpendicular  to  the  sides  of  the  members.  Single  pieces 
are  preferable  to  members  built  up  ot  planks  placed  side  by  side  and  nailed  or  bolted  together 
to  form  a  single  member.  The  excessive  cost  of,  or  difficulty  in  obtaining  single  pieces,  may 
decide  in  favor  of  the  built-up  member. 

Wooden  tension  members  must  contain  considerable  excess  area  in  order  to  provide  for  notch- 
ing at  the  joints.  Single  pieces  are  preferable  for  use  as  tension  members.  If  planks  are  used, 
placed  side  by  side  to  form  a  built-up  member,  considerable  care  must  be  taken  in  order  to  make 
certain  that  the  proper  net  area  is  provided  at  all  points.  Further  discussion  of  this  detail 
will  be  given  in  connection  with  the  design  of  the  lower  chord  member. 

Design  of  Top  Chord  Member. — The  design  of  the  top  chord  member  will  be  determined  for 
the  conditions  existing  in  member  a-b,  where  the  stress  is  a  maximum.  From  Table  1  the 
stress  in  member  a  — 6  is  29,800  lb.  compression.  Assume  a  6  X  6-in.  member,  of  which  the 
actual  size  will  be  taken  as  53'2  X  5^  in.  Since  the  length  of  member  a-h  is  112  in.,  the  ratio 
l/d  =  112/5.5  =  20.4.  Therefore  the  working  stress  is  to  be  determined  by  the  formula 
1800(1  -  l/&Od).  For  the  assumed  section  the  working  stress  is  1800  (1  -  112/60  X5.5) 
=  1800(1  -  0.34)  =  1190  lb.  per  sq.  in.;  and  the  required  area  is  29,800/1190  =  25.0  sq.  in. 
The  area  provided  by  the  assumed  section  is  5.5  X  5.5  =  30.25  sq.  in.  The  assumed  section  is 
ample  and  it  will  be  adopted. 

In  trusses  of  the  size  under  consideration,  it  is  usual  to  make  the  entire  top  chord  of  the  same  cross  section. 
For  larger  trusses,  the  section  of  the  upper  end  of  the  top  chord  is  sometimes  reduced  m  size.  A  butt  splice  is  made 
at  one  of  the  panel  points.  This  splice  can  be  designed  by  the  methods  given  in  the  chapter  on  Splices  and  Con- 
nections— Wooden  Members. 

If  the  top  chord  member  is  to  be  made  of  planks,  a  2  X  6-in.  piece,  actual  dimensions  about  l^i  X  5^  in., 
would  probably  be  used  in  the  case  under  consideration.  To  provide  the  proper  area,  three  pieces  will  be  required. 
For  this  section,  d  =  3  X  1%  =  ^%  in.;  l/d  =  23;  and  the  allowable  working  stress  is  1120  lb.  per  sq.  in.  The 
area  required  is  then  29,800/1120  =  26.6  sq.  in.,  and  that  provided  is  3  X  1%  X  5.5  =  26.8  sq.  in.  The  section 
is  ample.  To  hold  the  several  pieces  together,  bolts  about  J-2  in.  in  diameter  should  be  placed  through  the  pieces 
at  intervals  such  that  the  value  of  l/d  for  a  single  piece  will  be  not  greater  than  the  value  for  the  whole  member. 
From  the  calculation  given  above,  l/d  for  the  whole  member  is  23.  Since  d  for  a  single  plank  is  \%  in.,  the  dis- 
tance between  bolts  must  be  about  (23)(1^8)  =  37.4  in.     Bolts  spaced  3  ft.  apart  will  probably  be  satisfactory. 

Design  of  Compression  Web  Members. — The  compression  diagonals  b-f  and  c-g  are 
designed  by  methods  similar  to  those  used  for  the  top  chord  member.  It  was  found  that  4  X 
4-in.  members,  actual  size  assumed  as  3%  X  3;^8  in.,  are  sufficient  as  far  as  stress  condi- 
tions are  concerned.  It  sometimes  happens  that  the  size  of  member  as  designed  must  be  in- 
creased to  provide  sufficient  bearing  area  for  joint  details.  The  actual  sizes  as  designed  are  given 
in  Table  2.     If  changes  are  required,  they  will  be  made  in  Art.  146  on  the  design  of  joints. 

Design  of  Bottom  Chord  Tension  Member. — From  Table  1,  the  maximum  stress  in  the 
bottom  chord  occurs  in  members  a-e-f,  where  the  stress  is  26,670  lb.  tension.  The  net 
area  required  for  the  allowable  working  stress  of  1650  lb.  per  sq.  in.  is  26,670/1650  =  16.2  sq. 
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so'-a' 


in.  In  general,  it  will  be  found  that  in  order  to  provide  for  notching  at  the  joints,  etc.,  the 
adopted  section  must  provide  an  area  about  %  greater  than  the  required  net  area,  or  in  this 
case,  the  adopted  section  shold  provide  at  least  16.2  X  1%  =  27  sq.  in.  A  6  X  6-in.  member, 
actual  size  5J^2  X  5K  in-,  provides  30.25  sq.  in.  This  section  v?ill  be  adopted,  subject  to  the 
condition  that  it  must  provide  the  required  net  area  at  the  joints,  a  point  which  will  be  definitely- 
determined  in  the  following  article. 

The  lower  chord  member  for  the  truss  under  consideration  will  now  be  designed  as  a  built- 
up  section.  It  will  be  assumed  that  2  X  8-in.  plank,  actual  size  \%  X  TH  in.,  are  to  be  used. 
Since  the  rods  composing  the  vertical  members  pass  through  the  chord  section,  an  odd  number 

of  pieces  will  be  provided,  and  the  center  piece,  which 
will  contain  the  rods,  will  not  be  assumed  to  carr\'  any 
of  the  chord  stress.  Assume  a  section  consisting  of 
five  pieces,  placed  as  shown  in  Fig.  162. 

The  splices  in  the  member  ^ill  be  located  as 
shown  in  Fig.  162;  they  will  be  placed  about  a  foot 
from  the  panel  points.  For  the  arrangement  shown, 
the  planks  can  be  ordered  in  lengths  not  to  exceed  20 
ft.  It  will  be  noted  that  in  each  panel,  only  two 
pieces  are  available  at  the  splices  to  carrj^  the  total 
tension.  The  net  area  of  these  pieces  for  the 
member  a-e-f  must  then  be  26,670/1650  =  16.2  sq. 
in.,  or  8.10  sq.  in.  for  each  plank.  Assuming  the 
splices  to  be  made  with  1-in.  bolts,  of  which  there  are  two  on  the  same  vertical  section,  as 
shown  in  Fig.  (c),  the  net  area  of  a  2  X  8-in.  plank  is  1%  (7.5  -  2  X  ly  =  8.95  sq.  in.  The 
assumed  section  is  probably  sufficient,  as  all  notching  for  the  joint  at  /  can  readily  be  made  on 
the  three  inside  members. 


Fig.  162. 


In  determining  the  number,  size,  and  position  of  the  bolts  connecting  the  several  planks  forming  the  bottom 
chord  member,  due  attention  must  be  paid  to  the  transmission  of  stress  across  the  spliced  sections.  Thus  in  Fig. 
162(a),  the  total  stress  in  member  a-e  on  the  section  x-x,  close  to  joint  a,  is  carried  by  four  planks,  assuming  that 
the  center  plank  is  inactive,  as  stated  above.  Therefore,  on  section  x-x  each  plank  has  a  stress  of  26,670/4  = 
6670  lb.  At  the  splice  just  to  the  left  of  joint  e,  all  of  the  load  is  carried  by  the  planks  numbered  2  in  Fig.  (a). 
Therefore  between  the  sections  x-x  and  joint  e,  the  stresses  of  6670  lb.  in  planks  1  have  been  transferred  to  planks 
2,  which  are  fully  stressed  at  the  splice,  as  calculated  above. 

The  stress  in  planks  1  will  be  transferred  to  planks  2  by  means  of  1-in.  bolts,  as  assumed  above.  The  num- 
ber of  bolts  required  will  be  determined  by  the  safe  bearing  on  the  end  fibers  of  the  wood,  and  by  the  safe  bending 
stresses  in  the  bolts.  At  1200  lb.  per  sq.  in.,  the  safe  bearing  for  a  l?^-in.  plank  on  a  1-in.  bolt  is  1200  X  1.625  X 
1  =  1950  lb.  The  number  required  for  bearing  is  then  6670/1950  =  3.42,  or  four  bolts.  Assuming  the  loading 
conditions  on  the  bolts  to  be  as  shown  in  Fig.  (b),  the  total  moment  to  be  carried  by  the  bolts  is  6670  X  1.625 
=  10,820  in. -lb.  From  the  tables  of  safe  bending  moments  on  bolts  for  a  fiber  stress  of  24,000  lb.  per  sq.  in.,  the 
allowable  bending  moment  on  a  1-in.  bolt  is  2360  in.-lb.  Therefore,  10,820/2360  =  4.6,  or  five  bolts  are  required 
for  bending  moment.     These  bolts  are  shown  in  position  in  Fig.  162  (c). 

The  distance  from  the  centers  of  the  bolts  to  the  edge  of  the  splice  is  determined  by  the  required  strength  in 
shearing  on  the  dotted  lines  shown  in  Fig.  (c).  Since  five  bolts  are  to  be  used,  the  load  on  each  bolt  is  6670/5  = 
1335  lb.  From  Art.  142,  the  shearing  value  of  hemlock  parallel  to  the  grain  is  240  lb.  per  sq.  in.  The  required 
distance  from  the  center  of  the  bolt  to  the  edge  of  the  plank  is  then  1335/2  X  1.625  X  240  =  1.72  in.  The  arrange- 
ment shown  in  Fig.  162(c)  is  convenient,  and  will  be  adopted. 

At  the  right  of  the  splice  at  joint  c,  an  arrangement  of  bolts  similar  to  that  described  above  must  also  be 
used,  for  the  stress  in  planks  2  must  be  transferred  to  planks  1  because  of  the  splice  in  planks  2  at  joint  /.  As  the 
calculations  are  similar  to  those  given  above,  they  will  not  be  repeated. 

In  the  panel  f-g,  similar  calculations  must  also  be  made.  As  the  stresses  are  smaller  than  those  in  the  end 
panels,  four  bolts  will  be  found  sufficient.  At  points  between  the  splices,  the  planks  are  to  be  held  together  by  H- 
in.  bolts  placed  about  2-ft.  centers. 

Design  of  Vertical  Tension  Rods. — The  vertical  tension  members  will  be  made  of  round  rods 
threaded  at  the  ends  and  provided  with  square  nuts.  As  shown  in  Table  2,  a  plain  ^^-in. 
diameter  round  rod  provides  some  excess  area  for  member  c-/.  Since  this  is  about  the  small- 
est advisable  size  of  rod  for  such  members,  it  will  be  used.  It  is  to  be  remembered  that  the 
area  of  the  rod  at  the  root  of  thread  governs  the  design. 

Although  member  d-e  has  no  definite  stress,  a  ^^-in.  rod  will  be  used. 
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of  0.665  sq.  in.  at  root  of  thread  is  required.     A  plai 
required  area.     It  will  probably  be  better  practice  to 
jset  end.     From  the  tables  of  upset  ends  for  round  ro 
a  1%-in.  upset  end  is  required. 

Table  2. — Design  of  Members 
cf 
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splices  and  similar  connections  are  given  in  the  chapter  on  Splices  and  Connections — Wooden 
Members. 

Design  of  Joint  b. — As  the  stress  to  be  transmitted  from  member  h-f  to  the  top  chord 
member  is  comparatively  small,  a  notch  detail  of  the  form  shown  in  Fig.  163  will  be  used.  In 
order  to  make  certain  that  the  resultant  pressures  on  the  faces  1-2  and  2-3  intersect  on  the  center 

line  of  the  member  at  point  4,  the  notch  will  be  made  mth  faces 
at  90  deg.,  as  shown  in  Fig.  163.  In  this  way  a  central  con- 
nection is  made  and  eccentric  moments  are  eliminated. 

Assume  a  notch  1  ^  in.  deep  on  face  1-2.  The  dimensions 
and  form  of  the  resulting  notch  are  shown  in  Fig.  163.  These 
dimensions  were  scaled  from  a  large  scale  layout  of  the  joint. 
In  making  the  layout,  the  actual  dimensions  of  the  members 
were  used, 
p  „  Resolving  the  stress  in  member  b-f  into  its  components 

perpendicular  to  the  faces  of  the  notch  by  means  of  a  force 
diagram,  the  forces  to  be  carried  are  as  shown  in  Fig.  163.  Since  these  loads  act  at  an  angle 
to  the  grain  of  the  material,  the  strength  of  the  notch  depends  upon  the  allowable  bearing 
values  on  these  surfaces,  as  determined  by  the  formula  of  Art.  142,  for  which  the  conditions 
are  shown  in  Fig.  159.  The  angles  which  the  surfaces  1-2  and  2-3  make  with  the  grain  of 
the  material  of  the  chord  member  and  of  member  b-f  are  as  shown  in  Fig.  163.  These  angles 
were  measured  with  a  protractor  from  a  large  scale  layout  of  the  joint.  Angles  were  read  to 
the  nearest  half  degree. 

The  allowable  bearing  values  as  calculated  from  the  formula  of  Art.  142  are  as  follows: 

Chord  member: 

surface  1-2,  330  +  0.1815(74)2  =  1330  lb.  per  sq.  in. 
surface  2-3,  330  +  0.1815(16)2  =     375  lb.  per  sq.  in. 
Member  b-f: 

surface  1-2,  330  +  0.1815(52.5)2  =  gsQ  lb.  per  sq.  in. 
surface  2-3,  330  +  0.1815(37.5)2  =  585  lb.  per  sq.  in. 

For  these  allowable  bearing  values,  the  areas  required  are  as  follows: 

Chord  niember: 

surface  1-2,  5200/1330  =     3.90  sq.  in. 

surface  2-3,  3900/  375  =  10.4  sq.  in. 
Member  b-f: 

surface  1-2,  5200/850  =  6. 12  sq.  in. 

surface  2-3,  3900/585  =  6.67  sq.  in. 

These  calculations  show  that  the  required  areas  are  6.12  sq.  in.  for  surface  1-2,  and  10.4  sq. 
in.  for  surface  2-3. 

As  the  notch  1-2  is  assumed  to  be  IH  in.  deep,  the  width  required  on  this  surface  is  6.12/ 
1.25  =  4.90  in.  From  the  design  given  in  Art.  145,  a  4  X  4-in.  member  is  sufficient  for  member 
b-f  as  far  as  the  column  design  is  concerned.  This  member,  however,  does  not  provide  the 
required  width  on  surface  1-2,  as  given  by  the  above  calculations.  The  required  area  can  be 
provided  by  one  of  two  methods ;  either  the  notch  can  be  made  deeper,  or  the  member  can  be 
made  wider.  As  designed  in  Art.  145,  the  chord  member  is  6  in.  wide  and  member  6-/  is  4  in. 
wide.  It  is  therefore  possible  to  increase  the  width  of  member  b-f.  In  this  case  it  does  not 
seem  advisable  to  make  the  notch  deeper  than  assumed,  because  the  excess  area  pro\-ided  by 
the  section  adopted  does  not  allow  much  cutting.  The  required  area  will  be  provided  by  in- 
creasing member  b-f  to  a  4  X  6-in.  section,  actual  size  assumed  as  S^  X  5,^9  m-.  placed  -n-ith 
the  4-in.  side  in  the  plane  of  the  truss,  as  shown  in  Fig.  163.  The  area  provided  on  surface 
1-2  is  then  5.5  X  1.25  =  6.875  sq.  in.,  which  is  satisfactory. 

In  order  to  prevent  member  b-f  from  slipping  out  of  place  due  to  shrinkage  of  the  parts, 
it  is  best  to  provide  a  tenon  projecting  from  the  surface  2-3  into  a  slot  in  the  chord  member,  as 
shown  in  Fig.  163.  This  tenon  should  be  about  1  in.  thick,  and  the  slot  in  the  chord  member 
which  receives  the  tenon  should  be  about  1>^  in  wide.     The  net  width  of  tlie  surface  2-3  is 
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then  5.5  -  1.125  =  4.375  in.  From  Fig.  163,  the  length  of  the  surface  2-3  is  4.53  in.  The  area 
provided  is  then  4.53  X  4.375  =  19.8  sq.  in.  From  the  calculations  given  above,  an  area  of 
10.4  sq.  in.  is  required.     The  detail  is  satisfactory  and  will  be  adopted. 

Fig.  164  shows  another  arrangement  for  joint  h.  A  S-shaped  bent  steel  plate  has  one  of  its  legs  notched  into 
the  chord  member,  while  the  other  leg  forms  a  projection  against  which  the  member  b-f  bears.  The  depth  of  the 
projection  1-2  is  determined  by  the  allowable  bearing  on  this  surface,  which,  from  the  formula  of  Art.  142,  is  330  + 
0.1815(36.8)-  =  575  lb.  per  sq.  in.  Resolving  the  stress  in  6-/ into  components  parallel  and  perpendicular  to  the 
chord  member,  the  loads  shown  in  the  force  diagram  are  obtained. 
Therefore,  the  area  required  on  surface  1-2  =  2910/575  =  4.98  sq.  in. 
If  b-f  be  taken  as  a  4  X  4-in.  member  (actual  size  SJs  in.  square),  the 
required  distance  1-2  =  4.98/3.625  =  1.378  =  IJs  in. 

The  thickness  of  the  plate  is  determined  by  its  strength  as  a  canti- 
lever beam  of  length  Ifs  in.  The  plate  will  be  made  the  full  width  of 
the  chord  member,  which  is  51^2  in.  wide.  Assuming  the  pressure  to 
be  concentrated  at  the  center  of  the  surface  1-2,  the  moment  is  J-2  X 
2910  X  1.375  =  1930  in.  lb.,  and  the  thickness  required  for  a  working 
stress  of  16,000  lb.  per  sq.  in.  is  d  =  (6il///6)!-^  =  (6  X  1930/16,000  X 
5.5)''2  =  0.3625  in.     A  H-in.  plate  will  be  used. 

From  the  formula  of  Art.  142,  the  allowable  bearing  pressure  for 
the  4  X  4-in.  member  on  the  surface  2-3  is  330  -f  0.1815  (53.2)2  =  340 
lb.  per  sq.  in.  The  bearing  area  required  between  the  4  X  4-in. 
member  and  the  under  side  of  the  plate  is  5S30/S40  =  6.95  sq.  in.  On  the  upper  surface  of  the  plate,  the  bearing 
is  directly  on  the  side  of  the  chord  member,  and  the  allowable  bearing  is  330  lb.  per  sq.  in.  The  bearing  area 
required  on  the  lower  face  of  the  chord  member  is  5830/330  =  17.7  sq.  in.  From  a  large  scale  layout  of  the 
joint,  the  dimensions  were  found  to  be  as  shown  in  Fig.  164.  The  bearing  area  provided  between  the  4  X  4-in. 
member  and  the  plate  is  then  3>2  X  35^  =  12.7  sq.  in.,  .and  the  area  provided  between  the  chord  member  and 
the  plate  is  5.5  X  3.5  =  19.2  sq.  in.,  as  the  plate  is  assumed  to  cover  the  full  width  of  the  chord  member. 

The  component  of  thrust  parallel  to  the  chord  member  is  taken  up  by  notching  into  the  chord  nember.  As 
the  bearing  is  on  the  end  fibers  of  the  material,  the  allowable  bearing  is  1800  lb.  per  sq.  in.,  and  the  area  required 

is  2910/1800  =  1.62  sq.  in.  The  depth  of  the  notch  required  is 
1.62/5.5  =  0.294  in.  A  J^-in.  notch  will  be  used,  for  a  shallower 
notch  is  not  effective. 

The  bent  plate  is  kept  in  contact  with  the  chord  member  and 
with  member  b-f  by  means  of  lag  screws,  or  by  means  of  a  bolt  pass- 
ing through  the  members.     Fig.  164  shows  the  adopted  detail. 

Fig.  165  shows  a  detail  for  joint  6  which  makes  use  of  a  cast-iron 
angle  block.  This  block  is  notched  into  the  top  chord  by  means  of 
a  lug  cast  on  the  an^e  block.  Member  b~f  bears  directly  on  the 
end  of  the  angle  block.  In  order  to  save  material,  and  also  to 
reduce  the  weight  of  the  angle  block,  it  will  be  made  up  of  two 
bearing  surfaces,  1-2  and  3-4,  connected  by  a  cast  web. 

The  design  of  an  angle  block  of  the  form  shown  in  Fig.  165 
consists  in  the  determination  of  the  size  of  the  lug  which  notches  into 
the  top  chord,  and  the  thickness  required  for  the  cantilever  beams 
forming  the  bearing  surfaces  1-2  and  3-4.  The  force  diagram  shows 
the  components  of  load  parallel  and  perpendicular  to  the  top  chord 
member. 

The  depth  of  the  lug  must  be  sufficient  to  transfer  to  the  end 
fibers  of  the  top  chord  member  a  stress  of  2910,  as  shown  by  the  force 
diagram.  As  the  allowable  bearing  on  the  end  fibers  of  the  material 
is  1800  lb.  per  sq.  in.,  and  the  width  of  the  chord  member  is  5>2  in., 
the  depth  of  notch  required  is  only  2910/1800  X  5.5  =  0.294  in, 
As  the  required  notch  is  too  shallow  to  be  effective,  a  1-in.  notch 
will  be  used.  The  width  of  the  lug  is  determined  by  its  strength  as 
I  cantilever  beam  under  a  moment  of  2910  X  0.5  =  1455  in. -lb  If  the  working  stress  for  cast  iron  is  taken  as 
1000  lb.  per  sq.  in.,  the  width  required  is  (6M/6/)H  =  (6  X  1455/5.5  X  3000)H  =  0.727  in.  A  width  of  1  in.  will 
)e  adopted.     The  details  of  the  lug  are  as  shown  in  Fig.  165. 

The  area  required  on  the  surface  1-2  is  determined  by  the  bearing  strength  of  the  timber  across  the  fibers, 
vhich  is  330  lb.  per  sq.  in.  From  the  force  diagram,  the  load  to  be  transmitted  to  the  chord  member  is  5830  lb. 
The  area  required  is  then  5830/330  =  17.7  sq.  in.  If  it  be  assumed  that  the  top  surface  of  the  lug  does  not  carry 
ompression  due  to  imperfect  workmanship,  the  area  provided  on  surface  1-2  is  (4.5  —  1.0)  5.5  =  19.3  sq.  in.,  which 
3  ample. 

The  thickness  of  the  upper  bearing  surface  is  determined  by  the  necessary  thickness  when  considered  as  a 
antilever  beam.  Fig.  (6)  shows  a  vertical  section  x-x  of  Fig.  (a).  This  beam  is  subjected  to  a  pressure  of  5830/19.3 
=  303  lb.  per  sq.  in.,  acting  as  shown  in  Fig.  (6).  For  the  conditions  shown,  the  bending  moment  in  a  strip  of 
>eam  1  in.  wide  is  >^  X  303  X  2.25=  =  705  in.-ft).  at  the  edge  of  the  vertical  web.  For  an  allowable  bending  stress 
33 


Joint  fa 


Section  "x-.« 


FiQ.    165. 


520 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  3-146 


The  Bectioz 


of  3000  lb.  per  sq.  in.  for  cast  iron,  the  required  thickness  is  (6Af/6/)'/^=  (6  X  765/3000)'^  =  1.24 in 
will  be  made  l>i  in.  thick. 

By  a  similar  process  it  will  be  found  that  the  thickness  of  the  bearing  surface  3-4  can  also  be  made  1 J^  in.  thick 
The  angle  block  will  be  fastened  to  the  chord  member  by  means  of  lag  screws.  To  hold  the  member  6-/ in  place 
side  pieces  will  be  cast  on  the  lower  bearing  surface.  Lag  screws  through  the  projections  thus  formed  will  hold  th< 
member  rigidly  in  position.     All  details  are  shown  in  Fig.  165. 

Member  b-e,  the  vertical  tension  rod,  passes  through  the  chord  member  and  bears  on  the  chord  by  means  of  s 

cast  washer.  As  member  b-e  has  no  definite  stress,  5 
washer  similar  to  the  one  designed  for  joint  c  will  be  used 
Fig.  166  (c)  shows  the  details  of  the  washer. 

Design  of  Joint  c. — Fig.  166  shows  two  de 
signs  for  joint  c.  The  design  methods  are  similai 
to  those  used  for  joint  b.  Fig.  (a)  shows  a  join 
made  by  notching,  and  Fig.  (b)  shows  an  angl< 
block  design.  Due  to  the  angle  between  mem 
ber  c-g  and  the  top  chord  member,  a  solid  blocl 
was  used  in  this  case. 

The  vertical  rod  c-f  transmits  to  the  uppe 
chord  its  stress  of  2990  lb.  This  load  is  brough 
to  the  top  of  the  chord  member  by  a  washer 
In  this  case  a  cast  angle  washer  will  be  used,  a 
shown  in  Fig.  166  (c).  The  design  of  thi 
washer  consists  in  providing  a  base  area  suffi 
cient  to  transmit  to  the  top  fibers  of  the  chord  member,  a  stress  of  2680  lb.,  the  component  o 
stress  perpendicular  to  the  chord  member,  and  in  providing  an  area  at  the  toe  of  the  washe 
which  will  provide  for  a  load  of  1340  lb.,  the  component  of  stress  parallel  to  the  chord  membei 
The  stresses  to  be  carried  were  determined  from  the  force  diagram. 

As  stated  in  Art.  142,  the  bearing  under  washers  which  bear  perpendicular  to  the  grai 
is  412.5  lb.  per  sq.  in.  The  area  required  on  surface  1-2  of  Fig.  (c)  is  then  2680/412.5  =  6. 
sq.  in.  Since  the  rod  composing  member  c-/is  ^i  in.  in  diameter,  the  hole  in  the  washer  shoul 
be  about  1  in.  in  diameter.  As  the  hole  in  the  base  of  the  washer  is  elliptical  in  form,  the  are 
will  be  taken  as  1.5  sq.  in.     The  required  gross  area  ^ 

of  the  base  is  then  6.5  +  1.5  =  8.0  sq.  in.      A  3  X  3  f 

in.  base  will  be  used.  j^^. 

To  resist  the  component  of  load  parallel  to  the 
chord  member,  the  washer  will  be  set  into  the  chord 
member.  As  the  allowable  end  bearing  on  the  fibers 
is  1800  lb.  per  sq.  in.,  and  as  the  washer  is  3  in.  wide, 
the  indentation  must  be  at  least  1340/1800  X  3  = 
0.25  in.  A  ^^-in.  indentation  will  be  used,  as  shown 
in  Fig.  (c). 


Other  forms  of  washer  details  in  common  use  for  sloping 
chords  are  shown  in  Figs,  (d)  and  (e).  In  the  form  shown  in 
Fig.  (d),  the  top  chord  is  notched  to  form  a  horizontal  surface. 
A  round  or  square  washer  is  then  used  whose  base  area  is  de- 
termined for  the  allowable  bearing,  as  calculated  from  the 
formula  of  Art.  142.  Fig.  (e)  shows  a  bent  plate  washer.  The 
design  of  this  detail  is  similar  to  the  one  shown  in  Fig.  (c). 

Design  of  Joint  d. — Joint  d,  the  apex  joint,  is  a 
butt  joint  in  which  the  members  intersect  at  an  angle. 
The  design  of  this  joint  consists  in  providing  the  proper  area  between  the  abutting  surface 
and  the  provision  of  proper  bearing  under  the  washer  on  the  vertical  member  d-g.  Rigi 
fastenings  are  to  be  provided  in  order  to  hold  the  members  in  line. 

Fig.  167  shows  a  detail  of  the  apex  joint  in  which  the  top  chord  members  from  the  two  side 
of  the  truss  butt  against  each  other  on  a  vertical  line  and  against  a  plate  washer  on  the  end  c 


Fig.  167. 
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leinlier  d-g,  the  vertical  rod.  The  maximum  stress  in  member  c-d  is  17,820  lb.,  as  given  in 
alile  1.  This  stress  is  due  to  the  vertical  loading  of  40  lb.  per  sq.  ft.  of  covered  area,  for  which 
10  jianel  load  is  5320  lb.  The  stresses  in  all  members,  and  the  panel  load,  are  shown  in  position. 
The  details  of  the  joint  depend  on  the  method  of  supporting  the  purlin  at  this  point.  If 
le  purlin  is  set  on  the  top  of  the  washer,  the  bearing  area  on  the  under  side  of  the  washer 
lUst  be  determined  for  the  vertical  components  of  the  stresses  in  the  chord  members.  From 
le  force  diagram,  the  load  to  be  carried  is  2  X  7980  =  15,960  lb.  If  a  detail  of  the  form 
lown  in  Fig.  178  {h)  is  adopted,  where  the  purlin  load  is  distributed  equally  to  the  two  chord 
lembers,  the  load  to  be  provided  for  on  the  under  side  of  washer  is  15,960  —  5320  =  10,640  lb., 
Jihich  is  equal  to  the  stress  in  the  vertical  rod.  The  latter  detail  will  be  adopted  in  this  case, 
3  shown  on  the  general  drawing,  Fig.  179. 

From  the  formula  of  Art.  142,  the  allowable  bearing  on  the  iinder  side  of  the  washer  is  330  +  0.1815  (26.5)« 
^60  lb.  per  sq.  in.,  and  that  on  the  vertical  bearing  surface  is  330  +  0.1815  (63. 5)^  =  1060  lb.  per  sq.  in.  The 
ea  required  on  the  under  side  of  the  washer  is  then  10,640/460  =  23.1  sq.  in.,  and  on  the  vertical  bearing  surface 
le  area  required  is  15,960/1060  =  15.1  sq.  in  Assuming  the  plate  washer  to  cover  the  full  width  of  the  chord 
ember,  the  length  required  is  23.1/5.5=  4.2  in.  To  allow  for  the  area  taken  out  for  the  vertical  rod,  a  5>^-in. 
iiuare  steel  plate  will  be  used,  as  shown  in  Fig.  167  (a).  If  the  horizontial  bearing  area  for  each  chord  member 
made  2^4  in.,  a  layout  of  the  joint  will  show  that  the  vertical  bearing  surface  is  about  4^4  in.  The  area  pro- 
ded  on  the  vertical  bearing  surface  is  then  4.75  X  5.5  =  26.13  sq.  in.,  which  is  more  than  required. 

The  thickness  of  the  plate  washer  will  be  determined  on  the  assumption  that  it  forms  a  double  cantilever  beam, 
ig.  (h)  shows  the  assumed  distribution  of  loading,  which  is  approximate  but  accurate  enough  under  the  con- 
tions.  The  moment  to  be  carried  on  section  i-x  is  5320  X  1,375  =  7,315  in. -lb.  For  an  assumed  working  stress 
16,000Ib.  per  sq.  in.,  the  thickness  required  is  rf  =  (eilZ/fe/)!-^  =  (6X  7315/4X16,000)'/^=  0.83  in.  A  K-in.  plate 
ill  be  used.  As  shown  in  Fig.  (b),  a  l>^-in.  hole  is  provided  in  the  washer  for  the  vertical  member,  which  leaves 
net  width  on  section  x-x  of  6  =  5.5  —  1.5  =  4.0  in. 


,e'x4'/<ey 


Joint  a 

Fig.   169. 

To  hold  the  chord  members  in  place,  short  pieces  of  2  X  6-in.  plank  are  fastened  to  the  faces  of  the  chord 
embers  by  means  of  J^-in.  bolts.     These  pieces  do  not  carry  any  definite  stress. 

Fig.  168  shows  two  forms  of  cast-iron  block  details  for  the  joint  at  point  d  In  the  design  of  Fig.  (o),  the  bearing 
iirfaces  required  are  determined  by  the  same- methods  as  used  in  the  design  of  Fig.  167.  The  required  thickness  of 
etal  can  be  determined  by  considering  the  upper  surface  to  be  a  fixed  ended  beam  supported  by  the  Side  surfaces, 
he  details  shown  in  Fig.  168  are  more  expensive  than  the  one  shown  in  Fig.  167.  It  is  doubtful  if  the  added  ex- 
jnse  is  worth  while,  for  the  detail  of  Fig.  167  is  simple,  effective,  and  inexpensive. 

Design  of  Joint  a. — The  design  of  the  joint  at  a,  the  heel  of  the  fruss,  requires  careful  con- 
deration.  At  this  point  the  stresses  to  be  provided  for  are  greater  than  at  any  other  point  in 
le  truss.  In  general  the  members  meet  at  an  acute  angle,  which  adds  to  the  difficulties 
icovmtered  in  the  design.  Designs  will  be  worked  out  in  detail  for  a  joint  formed  by  notching 
.  ne  member  into  the  other;  for  one  formed  by  a  bent  strap  with  lugs;  for  a  joint  consisting  of 
teel  side  plates;  and  for  a  cast-iron  shoe. 

Fig.  169  shows  an  arrangement  for  a  joint  at  point  a  formed  by  notching  the  top  chord 
lember  into  the  lower  chord  member.     The  notch  is  so  arranged  that  the  surfaces  1-2  and  3-4 
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provide  equal  areas.     The  connection  formed  between  the  members  is  central  and  no  eccent 
moments  are  to  be  provided  for. 

It  can  be  seen  from  Fig.  169  that  the  bearing  value  at  the  notches  is  governed  by  the  alio 
able  values  for  the  horizontal  member.  From  the  formula  of  Art.  142,  the  allowable  beari 
is  330  +  0.1815  (63.5)2  =  1060  lb.  per  sq.  in.  Hence  the  total  area  to  be  provided  on  surfac 
1-2  and  3-4  is  29,800/1060  =  28.1  sq.  in.  If  the  notches  are  made  1%  in.  deep,  as  shown 
Fig.  169,  the  width  of  bearing  required  is  K  X  28.1/1.875  =7. 5  in.  From  Table  2,  the  stress 
member  a—b  calls  for  a  6  X  6-in.  piece,  of  which  the  actual  width  is  53^  in.  Since  it  is  i 
advisable,  and  in  fact  impossible  in  this  case  to  make  the  notches  deeper  because  of  the  redt 
tion  in  the  available  net  area  of  the  lower  chord  section,  the  members  must  be  made  widei 
this  form  of  joint  is  to  be  used.  The  calculations  above  show  that  a  6  X  8-in.  member,  acti 
width  7J^  in.,  must  be  used  for  both  the  top  and  bottom  chord  members.  This  change  will 
made  and  the  other  details  of  the  design  will  be  worked  out. 

The  net  area  of  the  lower  chord  member  must  now  be  checked  up.  As  shown  in  Fig.  1( 
the  weakest  section  is  on  a  vertical  section  through  point  4,  where  the  net  area  provided 
7.5  X  3  =  22.5  sq.  in.  From  Table  2,  the  net  area  required  for  member  a-eis  16.2  sq.  in.  T 
area  furnished  is  therefore  ample,  provided  no  further  cutting  is  required. 

The  loads  brought  to  the  surfaces  1-2  and  3-4  must  be  resisted  by  the  shearing  resistai 
offered  by  the  surfaces  2-6  and  4-7.  The  shearing  resistance  developed  must  be  equal  to  t 
horizontal  component  of  the  stress  in  the  top  chord  member,  which  is  26,670  lb.,  as  shown  by  t 
force  diagram.  Assuming  that  surface  2-6  carries  one  half  of  this  load,  the  length  requii 
on  surface  2-6  is  3-2  X  26,670/240  X  7.5  =  7.4.,  when  the  shearing  working  stress  is  240 
per  sq.  in.,  as  given  in  Art.  142.  Surface  4-7  is  below  surface  2-6  so  that  it  can  be  counted  up 
to  act  as  shear  resisting  area.  To  provide  some  excess  area  due  to  possible  defects  in  the  n 
terial,  the  bottom  chord  member  will  be  extended  12  in.  beyond  the  intersection  of  cen 
lines,  as  shown  in  Fig.  169.  A  layout  of  the  joint  will  show  that  the  lower  chord  member  v 
not  project  outside  the  roof  line  if  the  purlin  is  placed  with  its  lower  surface  on  the  same  le 
as  the  under  side  of  the  top  chord  member. 

The  top  chord  member  will  be  held  in  place  on  the  lower  chord  member  by  means  of  bo 
passing  through  the  members,  as  shown  in  Fig.  169.  These  bolts  do  not  carry  any  defin 
stress,  as  they  serve  only  to  hold  the  parts  together.  Two  %-in.  bolts  will  be  used,  located 
shown  in  Fig.  169.  In  order  to  avoid  further  cutting  of  the  lower  chord  member  to  provide  sej 
for  the  washers  at  the  lower  ends  of  the  ^4-in.  bolts,  a  6  X  8-in.  timber,  known  as  a  corbel,  v 
be  bolted  to  the  under  side  of  the  chord  member,  as  shown  in  Fig.  169. 

Although  the  ^^-in.  bolts  do  not  carry  any  definite  stress,  it  is  usual  to  assume  that  t 
probable  maximum  stress  in  the  bolt  is  equal  to  its  full  net  strength  in  tension.  Washer  deta 
and  bearing  areas  are  then  determined  for  this  load.  As  the  area  at  the  root  of  thread  foi 
^i-in.  bolt  is  0.302  sq.  in.,  the  probable  maximum  bolt  stress  is  16,000  X  0.302  =  4830  lb.  I 
the  conditions  shown  in  Fig.  169,  the  allowable  bearing  value  under  the  washers  is  govern 
by  the  conditions  under  the  corbel.  From  the  formula  of  Art.  142,  the  allowable  bearing  val 
is  330  +  0.1815  (26.5)2  =  460  lb.  per  sq.  in.  As  stated  in  Art.  142,  this  may  be  increased  1 
washers  which  cover  only  a  part  of  the  area  of  the  bearing  surface.  The  bearing  area  requir 
is  then  4830/460  X  1.25  =  8.4  sq.  in.  From  the  table,  of  Standard  Cast  "Washers  given 
p.  246,  it  will  be  found  that  the  standard  washer  for  a  fi-in.  bolt  provides  a  bearing  area 
about  7.9  sq.  in.  Under  the  conditions,  a  standard  washer  will  be  used,  although  the  ar 
provided  is  somewhat  deficient.  If  the  discrepancy  in  area  is  greater  than  for  the  case  und 
consideration,  it  will  be  best  to  design  a  special  steel  plate  washer  similar  to  those  used  at  joir 
d,  f,  and  g. 

Since  the  probable  bolt  stresses  are  inclined  to  the  axis  of  the  corbel,  keys  or  wedges  mv 
be  inserted  between  the  lower  chord  member  and  the  corbel  to  prevent  any  movement  of  t 
parts.  If  three  wooden  keys  are  provided,  as  shown  in  Fig.  169,  each  key  must  take  one-thi 
of  the  horizontal  component  of  the  total  stress  in  the  bolts.  From  a  force  diagram,  the  ho 
zontal  component  of  the  stress  in  the  bolts  is  fovind  to  be  2  X  2,160  =  4320  lb.  In  additi 
to  this  load,  the  keys  must  also  provide  for  the  horizontal  component  of  the  reaction  due    t 


Sec.  3-146] 


STRUCTURAL  DATA 


523 


wind.  From  the  coefficients  for  wind  load  reactions  given  in  the  chapter  on  Roof  Trusses 
Stress  Data,  the  maximum  horizontal  force  to  be  provided  for  is  2.06  X  2,220  X  sin  26° 
34'  =  2050  lb.       The  total  to  be  carried  by  the  keys  is  then  4320  +  2050  =  6550  lb. 

A  2  X  4-in.  key,  actual  size  l^g  X  3^8  in.,  will  be  assumed.  Fig.  (h)  shows  the  condi- 
tions for  which  the  key  is  to  be  designed.  The  area  required  for  bearing  against  the  side  fibers 
of  each  key  is  }-3  X  6550/412.5  =  5.28  sq.  in.,  assuming  a  working  stress  as  for  bearing  under 
washers.  The  area  provided  by  the  assumed  key  is  ^2  X  1.625  X  7.5  =  6.08  sq.  in.,  which  is 
sufficient.  The  length  of  the  key  is  determined  by  the  area  required  to  develop  a  shearing 
resistance  equal  to  one-third  of  the  total  horizontal  force  to  be  carried,  which  is  K  X  6550  = 
2183  lb.  As  given  in  Art.  142,  the  allowable  shearing  stress  transverse  to  the  grain  is  150  lb. 
per  sq.  in.  The  area  required  for  each  key  is  then  2183/150  =  14.5  sq.  in.  As  shown  in  Fig. 
(6)  the  area  provided  by  a  key  on  the  surface  1-2  is  3.625  X  7.5  =  27.2  sq.  in.  The  assumed 
key  is  satisfactory.  To  prevent  the  key  from  twisting,  due  to  the  eccentric  application  of  the 
forces,  a  ^^-in.  bolt  will  be  placed  close  to  each  key,  as  shown  in  Fig.  (a). 

The  bearing  area  provided  between  the  masonry  wall  and  the  corbel  is  determined  by  the 
allowable  bearing  on  the  masonry,  which  is  given  in  Art.  142  as  300  lb.  per  sq.  in.  From  Art. 
144  it  will  be  found  that  the  reactions  at  the  wall  are  as  follows:  dead  load,  5500  lb.; snow  load, 
8940  lb. ;  wind  load,  vertical  component  4100  lb.,  horizontal  component  2050  lb.  The  resulting 
reactions  are  then:  (a)  dead  load,  minimum  snow  load,  and  maximum  wind  load,  vertical  com- 
ponent 14,070  lb.,  horizontal  component  2050  lb.;  {h)  dead  load,  maximum  snow  load,  and  mini- 
mum wind  load,  vertical  component  14,810  lb.,  horizontal  component  700  lb.;  and  (c)  reaction 
due  to  a  vertical  load  of  40  lb.  per  sq.  ft.  of  covered  area,  15,960  lb.  Case  (c)  therefore  deter- 
mines the  required  bearing  area,  which  is  15,960/300  =  53.3  sq.  in.  If  a  12-in.  wall  is  assumed, 
the  arrangement  shown  in  Fig.  169  provides  a  bearing  area  of  12  X  7.5  =  90  sq.  in.,  which  is 
greater  than  required.  To  prevent  horizontal  movement  on  the  wall,  the  corbel  will  be  notched 
over  the  wall,  as  shown  in  Fig.  169.  The  area  required  in  bearing  against  the  wall  is  2050/300 
=  6.83  sq.  in.     A  1-in.  notch  will  provide  7.5  sq.  in. 

Fig.  170  shows  a  design  made  up  for  a  bent  strap  with  a  lug  notched  into  the  lower  chord.  It  will  be  assumed 
that  all  of  the  stress  in  the  top  chord  member  is  transferred  to  the  lower  chord  member  by  means  of  the  bent  strap. 
The  bolts  serve  only  to  hold  the  parts  together. 

The  bearing  areas  on  surfaces  1-2  and  2-3  must  be  large  enough  to  provide  for  the  components  of  forces  shown 
in  the  force  diagram.  From  the  formula  of  Art.  142,  the  allowable  bearing  value  on  the  surface  1-2  is  1060  lb.  per 
sq.  in.,  and  that  on  surface  2-3  is  460  lb.  per  sq.  in. 
Since  the  fibers  at  the  end  of  the  top  chord  member  are 
confined  by  the  bent  strap,  which  tends  to  increase  the 
allowable  bearing  value,  it  seems  reasonable  to  allow  an 
increase  of  25  %  in  the  working  value  given  above.  The 
bearing  areas  required  are:  surface  1-2,  26,700/1060  X 
1.25  =  20.1  sq.  in.;  and  surface  2-3,  13,335/460  X  1.25 
=  23.2  sq.  in.  Since  the  under  side  of  the  bent  strap  g^ 
bears  directly  on  the  side  fibers  of  the  lower  chord  mem- 
ber, the  allowable  bearing  is  330  lb.  per  sq.  in.  If  this 
be  increased  25%,  as  assumed  above,  the  area  required 
is  13,335/330  X  1.25  =  32.4  sq.  in. 

In  order  to  secure  a  notch  of  reasonable  depth  on 
line  1-2  of  Fig.  170,  it  will  be  found  necessary  to  increase 
the  width  of  the  chord  members  to  8  in.,  as  in  the 
case  of  the  design  of  Fig.  169.  A  notch  2^4  in.  deep 
will  provide   an  area  of  2.75  X  7.5  =  20.6  sq.  in.,  which 

slightly   exceeds   the   required   area.     On  surface   2-3,   an   area   of  6.75    X    7.5  =  50.6  sq.  in.  is  provided,  which 
exceeds  the  area  required. 

The  strap  must  be  set  into  the  chord  member  to  a  depth  which  will  provide  for  the  horizontal  component  of 
26,670  lb.  in  bearing  on  the  end  fibers  of  the  material.  Assuming  that  one-half  of  the  load  is  taken  at  the  front  end 
of  the  strap  detail,  and  that  the  other  half  is  taken  by  a  lug  at  the  rear  end,  the  depth  of  notch  required  at  each 
place  is  26,670/2  X  ISOO  X  7.5  =  0.988  in.     A  1-in.  notch  will  be  used,  as  shown  in  Fig.  170. 

The  thickness  of  the  strap  is  determined  by  the  conditions  at  the  lug  on  the  rear  end.  Considering  the  lug  to 
be  a  cantilever  beam  which  carries  half  of  the  horizontal  component  of  the  stress  in  the  top  chord  member,  and 
assuming  that  the  thickness  of  the  strap  is  Ji  in.,  the  bending  moment  to  be  carried  by  the  strap  is  J2  X  13,335 
(1.0  +  0.75)  =  11,700  in. -lb.  This  moment  occ\irs  on  a  vertical  section  at  the  point  where  the  lug  joins  the  hori- 
zontal portion   of  the  strap.     Assuming  that  the  strap  is  made  of  steel  for  which  the  allowable  working  stress  is 
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16,000  lb.  per  sq.  in.,  the  required  thickness  is  (6Af/6/jH  =  (6  X  11,700/7.5  X  16,000)!-^  =0.765  in.  A  Ji-in.  strap 
l\i  in.  wide  will  be  used,  arranged  as  shown  in  Fig.  170.  It  is  necessary  also  to  make  certain  that  the  net  area  o) 
the  strap  is  sufficient  to  act  as  a  tension  member.  As  the  tension  area  required  is  13,335/16,000  =  0.835  sq.  in., 
the  strap  furnishes  excess  area. 

To  hold  the  strap  in  place  on  the  end  of  the  top  chord  member,  two  l/^-xn.  bolts,  placed  about  4  in.  center  tc 
center,  will  be  used.  These  bolts  do  not  carry  any  definite  stress,  but  experience  has  shown  that  the  joint,  to  be 
effective,  must  have  all  of  its  parts  held  securely  in  position.  Bolts  of  the  size  adopted  will  be  found  to  be  ample 
for  trusses  of  the  size  under  consideration. 

The  strap  will  be  held  in  place  on  the  lower  chord  member,  partly  by  means  of  a  block  keyed  in  place,  and  partly 
by  means  of  vertical  bolts  placed  close  to  the  face  of  the  lug,  as  shown  in  Fig.  170.  An  exact  determination  of  the 
stress  in  these  bolts  can  not  be  made.  By  assuming  that  the  moment  of  the  stress  in  the  bolt  taken  about  the  edge 
of  the  wedge  block  is  equal  to  the  moment  on  the  lug  considered  as  a  cantilever,  an  approximate  determination  oi 

the  bolt  stress  can  be  made.  On  this  assumption 
the  moment  of  the  bolt  stress  is  11,700  in. -lb  ,  as 
calculated  above.  By  scale  from  Fig.  170  the 
lever  arm  of  the  bolt  stress  about  the  edge  of  the 
wedge  block  is  1  in.  The  stress  in  the  bolt  is 
then  about  11,700  lb.  At  16,000  lb.  per  sq.  in., 
an  area  of  11,700/16,000  =  0.73  sq.  in.  is  re- 
quired. Two  J-8-in.  bolts  will  furnish  the  required 
area. 

The  length  required  on  the  surface  4-6  to 
resist  in  shear  the  load  brought  to  surface  4-5, 
and  all  details  of  the  corbel  and  keys,  are  calcu- 
lated by  the  methods  given  for  the  design  of  Fig. 
169.  All  details  of  the  adopted  design  are  shown 
in   Fig.    170. 

Fig.  171  shows  a  detail  for  joint  a  made  up 
of  structural  steel  plates  and  shapes.  In  this 
design  the  stresses  in  the  top  and  bottom  chord 
members  are  transferred  to  steel  side  plates  by 
means  of  lugs  riveted  to  the  plates.  The  load  is 
transferred  from  the  side  plates  to  the  masonry 
walls  by  a  shoe  composed  of  angles  riveted  to  a 
short  piece  of  rolled  channel.  A  detail  of  the 
form  shown  in  Fig.  171  is  especially  useful  for 
trusses  in  which  the  distance  from  the  intersection 
point  of  the  center  lines  of  members  and  the  end 
of  the  truss  is  limited,  as,  for  example,  in  struc- 
tures in  which  the  walls  are  built  up  above  the 
lower  chord  of  the  trusses.  A  long  overhanging 
end  detail  of  the  form  shown  in  Figs.  169  or  170 
could  not  be  used  in  such  cases,  for  the  end  of  the 
truss  would  project  through  the  walls. 

As  shown  in  Fig.    171    (a),   the  stress  in  the 

top  chord  member  is  transferred  to  the  side  plates 

by  means  of  four  lugs.     The  load  on  each  lug  is 

then  29,800/4    =    7450  lb.      Since  the  allowable 

bearing  pressure  on  the  end  fibers  of  the  material  is  1800  lb.  per  sq.  in.,  and  since  the  chord  member  is  5.5  in.  wide, 

the  depth  of  notch  required  is  7450/1800  X  5.5  =  0.753  in.     A  J-g-in.  lug  will  be  used.     As  the  amount  of  cutting 

to  provide  notches  on  the  chord  hiembers  is  small,  the  6  X  6-in.  section  designed  in  Table  2  can  be  used. 

The  lugs  will  be  fastened  to  the  side  plates  by  rivets  ?4-in.  in  diameters.  From  the  tables  of  rivet  values  given 
in  the  chapter  on  Splices  and  Connections — Steel  Members,  the  value  of  a  ?4-in.  rivet  in  single  shear  is  4420  lb.' 
Hence,  7450/4420  =  2  rivets  are  required  in  each  lug,  as  shown  in  Fig.  (a).  In  order  to  provide  room  for  these 
rivets,  the  lugs  will  be  made  2\i,  in.  wide. 

The  distance  between  the  lugs  on  the  top  chord  member  is  determined  by  the  shearing  area  required  to  resist 
the  load  on  the  lugs.  Since  the  load  to  be  carried  by  each  lug  is  7450  lb.,  and  since  the  allowable  shear  is  240  lb.  per  i^~ 
sq.  in.,  the  area  required  between  lugs  is  7450/240  =  31.0  sq.  in.  As  the  top  chord  member  is  SJ-a  in.  deep,  the  dis- 
tance between  the  lugs  must  be  31.0/5.5  =  5.64  in.  To  allow  for  inequalities  in  material  and  uneven  bearing  on  the 
lugs,  the  clear  distance  between  lugs  will  be  made  73-2  in.,  as  shown  in  Fig.  (a).  As  the  top  chord  member  is  in 
compression,  the  shear  area  must  be  provided  to  the  right  of  the  lug,  or  toward  the  apex  of  the  truss.  For  the  lower 
chord  member,  which  is  in  tension,  the  shear  area  must  be  provided  to  the  left  of  the  lug — that  is,  between  the  end 
of  the  truss  and  the  lug.  The  arrangement  of  lugs  shown  on  Fig.  (a)  for  tlje  lower  chord  member  provides  more 
shear  area  between  the  lugs  than  is  required  to  carry  the  loads.  The  lugs  are  placed  as  shown  in  order  to  bind  the 
plates  firmly  to  the  chord  member. 

The  thickness  of  the  side  plates  is  determined  either  by  the  limiting  slenderness  ratio  required  as  a  compression 
member  at  the  lower  end  of  the  top  chord  member,  or  by  the  section  required  to  resist  the  bending  stresses  due  to  the 
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16,670  lb. 


ipplied  loads.  From  Fig.  171  (a),  the  maximum  unsupported  length  of  plate  at  the  top  chord  member  is  about  8  in. 
[f  1/t  is  limited  to  125,  the  minimum  allowable  r  =  8/125  =  0.064  in.  For  a  rectangle  r  =  0.289  rf.  Therefore, 
i  =  0.064/0.289  =  0.22  in.  Since  it  will  be  necessary  to  countersink  some  of  the  rivets  in  the  rear  face  of  the  plate, 
n  order  to  secure  a  smooth  face,  a  plate  at  least  Jg  in.  thick  must  be  used,  as  shown  by  the  dimensions  of  counter- 
mnk  rivet  heads  given  in  the  chapter  on  Splices  and  Connections — Steel  Members. 

Fig.  171  (6)  shows  the  forces  acting  on  one  of  the  side  plates  at  a  section  where  the  depth  of  plate  is  10  in. 
The  forces  shown  on  section  x-x  represent  the  internal  stresses.  These  forces  are  a  shear  of  7980  lb.,  a  thrust  of 
5670  lb.,  and  a  bending  moment  about  the  center  of  gravity  of  the  section  of  14,900  X  1.7  +  6670  X  2.2  =  50,000 
lb.  The  extreme  fiber  stress,  which  is  compressive,  occurs  at  the  upper  edge  of  the  plate.  The  fiber  stress  is  to 
je  calculated  from  the  formula  given  in  Art.  100  for  bending  and  direct  stress,  from  which  /  =  P/A  +  Mc/I  = 
5670/ 10  X  0.375  +  6  X  50,000/0.375  X  10^  =  1780  +  8000  =  9780  lb.  per  sq.  in.  The  effect  of  shear  can  be 
leglected,  as  in  the  case  of  ordinary  beam  design.  Other  sections  were  investigated,  but  fiber  stress  at  section  x-x 
vas  found  to  be  a  maximum.  Since  the  fiber  stress  found  above  is  well  within  allowable  limits,  the  J|-in.  plate  will 
)e  adopted. 

The  side  plates  are  held  in  place  against  the  chord 
nembers  by  means  of  bolts  placed  as  shown  in  Fig.  (a). 
ig.  (c)  shows  tiie  forces  acting  on  one  of  the  lugs  at  the  com- 
jression  chord.  These  forces  tend  to  cause  a  clockwise  rota- 
ion  of  the  lug.  This  rotation  is  resisted  by  bending  in  the 
ide  plates,  by  tension  in  bolt  1,  and  by  compression  on  the 
ide  fibers  of  the  timber  at  bolt  2.  Neglecting  the  effect  of 
he  bending  of  the  side  plate,  and  assuming  that  the  com- 
)ression  is  concentrated  at  the  bolt,  the  resisting  forces  are 
ound  to  be  7450  X  0.625/3.5  =  1330  lb.  Fig.  (c)  shows  the 
onditions  on  which  this  equation  is  based.  To  carry  this 
tress,  M-in.  bolts  will  be  used,  arranged  as  shown  in  Fig.  (a), 
^t  bolt  2  the  side  plate  presses  against  the  chord  member 
vith  a  force  of  1330  lb.  If  the  allowable  bearing  on  the  side 
»f  the  chord  member  be  assumed  to  be  the  same  as  for 
vashers,  the  width  of  bearing  required  is  1330/412.5  X  5.5 
=  0.6  in.  As  the  side  plate  extends  IM  in.  beyond  the  lug, 
jroper  provision  has  been  made  for  the  compression  at  this 
)lace.  The  lugs  on  the  lower  chord  member  are  subjected 
;o  similar  conditions.      Fig.  (a)  shows  the  adopted  arrange-  Fig.  172. 

nent  of  lugs  and  bolts. 

The  details  of  the  shoe  are  as  shown  in  Fig.  (a).  Short  pieces  of  3J-^  X  3>^  X  >^-in.  angle  are  riveted  to  the 
ide  plates.  As  the  maximum  vertical  reaction  is  15,960  lb.,  and  the  rivets  are  in  single  shear,  15,960/4420  =4 
ivets  are  required.  In  Fig.  (a)  six  rivets  are  shown  in  place.  The  sole  plate  is  formed  by  an  8-in.  11.25-lb.  chan- 
lel.  The  flanges  of  the  channel  are  placed  downward  and  provide  resistance  against  horizontal  motion,  taking 
he  place  of  the  notch  used  in  the  design  of  Fig.  169. 

A  modified  form  of  the  joint  of  Fig.  171  is  shown  in  Fig.  172.  In  this  design  the  side  plates  do  not  extend  far 
nough  along  the  lower  chord  member  to  include  the  shoe,  which  is  fastened  directly  to  the  chord  member.  The 
tresses  in  the  chord  members  are  transferred  to  the  side  plates  from  which  the  combined  loads  are  transferred  back 
:;o  the  lower  chord  member  and  thence  to  the  wall  through  the  shoe.  This  arrangement  causes  a  bending  moment  at 
he  end  of  the  lower  chord  member,  and  also  causes  vertical  forces  to  be  sent  up  which  must  be  resisted  by  the  bolts 
it  A  and  B  of  Fig.  172  (a).  From  Fig.  (a),  the  moment  in  the  chord  members  is  (15,960-2660)  7.25  =  96,500  in. -lb. 
Fig.  (6)  shows  the  side  plates  removed  with  all  forces  in  position.  To  hold  the  plate  in  equilibrium  under  the 
iction  of  the  stresses  in  the  chord  members,  forces  P  and  Q  must  act  as  shown.  These  forces  can  be  determined 
ubject  to  the  conditions  that  moments  about  any  point  outside  of  the  plate  must  be  zero,  and  that  P-Q  is  equal  to 
he  vertical  component  of  the  top  chord  stress.     Fig.  (h)  shows  the  resulting  values. 

The  design  of  this  form  of  joint  will  not  be  carried  beyond  this  point.  Design  method  for  the  determination 
;)f  the  sizes  of  bolts  required  at  A  and  B  are  given  in  the  chapter  on  Splices  and  Connections — Wooden  Members, 
irhe  fiber  stresses  in  the  chord  member  can  be  determined  by  the  methods  given  for  the  design  of  wooden  beams. 

The  arrangement  of  Fig.  171  is  decidedly  better  than  the  one  of  Fig.  172;  the  former  detail  is  therefore  recom- 
nended,  as  the  latter  detail  leads  to  very  heavy  bending  and  bolt  stresses  in  the  case  of  large  structures. 

Fig.  173  shows  a  design  for  joint  a  in  which  a  cast  shoe  is  used.  The  horizontal  component  of  the  top  chord 
tress,  which  is  26,670  lb.,  is  transferred  to  the  bottom  chord  member  by  means  of  lugs  set  into  the  lower  chord. 
The  vertical  component  of  the  top  chord  stress  is  transferred  to  the  lower  chord  member  in  bearing  on  its  upper 
ibers.  It  is  the  usual  practice  in  the  design  of  a  shoe  of  the  form  shown  in  Fig.  173  to  assume  that  the  bearing  on 
urface  2-4  is  uniformly  distributed  over  the  area  of  contact  between  the  shoe  and  the  chord  member.  This  as- 
umption  holds  true  only  when  XV,  the  vertical  component  of  the  top  chord  stress,  is  applied  at  the  center  of  the 
)earing  area  on  the  chord  member.  In  the  case  under  consideration,  which  is  shown  in  Fig.  173,  XV  intersects  the 
urface  2-4  at  a  point  2.8  in.  from  its  center.  The  maximum  bearing  pressure  therefore  occurs  at  point  2.  At 
ither  points  the  bearing  pressures  are  smaller  than  at  2,  while  at  point  4  the  direction  of  pressure  is  upward.  This 
ipward  pressure  must  be  resisted  by  a  bolt,  for  upward  pressures  in  such  details  can  not  be  resisted  directly  by  the 
urface  2-4.  The  principles  of  design  are  similar  to  those  outlined  for  the  design  of  the  column  footings  given  in 
he  chapter  on  the  Detailed  Design  of  a  Roof  Truss  with  Knee-braces. 
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As  shown  in  Fig.  173,  the  top  chord  member  bears  directly  on  a  flat  base  1  in.  thick  which  is  supported  by  tw( 
•webs,  one  on  each  side  of  the  casting.  This  base  can  be  designed  as  a  beam  tixed  at  the  ends  by  the  side  wel 
plates.  The  adopted  thickness  of  base  is  somewhat  greater  than  required  by  the  stresses.  It  was  made  1>2  in 
thick  in  order  to  secure  a  rigid  connection  at  this  point.  The  top  chord  member  is  held  in  place  on  the  shoe  bj 
two  side  plates,  and  by  means  of  a  short  lug  set  into  the  end  of  the  member.  In  this  design  the  6  X  6-in.  piece: 
called  for  in  the  design  given  in  Table  2  can  be  used,  as  the  bearing  area  on  the  end  of  the  chord  member  and  thi 
net  area  required  for  the  lower  chord  member  are  furnished  by  the  arrangement  shown. 

The  vertical  lug  on  the  rear  end  of  the  shoe  is  made  twice  as  deep  as  the  one  at  the  front  end,  as  shown  ii 
Fig.  173.  This  is  done  in  order  to  reduce  the  required  shear  resisting  area  in  front  of  the  shoe.  Assuming  that  thi 
rear  lug  takes  ?i  of  the  horizontal  force  and  that  the  front  lug  takes  the  balance,  the  load  at  the  front  lug  is  }i  >< 
26,670  =  8890,  and  the  load  at  the  rear  lug  is  17,780  lb.  Since  the  allowable  bearing  on  the  end  fibers  of  the  mate 
rial  is  1800  lb.  per  sq.  in.,  and  the  chord  member  is  5>2  in.  wide,  the  depth  required  for  the  front  lug  is  8890/180* 

X  5.5  =  0.898  in.,  and  for  the  rear  lug,  a  depth  of  17,780/ 180< 
X  5.5  =  1.80  in.  is  required.  The  front  lug  will  be  made  1  in 
deep,  and  the  rear  lug  will  be  made  2  in.  deep,  as  shown  ii 
Fig.  173    (a). 

The  position  of  2F,  the  vertical  component  of  the  top  chore 
stress,  can  be  determined  as  soon  as  the  depth  of  the  lugs  i 
fixed.  As  shown  in  Fig.  (a),  2//  and  ST'  intersect  on  the  cente 
ine  of  the  top  chord  member.  To  locate  the  line  of  actio 
SH,  take  moments  about  surface  2-4,  from  which  x  = 
8,890  X  0  5+  17,780  X  1  „  oqq  •  w  •  •  +i.  i- 
8_890  +  17,780 0-833   m.      Havmg  given  the  hn 

of  action  of  S//,  the  position  of  2V  can  be  determined  by  i 
layout  of  the  joint,  from  which  it  will  be  found  that  ST  lies  3.! 
in.  from  the  intersection  of  the  center  lines,  as  shown  in  Fig.  (o) 
The  distance  from  the  front  lug  to  the  end  of  the  chon 
member  is  determined  by  the  length  required  to  develop  ; 
shearing  resistance  of  8890  lb.  For  a  working  shear  stress  o 
240  lb.  per  sq.  in.,  the  distance  required  is  8890/5.5  X  240  = 
6.74  in.  The  length  provided  furnishes  some  excess  area.  Sine 
the  shearing  area  required  for  the  rear  lug  is  twice  as  great  a 
that  for  the  front  lug,  the  adopted  dimensions  provide  exces 
area.  As  the  shear  area  for  the  rear  lug  is  below  that  for  th 
front  lug,  the  entire  distance  from  the  rear  lug  to  the  end  of  th 
chord  member  can  be  counted  on  as  shear  area  if  necessary. 

The   thickness   of    the  lugs  is  determined  by  their  strengt! 
as   simple    cantilever  beans.     It  will  be  found  best  to  make  th' 
casting  either  of  cast  steel,  or  of  malleable  cast  iron.     For  thes 
materials  the   fiber   stress  in   bending  can   be  taken  as  7500  lb 
per  sq.  in.      If  ordinary  cast  iron  is  used,  for  which  the  allowabl 
bending  stress  is  about  3000  lb.  per  sq.  in.,  very  wide  lugs  wouh 
be    required,    resulting    in    a    heav>',    awkward    casting.       Th' 
stronger  material  will  therefore  be  used. 
At  the  rear  lug,  the  moment  to  be  carried  on  the  surface  4-5  is  17,780  X  1  =  17,780  in.-lb.     The  thicknes 
required,  using  a  working  stress  of  7500  lb.  per  sq.  in.,  is  (6il//6/)''^  =  (6  X  17,780/5.5  X  7500)''^  =  1.61  in.     I 
1^8 -in.  lug  will  be  used.      For  the  front  lug,  the  moment  to  be  carried  is  8890  X  0.5  =  4445  in.-Ib.,  and  the  thick- 
ness of  lug  reouired  is  (6  X  4445/5.5  X  7500)?^   =  0.805  in.     A  li-in.  lug  will  be  used. 

Figs.  173  (6)  and  (c)  show  sections  of  the  body  of  the  shoe.  As  shown  by  these  sections,  the  body  of  the  she 
is  formed  by  a  1-in.  bearing  plate  which  rests  directly  on  the  lower  chord  member.  This  base  plate  is  strengthenet 
by  side  web  plates.  The  height  of  these  side  web  plates  is  varied  to  suit  the  stress  conditions  for  which  provisioi 
must  be  made. 

Fig.  (b)  shows  the  conditions  which  determine  the  size  of  the  body  of  the  shoe  on  section  2-3,  close  to  the  fron 
lug.  The  thickness  of  the  bed  plate  can  be  determined  by  assuming  that  it  acts  as  a  simple  beam  supported  by  th. 
side  webs.  Neglecting  the  supporting  effect  of  the  lug,  and  assuming  that  the  load  to  be  carried  is  equal  to  thi 
maximum  allowable  bearing  value  of  the  timber,  which  is  330  lb.  per  sq.  in.,  and  that  the  span  of  the  bed  plate  i 
the  distance  between  the  centers  of  the  vertical  web  plates,  we  have  for  a  1-in.  strip,  a  moment  of  M  =  Hwl 
=  >^  X  330  X  4.5=  =  835  in.-lb.  For  a  fiber  stress  of  7500  lb.  per  sq.  in.,  as  assumed  above,  the  required  thick 
ness  of  base  plate  is  d  =  {&M/hf)^^  =  (6  X  835/7500  X  1)'/^  =  0.818  in.     A  1-in.  base  plate  will  be  used. 

The  depth  of  the  side  webs  must  be  great  enough  to  provide  for  the  stresses  due  to  the  loading  conditioni 
shown  in  Fig.  (6).  From  this  sketch  it  can  be  seen  that  section  2-3  is  subjected  to  a  thrust  of  8890  lb.,  and  a  mo 
ment  of  8890  (0.85  +  0.5)  =  12,130  in.-lb.  This  force  and  moment  act  at  the  center  of  gravity  of  the  section 
which  can  be  located  by  the  methods  explained  in  Sect.  1.  As  this  is  a  case  of  combined  stresses,  the  formult 
f  =  p/^  +  ,i/c/7  will  be  used.  This  formula  is  derived  and  its  application  explained  in  the  chapter  on  Bendini 
and  Direct  Stress.  For  the  conditions  shown  in  Fig.  (6),  the  fiber  stress  at  point  2  is /2  =  P/A  +  Mc/1  =  8S90/{ 
-f  12,130  X  0.85/2.99  =  4560  lb.  per  sq.  in.  (comp.)  and  at  point  3  the  fiber  stress  is/s  =  P/A  —  Mc/I  =  SS90/f 
-12,130  X  1.40/2.99  =  4690  lb.  per  sq.  in.   (tens.).     Fig.   (c)  shows  a  section  at  4-6,  near  the  rear  lug.     For  thi 
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»i  rces  and  dimensions  shown  it  wiU'be  found,  by  the  same  methods  as  used  for  section  2-3,  that  the  fiber  stress  at 
(I  )int  4  is  6240  lb.  per  sq.  in. ^compressive,  and  that  at  point  0  is  5740  lb.  per  sq.  in.,  tensile.  As  all  of  these  fiber 
a  resses  are  within  the  allowable  value  of  7500  lb.  per  sq.  in.,  the  sections  will  be  adopted. 

The  length  of  the  bearing  surface  between  the  shoe  and  the  chord  member — that  is,  surface  2-4  of  Fig.  (a) — 
determined  by  cut-and-try  methods.  If  possible,  the  shoe  should  be  located  so  that  the  vertical  component  of 
In  e  top  chord  stress,  shown  by  SF  in  Fig.  (a),  acts  at  the  center  of  the  bearing  surface  2-4.  When  this  can  be  done, 
e  bearing  pressure  over  the  surface  2-4  is  uniform.  In  the  truss  under  consideration,  the  angle  between  the  chord 
n  embers  is  small  and  a  shoe  arranged  as  described  above  would  not  be  as  compact  as  desired.  It  will  be  necessary, 
order  to  secure  a  well  proportioned  shoe,  to  place  the  center  of  the  bearing  surface  behind  the  line  of  action  of 
iV.  This  will  result  in  an  uneven  distribution  of  the  bearing  pressure  between  the  shoe  and  the  chord  member. 
i  there  will  probably  be  upward  pressures  near  point  4,  a  bolt  will  be  provided  to  resist  the  total  upward  force, 
le  distance  betwegcthe  top  chord  seat  and  the  rear  lug  will  be  made  just  sufficient  to  allow  a  Ji-in.  bolt  to  be 
!3erted,  as  shovrn  in  Fig.  (a). 

A  length  of  bearing  on  line  2-4  of  16  in.  will  be  assumed.  The  bearing  stress  on  this  area  can  be  determined 
the  methods  given  in  Art.  165.  From  eq.  (3)  of  the  article  mentioned,  with  P  =  SF  =  13,335  lb.;  b  =  5.5  in.; 
=  16  in.;  and  e  =  2.8  in.;  we  have  p2  =  P/bd  (1  +  6e/d)  =(13,335/5.5  X  16)(1  +  6  X  2.8/16)  =  151.5  (1  + 
)5)  =  310  lb.  per  sq.  in.  Since  this  bearing  value  is  less  than  the  allowable  of  330  lb.  per  sq.  in.,  the  assumed 
igth  is  sufficient. 

Since  the  term  6e/d  in  the  above  equation  is  greater  than  unity,  it  is  evident  that  tension  exists  at  point  4, 
though,  as  indicated  by  the  low  value  of  the  term  (1  —  6e/d),  this  tension  is  very  small.  From  eq.  (5)  of  the  article 
sntioned  above,  the  total  tension  in  the  bolt  at  the  rear  lug  is  T  =  Pd/24e  (6e/d  -  1)2  =  (13,335  X  16/24  X  2.8) 
X  2.8/16  -  1)2  =  7.95  lb.     The  ?i-in.  bolt  is  much  too  large,  but  it  will  be  used. 

A  corbel  similar  in  form  to  the  one  shown  in  Fig.  169  will  be  used  with  the  design  under  consideration.  All 
tails  of  the  casting  and  the  corbel  are  as  shown  in  Fig.  173  (a). 

Design  of  joint  f. — Joint  details  for  point/  can  be  arranged  as  described  for  joint  h.     Fig. 

shows  three  forms  of  joint  details  for  joint/.     Fig.  (a)  shows  a  design  for  notching,  Fig. 

(b)  shows  a  bent  strap  design,  and  Fig.  (c)  shows  a 
cast-iron  shoe.  A  plate  washer  is  shown  on  the  lower 
end  of  the  vertical  c-f.  This  washer  is  designed  by  the 
methods  used  for  the  washer  at  joint  d  and  shown  in 
Fig.  167. 


^i3oo/i 


Design  of  Joint  g. — The  lower  chord  of  a  wooden  roof  truss  is  usually  spliced  at  the  center 
>int,  which,  in  the  truss  under  consideration,  is  joint  g.  Two  designs  will  be  given  in  detail 
r  the  tension  splice  required  at  this  point.  One  design  will  be  worked  out  for  a  tabled  fish 
ate  splice  constructed  entirely  of  wood,  and  another  will  be  worked  out  using  steel  side  plates 
id  bolts.  Design  methods  for  these  two  forms  of  splices  are  given  in  the  chapter  on  Splices 
id  Connections — Wooden  Members. 

Fig.  175  shows  a  tabled  fish  plate  splice  of  wooden  construction.  This  splice  is  composed 
two  wooden  plates  with  lugs  which  fit  into  recesses  cut  into  the  sides  of  the  lower  chord  mem- 
r.  The  design  of  the  splices  consists  in  the  determination  of  the  net  area  required  for  the 
lice  plates  and  for  the  recessed  portions  of  the  lower  chord  member;  the  determination  of  the 
aring  area  required  between  the  splice  plate  and  the  chord  member;  the  determination  of  the 
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shearing  area  required  on  the  projecting  portions  of  the  splice  plate  and  the  chord  member ;  a 
the  provision  of  bolts  to  hold  the  splice  plates  in  position. 

Since  there  are  two  splice  plates,  and  since  the  total  load  to  be  carried  is  21,300 lb.,  ther 
area  required  in  the  body  of  each  splice  plate  is  21,300/2  X  1650  =  6.45  sq.  in.  Assuming  t 
width  of  the  splice  plate  to  be  5.5  in.,  the  thickness  required  is  6.45/5.5  =  1.17  in.  As  the  lo 
on  the  splice  plate  and  the  chord  member  act  directly  on  the  end  fibers  of  the  material,  t 
allowable  bearing  value  is  1800  lb.  per  sq.  in.  The  width  of  bearing  required  is  then  21,300 
X  5.5  X  1800  =  1.08  in.  A  3  X  6-in.  piece,  actual  dimensions  2^  X  5H  in.,  can  be  us 
as  a  splice  plate.  As  shown  in  Fig.  175,  the  lugs  will  be  made  1^6  in.  deep,  and  the  thickm 
of  the  splice  plate  at  the  center  will  also  be  made  iHe  in.  This  arrangement  will  provi 
ample  net  and  bearing  areas. 

The  length  of  the  lugs  required  on  the  splice  plates  and  on  the  end  of  the  chord  membei 
determined  by  the  shearing  area  required  to  carry  a  load  of  3'2  X  21,300  =  10,650  lb.  Fo; 
working  shearing  stress  of  240  lb.  per  sq.  in.,  the  length  of  the  lug  required  is  10,650/240  X  5.5 
8.07  in.  To  provide  for  possible  defects  in  the  material,  the  lugs  will  be  made  12  in.  long, 
shown  in  Fig.  175. 

Since  the  load  to  be  carried  by  the  splice  plate  is  applied  l^f  e  in.  from  the  axis  of  the  pla 
a  moment  is  set  up  which  tends  to  rotate  the  lug  from  its  seat  on  the  chord  member.  T 
amount  of  this  moment  is  10,650  X  1.3125  =  14,000  in.-lb.  To  hold  the  lug  in  its  seat,  a  b 
will  be  placed  through  the  splice  plate  and  the  chord  member,  as  sho^\-n  in  Fig.  175.  An  { 
proximate  estimate  of  the  stress  in  this  bolt  can  be  made  by  dividing  the  moment  calculat 
above  by  the  distance  from  the  point  of  contact  between  splice  plate  and  chord  member  to  t 
bolt,  which  in  this  case  is  6  in.  Neglecting  the  effect  of  the  resisting  moment  developed 
the  body  of  the  splice  plate,  the  stress  in  the  bolt  is  14,000/6  =  2330  lb.  For  a  worki 
stress  of  16,000  lb.  per  sq.  in.,  the  required  area  at  the  root  of  thread  is  2330/16,000  =  0.1 
sq.  in.,  which  is  furnished  by  a  %-in.  bolt.  Standard  washers  on  the  ends  of  this  bolt  will  p 
vide  proper  bearing  area  on  the  side  fibers  of  the  splice  plate. 

The  net  area  of  the  chord  members  on  the  line  of  the  bolt  must  be  investigated.  Since  i 
depth  of  the  cutting  on  each  side  of  the  main  member  is  If  le  in.,  as  shown  in  Fig.  175,  the  i 
width  of  member  is  5.5  —  2  X  1.3125  =  2.875  in.  Assuming  the  hole  for  the  bolt  to  be  ^i 
in  diameter,  the  net  depth  of  the  chord  member  is  5.5  —  0.75  =  4.75  in.  Hence  the  actual  i 
area  of  the  chord  member  is  4.75  X  2.875  =  13.65  sq.  in.  The  net  area  required,  as  shown 
Table  2,  is  21,300/1650  =  12.9  sq.  in.  Therefore,  as  shown  bj'  the  above  calculations,  i 
splice  is  sufficient  in  all  of  its  details. 

As  shown  in  Fig.  175,  two  diagonal  web  members  and  a  vertical  tension  rod  enter  join' 
The  load  in  the  tension  rod  is  transferred  to  the  chord  member  by  means  of  a  plate  washer 
the  under  side  of  the  chord  member.  This  washer  is  designed  by  the  methods  used  for  1 
washer  at  joint  d,  except  that  the  allowable  bearing  pressure  for  the  chord  member  at  g 
determined  for  the  side  fibers  of  the  material,  a  value  which  is  somewhat  smaller  than 
joint  d.     However,  it  will  be  found  that  the  two  washers  can  be  made  of  the  same  dimension 

The  two  web  members  entering  joint  g  are  shewn  as  seated  on  a  wooden  block  set  into  1 
top  of  the  chord  member.  Ample  bearing  area  is  provided  by  the  arrangement  shown  in  F 
175.  Since  the  wind  stress  in  one  of  the  diagonals  is  3520  lb.,  and  that  in  the  other  is  zero, 
given  in  Table  1,  the  bearing  block  must  be  notched  into  the  chord  member  in  order  to  hi 
the  diagonals  in  place.  A  force  diagram  will  show  that  the  component  of  the  wind  stress  parai 
to  the  chord  member  is  2380  lb.  For  an  allowable  bearing  of  1800  lb.  per  sq.  in.,  the  beari 
area  required  is  2480/1800  =  1.38  sq.  in.  If  the  bearing  block  is  made  the  full  width  of  1 
chord  member,  a  notch  1.38/5.5  =  0.251  in.  deep  is  required.  As  shown  in  Fig.  175,  a  .^- 
notch  is  provided,  for  a  shallower  notch  would  not  be  effective. 

Fig.  176  shows  a  design  for  joint  g  in  which  steel  side  plates  and  bolts  are  used.  The  design  of  this  joint  cons 
in  the  determination  of  the  number  and  size  of  bolts;  the  determination  of  the  size  of  the  side  plates;  and  the  spac 
of  bolts  required  to  maintain  safe  shearing  stresses  in  the  timber. 

If  the  thickness  of  the  side  plates  be  assumed  as  }-4  in.,  the  loading  conditions  for  a  bolt  are  as  shown  in  ] 
176  (6).     The  total  moment  to  be  carried  by  all  of  the  bolts  is  10,650  X  1>2   =  15,975  in.-lb.     From  the  tabk 
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lafe  bending  moments  on  pins  for  an  allowable  fiber  stress  of  24,000  lb.  per  sq.  in.,  the  safe  bending  moment  is 
2350  in. -lb.  for  a  1-in.  bolt,  and  3350  in.-lb.  for  a  IJ^-in.  bolt.  Therefore,  seven  1-in.  bolts,  or  five  13^-in.  bolts 
ire  required.  To  secure  a  compact  joint,  five  IJ-^-in.  bolts  will  be  used.  Before  this  number  of  bolts  is  finally 
idopted,  the  bearing  pressure  exerted  by  the  bolts  on  the  timber  and  on  the  steel  side  plates  must  be  examined. 
For  an  allowable  working  bearing  value  of  1200  lb.  per  sq.  in.  for  bolts  bearing  on  the  timber,  the  area  required  for 
sach  bolt  is  21,300/5  X  1200  =  3.53  sq.  in.  The  bearing  value  provided  by  a  Ifs-in.  bolt  is  5.5  X  1.125  =  6.19  sq. 
n.  For  the  side  plates,  the  allowable  bearing  value  on  the  steel  plate  is  24,000  lb.  per  sq.  in.,  and  the  bearing  area 
•equired  for  each  bolt  is  21,300/5  X  24,000  =  0.178  sq.  in.     The  bearing  area  provided  by  two  34 -in.  side  plates  on 

jach   bolt  is   2   X   1.125  X  0.25  =  0.56  sq.  in.     As  the  assumed  

Dolts  are  safe  in  bending  and  bearing,  they  will  be  adopted. 

Fig.  176  (a)  shows  the  arrangement  of  the  bolts.  Net  areas 
r  jn  sections  x-x  and  y-y  must  be  investigated  before  this  arrange- 
ment is  adopted.  At  section  x-x,  the  net  area  required  is 
21,300/1650  =  12.9  sq.  in.  Assuming  that  the  bolts  fit  the  holes 
bxactly,  the  net  area  of  the  chord  member  at  section  x-x  is  (5.5- 
11.125)  5.5  =  24.1  sq.  in.  At  section  y-y,  the  stress  in  the  chord 
member  is  4/5  X  21,300  =  17,050  lb.;  the  net  area  required  is 
17,050/1650  =  10.32  sq.  in.,  and  the  net  area  provided  is  (5.5  — 
1.125  X  2)  5.5  =  17.9  sq.  in.  The  net  areas  provided  are  there- 
fore sufficient. 

The  distance  between  bolts,  and  the  distance  between  the 
snd  of  the  chord  member  and  a  bolt  is  determined  by  the  shear 
area  required  to  develop  a  resistance  equal  to  the  load  on  a  bolt. 
From  Fig.  176  (a),  the  required  distance  between  bolts  for  a 
shearing  stress  of  240  lb.  per  sq.  in.  is  21,300/5  X  5.5  X  2  X  240 

=  1.61  in.  As  shown  in  Fig.  176  (a),  the  adopted  bolt  spacing  exceeds  the  required  spacing.  The  adopted 
spacing  was  used  in  order  to  avoid  interference  between  the  first  set  of  bolts  and  the  bearing  block  for  the 
diagonal  members.  Six-inch  spacing  was  adopted  for  the  other  bolts  in  order  to  secure  a  neat  looking  joint. 
All  of  the  details  of  the  bearing  block  for  the  diagonal  members  and  washer  for  the  vertical  tension  rod  are  the 
same  as  shown  on  Fig.   175. 


Joint  Details  for  Trusses  with  Built-up  Members. — In  some  cases  truss  members  are  made 
of  built-up  members  composed  of  planks  placed  side  by  side  and  bolted  together  to  act  as  a 
single  piece,  as  described  in  Art.  145  for  the  top  and  bottom  chord  members  of  the  truss  under 
discussion  in  this  chapter.  Joint  details  for  such  members  can  be  made  up  along  the  same 
lines  as  those  given  above  for  members  composed  of  single  sticks. 
In  any  case,  it  is  well  to  provide  excess  bearing  areas  at  all  points 
in  order  to  allow  for  possible  defects  in  workmanship  and  in  ma- 
terials, due  to  the  fact  that  the  bearing  surfaces  are  composed  of 
several  parts  which  must  work  together,  each  taking  its  propor- 
tion of  the  total  load. 

Fig.  177  shows  arrangements  of  built-up  joint  details  for  joints  a  and  d. 
In  Fig.  (o)  is  given  a  detail  for  joint  o.  A  design  is  given  in  Art.  145  for  a 
bottom  chord  member  composed  of  five  2X8  in. -plank.  A  top  chord  section 
of  the  same  size  will  also  be  used  in  this  detail.  As  shown  in  Fig.  (o),  three  of 
the  top  chord  plank  and  two  of  the  lower  chord  plank  are  cut  away,  and  the 
remaining  pieces  are  fitted  together  to  form  a  joint.  The  parts  are  held 
together  by  means  of  bolts  which  can  be  designed  by  the  methods  given  in  the 
chapter  on  Splices  and  Connections — Wooden  Members.  Fig.  (6)  shows  a  form 
of  joint  for  the  apex  of  the  truss. 

Details  of  Purlin  Connections. — In  Art.  127  there  is  given  a 
general  description  of  the  forms  of  purlin  connections  in  general 
use.  For  the  truss  under  consideration,  a  strap  hanger  of  the 
form  shown  in  Fig.  146  (6)  of  the  above-mentioned  article  will  be 
used.  Standard  sizes  of  strap  hangers  are  given  in  trade  cata- 
logues, from  which  it  will  be  found  that  a  3  X  %-va..  strap  is  required  for  a  6  X  8-in.  purlin. 

It  will  be  assumed  that  the  purlin  is  to  be  placed  with  its  lower  edge  on  the  same  level  as 
the  lower  face  of  the  top  chord  member.  Since  the  purlin  as  designed  in  Art.  144  is  a  6  X  8-in. 
section,  actual  depth  73-^  in.,  and  the  top  chord  member,  as  designed  in  Table  2  of  Art.  145, 
is  a  6  X  6-in.  section,  actual  depth  5  J-^  in.,  the  purhn  projects  2  in.  beyond  the  top  of  the  chord 
member,  as  shown  in  Fig.  178  (a).     The  3  X  %-id..  strap  hanger  is  held  in  position  on  the  chord 


Fig.   177. 
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member  by  lag  screws.  In  locating  the  purlin  at  joint  b,  it  is  desirable  that  the  purlin  be  placec 
with  its  center  at  the  intersection  of  the  center  lines  of  the  truss  members.  It  may  not  be  possi 
ble  in  all  cases  to  do  this,  because  of  interference  between  the  washer  and  the  strap  hanger.  Thi 
purlin  will  be  placed  as  close  to  the  desired  position  as  the  conditions  will  permit. 

Fig.  178  (b)  shows  a  detail  for  joint  d,  the  apex  of  the  truss.  A  singl 
purlin  of  the  same  size  as  for  joint  6  is  used  at  joint  d.  The  purlin  at  4  i 
placed  in  a  vertical  position  and  is  held  in  place  by  a  strap  hanger  which  i 
supported  by  blocks  fastened  to  the  chord  member  by  means  of  lag  screws. 

The  designs  for  joint  a  shown  in  Figs.  169  to  17.3  can  be  arranged  withou 
the  use  of  a  purlin.     In  place  of  a  purlin  the  masonry  can  be  built  up  betwee 
the  trusses,  and  a  wall  plate  provided  on  which  the  rafters  are  seated.     If 
purlin  is  desired  at  this  point,  a  detail  can  be  used  of  the  form  shown  in  Fif 
146(d),  p.  459. 

147.  General  Drawing  and  Estimated  Weight. — In  Fig.  17 
there  is  shown  a  general  drawing  of  the  truss  designed  in  the  pre 
ceding  articles.     It  will  be  noted  that  the  joints  sho'mi  on  th:l> 
drawing  are  made  by  notching  one  member  into  another,  an 
that    the    structure    is    practically    an    all-wood    constructioi 
These  details  were  shown  because  they  are  of  the  type  generall 
used  for  wooden  trusses,  and  because  they  are  readily  designe< 
easily  constructed,  and  a  thoroughly  practical,  reliable  structure 
obtained,  when  such  details  are  used. 
An  approximate  estimate  of  weight  will  be  made  for  the  truss  showm  on  Fig.  179  in  order  1  k 
check  up  on  the  dead  weight  estimated  by  the  formula  of  Art.  142  and  used  in  the  calculatic  i 
of  stresses  in  Art.  145.     In  estimating  weights,  it  was  assumed  that  Western  Hemlock  weigl  - 
3  lb.  per  foot  board  measure,  and  that  steel  and  cast  iron  weigh  490  lb.  per  cu.  ft.     Weights 
steel  rods  were  taken  from  the  steel  handbooks. 


Fig.    179. 


The  total  weight  of  the  trusses  was  found  to  be  1695  lb.,  divided  as  follows:  main  members,  1350  lb.;  steel  roc 
80  lb.;  plate  and  cast  washers,  100  lb.;  bolts  and  dowel  pins,  75  lb.;  and  strap  hangers,  90  lb.  Since  the  span 
50  ft.,  and  the  distance  between  trusses  is  16  ft.,  the  horizontal  covered  area  per  truss  is  50  X  16  =  800  sq.  ft.     Ti|ti: 


T;; 
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Fig.  180. 


tual  truss  weight  per  sq.  ft.  of  horizontal  covered  area  is  then  i«*5-soo  =  2.12  lb.  From  Art.  144  the  weight  as 
stimated  by  formula  is  2.42  lb.  per  sq.  ft.  of  covered  area.  The  estimated  weight  is  therefore  about  14  %  in  excess 
f  the  actual  weight.  However,  as  brought  out  in  the  discussion  on  dead  weight  formulas  given  in  the  chapter  on 
loof  Trusses General  Design,  this  difference  between  actual  and  estimated  weight  is  not  great  enough  to  warrant 

recalculation  of  the  dead  load  stresses.  The  design  as  given  in  the  preceding  articles  will  therefore  be  considered 
,3  final. 


DETAILED  DESIGN  OF  A  STEEL  ROOF  TRUSS 

By  W.  S.  KiNNE 

148.  General  Conditions  for  the  Design. — A  complete  design  will  be  made  of  the  steel  roof 
russes  for  a  building  with  masonry  side  and  end  walls.  It  will  be  assumed  that  the  layout  of  the 
uilding,  as  determined  by  other  considerations,  is  as  shown  in  Fig.  180.  A  roof  covering  con- 
isting  of  wood  shingles  on  plank  sheathing  will  be  used.     The  structure  will  be  assumed  as 

lijocated  in  the  Central  States.     It  will  be  designed  for  a  minimum  load  capacity  of  40  lb.  per 

ft. 

The  general  requirements  governing  the  design  of 

he  steel  work  will  conform  to  the  standard  practice  for 

lis  type  of  structure.     Working  stresses  for  steel  will 

e  16,000  lb.  per  sq.  in.  on  the  net  section  of  tension 

aembers,  and  16,000-70  l/r  lb.  per  sq.  in.  on  the  gross 

Tea  of  compression  members  {I  =  length  of  member  in 

io  tiches,  and  r   =  least  radius  of  gyration  of  section  in 

;hnches).     The  limiting  slenderness  ratio  for  compression 

nembers  will  be  l/r  =  125  for  main  members  and  l/r  = 

50  for  bracing.      It  will  be  assumed  that  the  trusses 

ire  not  exposed  to  moisture  or  corrosive  gases,  so  that  the  minimum  thickness  of  material 
an  be  taken  as  }i  in.  All  members  carrying  calculated  stress  will  be  made  of  two  angles, 
he  member  and  joint  details  to  be  arranged  according  to  the  discussion  given  in  the  chapter 
)n  Roof  Trusses — General  Design. 

Rivets  will  be  taken  as  %  in.  in  diameter,  and  rivet  holes  will  be  punched  He  in.  larger 
,hen  the  rivet  diameter.  In  calculating  net  areas  of  tension  members  the  diameter  of  rivet 
loles  will  be  taken  %  in.  larger  than  the  rivet,  or  %  in.  Working  values  for  shop  rivets  will 
)e  based  on  10,000  lb.  per  sq.  in.  for  shear,  and  20,000  lb.  per  sq.  in.  for  bearing;  corresponding 
values  for  field  rivets  will  be  7500  and  15,000  lb.,  respectively. 

The  smallest  angle  leg  which  will  hold  a  %-in.  rivet  is  usually  taken  as  2J'2  in.  Where  an 
mgle  leg  does  not  contain  rivets,  a  2-in.  leg  can  be  used.  No  reduction  in  section  area  will  be 
nade  where  angles  are  connected  by  one  leg  only,  except  the  usual  reduction  for  rivet  holes. 
Working  stresses  for  wooden  sheathing  will  betaken  as  10001b.  per  sq.  in.  for  bending.  The 
)earing  on  masonry  walls  will  be  200  lb.  per  sq.  in.  Purlins  will  be  made  of  rolled  steel  sections. 
To  avoid  excessive  deflection,  the  adopted  section  will  be  limited  in  depth  to  Ho  of  the  span. 

149.  Type  and  Form  of  Truss. — The  type  and  form  of  truss  to  be  used,  and  the  spacing 
)f  the  trusses  will  be  determined  by  a  consideration  of  the  principles  outlined  in  the  chapter  on 

-  tloof  Trusses— General  Design.  As  a  shingle  roof  is  to  be  used,  the  minimum  desirable  roof 
)itch  is  J^.  This  is  also  the  pitch  which  will  result  in  the  most  economical  structure.  It  wiU 
herefore  be  adopted. 

From  Fig.  180,  the  distance  between  walls  is  49  ft.  If  it  be  assumed  that  the  end  bearing 
)lates  are  to  be  12  in.  long,  the  effective  span  will  be  50  ft.  Since  the  adopted  pitch  is  K,  the 
\eight  of  the  truss  will  be  ^^^  =  12.5  ft.,  as  shown  in  Fig.  181.  The  length  of  the  top  chord 
nember  is  (25^  +  12. 5^)^^  =  28  ft.  If  the  top  chord  members  be  limited  in  length  to  about 
I  ft.,  it  will  benecessary  to  divide  the  top  chord  into  four  parts,  each  ^^^  =  7  ft.  long.  From 
?ig.  144,  p.  "^fi^'a  convenient  form  of  truss  is  offered  by  the  compound  Fink  truss  of  Fig.  (6), 
)r  by  the  four-panel  Pratt  truss  of  Fig.  (k).     Of  these  two  forms  of  trusses,  it  will  be  found  that 

Ihor  points  near  the  center  of  the  span  the  Fink  truss  can  be  made  up  with  shorter  members  than 
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Fig.   181. 


those  needed  for  the  Pratt  truss.  As  shown  by  the  tables  of  stress  coefficients  given  in  the  chap- 
ter on  Roof  Trusses — Stress  Data,  the  stresses  in  the  members  of  the  Fink  truss  are  a  little 
larger  than  those  in  the  Pratt  truss.  Everything  considered,  however,  it  seems  best  to  use  the 
Fink  type,  as  shown  in  Fig.  181. 

The  economical  spacing  of  trusses,  as  given  in  Art.  124,  is  about  J^  of  the  span  length,  or  in 
this  case,  12.5  ft.     From  Fig.  180,  the  distance  of  end  walls  is  90  ft.     If  the  truss  spacing  be 

made  15  ft.,  there  will  be  6  bays  and  5  trusses  re- 
quired. Where  7  bays  are  used,  the  truss  spacing 
will  be  about  13  ft.  As  economical  conditions  favoi 
long  truss  spacing,  the  arrangement  shown  in  Fig 
180  will  be  adopted. 

150.  Loadings. — As  stated  in  Art.  148,  the 
structure  is  supposed  to  be  located  in  the  Centra 
States.  The  snow  load  for  this  region,  as  given  ir 
the  table  in  Art.  136,  is  20  lb.  per  sq.  ft.  of  roo: 
surface.  For  this  section  of  the  country,  the  unit  wind  pressure  is  generally  taken  as  30  lb 
per  sq.  ft.  on  a  vertical  surface.  '  From  the  table  of  wind  pressures  given  in  Art.  135,  th( 
intensity  of  normal  pressure  on  a  one-quarter  pitch  roof  is  22.4  lb.  per  sq.  ft.  of  roof  surface. 

The  dead  weight  of  the  truss  will  be  estimated  by  means  of  one  of  the  weight  formulas  giver 
in  Art.  134.     From  the  Carnegie  Handbook  formula,  for  40-lb.  capacity,  the  weight  is  given  a: 

0.2(\/50  +  0.125  X  50)  =  2.7  lb.  per  sq.  ft.  of  horizontal  covered  area. 

Assuming  the  weight  of  the  bracing  to  be  0.8  lb.  per  sq.  ft.,  the  total  dead  weight  of  truss  anc 
bracing  will  be  2.7  +  0.8  =  3.5  lb.  per  sq.  ft.  of  horizontal  covered  area. 

The  weight  of  the  roof  covering  can  be  estimated  from  the  table  given  in  Art.  133.  Shingle 
weigh  about  3  lb.  per  sq.  ft.  of  roof,  and  the  sheathing,  which  will  be  hemlock,  will  weigh  abou 
3  lb.  per  sq.  ft.  of  roof  per  inch  of  thickness. 

151.  Design  of  Sheathing. — The  thickness  of  the  sheathing  can  be  determined  from  TabL 
2,  p.  458.  Thus  for  a  roof  of  40-lb.  capacity,  as  assumed  in  Art.  148,  Table  2  shows  that  for  ; 
slope  of  6  in.  per  foot,  which  corresponds  to  one-quarter  pitch,  the  limiting  span  of  1-in.  sheath 
ing  is  6.84  ft.  for  a  fiber  stress  of  1000  lb.  per  sq.  in.  This  is  but  slighth'  less  than  the  distanc 
between  top  chord  panel  points,  as  shown  in  Fig.  181.  The  value  given  above  is  the  limitiuj 
span  for  bending,  as  deflection  is  not  limited  for  shingle  roofs.  Although  material  1-in.  thicl 
can  be  used  for  sheathing  as  far  as  stress  conditions  are  concerned,  it  is  not  considered  goo( 
practice  to  use  such  thin  material  for  long  spans.  It  is  advisable  to  use  2-in.  material,  whicl 
will  be  adopted. 

A  more  exact  design  of  the  sheathing  can  be  made  by  considering  the  combinations  of  loads  acting  on  th 
sheathing.  These  combinations  are  similar  to  those  mentioned  in  Art.  137.  They  are:  (a)  dead  load  and  sno^ 
load;  (6)  dead  load,  minimum  snow  load,  and  maximum  wind  load;  and  (c)  dead  load,  maximum  snow  load,  am 
minimum  wind  load.  The  dead  load  is  the  weight  of  the  shingles  and  of  the  sheathing,  which  will  be  assumed  to  b 
2  in.  thick.  At  3  lb.  per  ft.  B.  M.,  the  sheathing  weighs  6  lb.  per  sq.  ft.  of  roof. 
From  Art.  150,  the  maximum  wind  and  snow  loads  are  respectively  22.4  and  20 
lb.  per  sq.  ft.  of  roof  surface,  the  wind  load  acting  normal  to  the  roof  and  the 
snow  load  acting  vertical.  Minimum  snow  load  will  be  taken  as  one-half  of  the 
maximum,  and  minimum  wind  load  will  be  taken  as  one-third  of  the  maximum. 

The  allowable  fiber  stress  for  the  sheathing  will  be  taken  as  1000  lb.  per  sq. 
in.  As  mentioned  in  Art.  135,  the  wind  load  is  an  occasional  loading  and  the 
working  stresses  can  be  modified  accordingly.  It  will  be  assumed  that  the 
working  stress  for  wind  loading,  when  combined  with  stresses  due  to  direct 
loading,  is  increased  50%.  This  can  be  taken  into  account  by  reducing  the 
wind  load  by  }i — that  is,  by  using  a  unit  wind  load  of  20  lb.  per  sq.  ft.  The 
normal  load  for  a  roof  of  K  pitch  is  then  14.9  lb.  per  sq.  ft.  This  load  can  be 
combined  with  those  for  dead  and  snow  load,  and  a  working  stress  of  1000  lb. 
per  sq.  in.  applied  to  the  resulting  moment. 

In  designing  the  sheathing,  it  will  be  assumed  to  act  as  a  beam  supported  by  purlins  placed  at  the  top  chorr 
joints  of  the  truss.  As  shown  in  Fig.  181,  the  purlins  are  spaced  7  ft.  apart.  Since  the  sheatning  is  continuous  ove: 
the  purlins,  it  will  be  assumed  that  the  maximum  moment  is  given  by  the  formula  M  =  Ho  "'^'--  The  loads  will  b< 
resolved  into  components  perpendicular  and  parallel  to  the  sheathing.     It  will  be  assumed  that  the  moment  to  bi 
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carried  by  the  sheathing  is  due  to  the  normal  loads;  the  effect  of  components  parallel  to  the  sheathing  will  be  neg- 
lected. 

The  total  vertical  load  for  the  combination  of  case  (o)  is  3  lb.  for  shingles,  6  lb.  for  sheathing,  and  20  lb.  for 
snow,  a  total  of  29  lb.  As  shown  in  Fig.  182,  the  roof  surface  forms  an  angle  of  26  deg  34  min.  with  the  horizontal. 
The  component  perpendicular  to  the  roof  is  then  29  X  cos  26  deg.  34  min.  =  29  X  0.895  =  25.9  lb.  per  sq.  ft. 
of  roof.  For  case  (b),  which  is  shown  in  Fig.  182,  the  vertical  load  is  3  lb.  for  shingles,  6  lb.  for  sheathing,  and  10 
lb.  for  minimum  snow  load;  a  total  vertical  load  of  19  lb.,  for  which  the  component  perpendicular  to  the  roof  is 
19  X  0.895  =  17  lb.  The  wind  load  normal  to  the  roof  is  14.9  lb.  Hence  the  total  normal  load  is  17.0  +  14.9  = 
31.9  lb.  In  the  same  way  it  will  be  found  that  the  total  normal  load  for  case  (c)  is  30.9  lb.  Case  (6)  therefore  gives 
the  maximum  normal  component. 

The  maximum  moment  to  be  carried  by  the  sheathing  due  to  the  normal  loads  is  then  M  =  Jio  wl^  =  Ho  X 
31.9  X  72  X  12  =  1875  in. -lb.  For  a  rectangular  section  the  fiber  stress  is  given  by  the  formula/  =  Mc/I  = 
6M/bd-.     Considering  a  section  of  sheathing  1  ft.  wide  and  2  in',  thick,  we  have 

6  X  1875  „„.  ,,   . 

/=    tt: :^ 7:  =  234  Ib.'per  sq.  in. 

•^        12  X  2  X  2  f        ^ 

As  the  allowable  fiber  stress  is  1000  lb.  per  sq.  in.,  the  sheathing  is  stronger  than  necessary.  To  conform  to  the 
general  practice,  the  assumed  sheathing  will  be  used. 

152.  Design  of  Purlins. — Purlins  are  designed  by  the  methods  outlined  in  the  chapter  on 
Design  of  Purlins  for  Sloping  Roofs  in  Sect.  2.  As  the  sheathing  is  quite  rigid,  it  will  be  as- 
sumed that  the  purlins  carry  only  the  components  of  loads  perpendicular  to  the  roof  surface. 
The  combinations  of  loading  will  be  the  same  as  for  the  design  of  the  sheathing.  From  the 
preceding  article  the  maximum  component  of  normal  loads  is  31.9  lb.  To  this  must  be  added 
the  weight  of  the  purlin,  which  will  be  assumed  to  be  1.3  lb.  per  sq.  ft.  normal  to  the  roof.  The 
total  normal  load  is  then  31.9  -f  1.3  =  33.2  lb.  Since  the  trusses  are  spaced  15  ft.  apart,  the 
area  carried  by  a  purlin  is  7  X  15  =  105  sq.  ft.  of  roof  surface.  The  total  uniformly  dis- 
tributed load  for  a  purlin  is  then  33.2  X  105  =  3486  lb.,  and  the  moment  to  be  carried, 
assuming  the  purlin  to  be  a  simple  beam  between  trusses,  is  Af  =  }4Wl  =  K  X  3486  X  15 
X  12  =  78,500  in.-lb.  For  an  allowable  working  stress  of  16,000  lb.  per  sq.  in.,  the  required 
I/c  =  78,500/16,000  =  4.9  in.^  From  the  Jiandbooks,  this  is  furnished  by  a  7-in.  O^-^-lb. 
channel.  The  true  weight  of  this  section,  in  lb.  per  sq.  ft.  normal  to  the  roof  surface,  is 
9.75  X  cos  26°  3477  =  9.75  X  0.895/7  =  1.25.  This  is  so  close  to  the  assumed  value  that 
the  calculations  will  not  be  revised. 

153.  Determination  of  Stresses  in  Members. — The  stresses  in  the  truss  members  are  to  be 
determined  for  the  same  combinations  of  loads  as  used  for  the  design  of  the  sheathing  and  the 
purlins.  Two  general  methods  of  calculation  can  be  used.  In  the  first  method,  the  dead  and 
snow  loads  are  taken  as  vertical  forces  and  the  wind  load  is  considered  as  acting  normal  to  the 
roof  on  the  windward  side.  In  the  second  method  of  calculation,  dead,  wind,  and  snow  loads 
are  represented  by  a  uniform  vertical  load  acting  over  the  entire  roof  surface.  As  stated  in 
Art.  137,  this  second  method  of  calculation  can  be  applied  to  trusses  of  the  Fink  type.  The 
stresses  thus  obtained  are  practically  the  same  as  those  obtained  by  the  first  method  of 
calculation.  While  the  first  method  probably  more  nearly  approximates  the  actual  con- 
ditions, the  second  method  results  in  a  considerable  saving  of  time  spent  in  stress  calculation. 
For  the  truss  under  consideration  both  methods  of  calculation  will  be  carried  out  and  the 
results  compared. 

The  first  step  in  the  calculation  of  the  stresses  in  the  members  is  the  determination  of  the 
panel  loads.  In  the  first  method  of  calculation  outlined  above  it  will  be  found  best  to  deter- 
mine the  panel  loads  due  to  dead,  snow,  and  wind  loads  separately.  The  resulting  stresses 
can  then  be  determined  and  the  proper  combinations  made  up  to  determine  the  maximum 
stress. 

As  stated  in  Art.  151,  the  dead  weight  of  the  shingles  and  sheathing  is  a  vertical  load  of 
9  lb.  per  sq.  ft.  of  roof  surface.  Since  the  purlins  are  spaced  7  ft.  apart,  and  the  trusses  are  15 
ft.  apart,  the  roof  area  per  panel  is  7  X  15  =  105  sq.  ft.  The  dead  panel  load  due  to  the  roofing 
is  then  9  X  105  =  945  lb.  To  this  must  be  added  the  weight  of  the  purlin  and  the  estimated 
■weight  of  the  truss.  From  Art.  152,  the  adopted  purlin  is  a  7-in.  9S*^-lb.  channel.  As  the 
weight  of  one  15-ft.  purlin  is  carried  to  each  top  chord  panel  point,  the  dead  load  due  to  the 
purlin  is   9%    X   15    =    146.3   lb.     From    Art.  150,  the  estimated  weight  of  the  truss  and 
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bracing  was  found  to  be  3.5  lb.  per  sq.  ft.  of  horizontal  covered  area.  As  the  span  is  50  ft. 
and  since  there  are  8  roof  panels,  the  horizontal  covered  area  per  panel  is  15  X  ^%  =  93.7/ 
sq.  ft.  The  panel  load  due  to  the  weight  of  the  truss  and  bracing  is  then  93.75  X  3.5  =  328.: 
lb.  Adding  together  these  partial  panel  loads,  the  total  dead  panel  load  is:  945.0  +  146.3  -(- 
328.1  =  1419.41b.     A  panel  load  of  14201b.  will  be  used  in' the  calculation  of  dead  load  stres.ses 

The  stresses  in  the  truss  members  due  to  the  dead  panel  load  can  be  determined  by  thi 
methods  of  stress  calculation  given  in  Sect.  1,  or  by  means  of  the  tables  of  stress  coefBcient; 
given  in  the  chapter  on  Roof  Trusses — Stress  Data.  Col.  1  of  Table  1  gives  the  calculatet 
dead  load  stresses. 

From  Art.  150,  the  snow  load  is  a  vertical  load  of  20  lb.  per  sq.  ft.  of  roof  surface.  Since 
the  roof  area  per  panel  is  105  sq.  ft.,  the  snow  panel  load  is  20  X  105  =  2100  lb.  The  stresse 
due  to  this  panel  load  can  be  determined  by  the  methods  outlined  above  for  the  dead  loac 
stresses.  As  the  panel  loads  for  dead  and  snow  load  are  both  vertical  and  are  applied  at  thi 
same  points,  the  snow  load  stresses  can  be  determined  by  ratio  from  the  dead  load  stresse 
as  given  in  col.  1  of  Table  1.  Thus  if  the  dead  load  stresses  be  multiplied  by  the  ratio  of  snov 
and  dead  panel  loads,  the  resulting  stresses  will  be  the  required  snow  load  stresses.  For  th' 
truss  under  consideration,  the  ratio  of  snow  and  dead  panel  loads  is  2100/1420  =1.48.  Thi 
ratio  can  be  set  off  on  a  slide  rule  and  the  stresses  calculated  with  sufficient  accuracy  for  al 
ordinary  cases.  The  snow  load  stresses  for  the  truss  under  consideration  are  given  in  co; 
2  of  Table  1.  To  assist  in  making  up  the  combined  stresses  there  is  also  given  in  col.  3  o 
Table  1  the  stresses  due  to  one-half  of  the  maximum  snow  load. 

The  wind  pressure  on  the  roof  surface  of  a  one-quarter  pitch  roof  due  to  a  unit  pressure  c 
30  lb.  per  sq.  ft.  is  given  in  Art.  150  as  22.4  lb.  per  sq.  ft.  Where  the  working  stress  for  wind  i 
increased  50  %  over  that  used  for  dead  and  snow  loads,  as  in  the  case  under  consideration,  th 
change  can  be  made  by  a  reduction  in  the  intensity  of  the  wind  pressure  corresponding  to  th 
increase  in  working  stress.  Since  the  working  stress  for  wind  is  fi  of  that  for  the  other  loads 
the  intensity  of  the  wind  pressure  can  be  taken  as  ^3  of  the  value  given  for  a  30-lb.  unit  pressure 
A  uniform  working  stress  of  16,000  lb.  per  sq.  in.  can  then  be  used  for  all  loadings. 

The  normal  wind  load  per  sq.  ft.  of  roof  corresponding  to  a  working  stress  of  24,000  lb 
per  sq.  in.  is  H  X  22.4  =  14.9  lb.  As  the  area  of  the  panel  is  105  sq.  ft.,  the  wind  panel  loai 
is  14.9  X  105  =  1565  lb.  The  resulting  stresses  are  calculated  by  the  methods  of  Sect.  1,  o 
by  means  of  the  wind  stress  coefficients  given  in  the  chapter  on  Roof  Trusses — Stress  Data 
In  calculating  the  w  ind  stresses  it  will  be  assumed  that  one  end  of  the  truss  is  fixed  and  tha 
the  other  end  is  supported  on  a  smooth  plate  on  which  it  is  free  to  slide.  As  it  is  generall; 
assumed  that  the  frictional  resistance  between  smooth  plates  is  zero,  the  reaction  at  the  fre 
end  is  vertical.  The  assumed  end  conditions  are  covered  by  Cases  I  and  II  of  the  wind  stres 
coefficients  for  the  Fink  truss.  The  calculated  wind  stresses  for  wind  on  the  left  side  of  th 
truss  are  given  in  col.  4  of  Table  1.     In  col.  5  the  stresses  for  one-third  wind  load  are  giver 

The  combinations  of  dead,  snow,  and  wind  load  stresses  for  maximum  stresses  in  the  trus 
members  are  the  same  as  given  in  Art.  151  for  the  design  of  the  sheathing.  These  combination 
are:  (a)  dead  load,  one-half  snow  load,  and  maximum  wind  load,  and  (b)  dead  load,  maximun 
snow  load,  and  one-third  wind  load.  The  maximum  stresses  for  case  (o)  are  given  in  col.  ' 
of  Table  1.  They  are  obtained  by  adding  the  values  given  in  cols,  1,  3,  and  4.  Values  for  cas 
(6)  are  given  in  col.  8.     They  are  obtained  by  adding  values  given  in  cols.  1,  2,  and  5. 

Maximum  stresses  as  determined  by  the  second  method  of  calculation  outlined  above  are  given  in  col.  9  c 
Table  1.  The  vertical  uniform  load  which  is  to  represent  the  combined  effect  of  wind  and  snow  can  be  taken  frot 
Table  9,  p.  469.  For  a  roof  of  one-quarter  pitch  located  in  the  Central  States,  the  load  is  given  as  25  lb.  per  sq.  ft 
of  roof  surface.  The  equivalent  load  can  also  be  estimated  from  the  values  for  wind  and  snow  given  in  Art.  15C 
To  estimate  this  load,  assume  that  the  vertical  component  of  the  wind  is  combined  with  the  snow  load  in  the  sam 
manner  as  for  maximum  stresses  in  the  first  method  of  calculation.  The  vertical  component  of  the  wind  load  i 
14.9  X  cos  26°  34'  =  13.4  lb.  per  sq.  ft.  of  roof.  If  one-half  of  the  snow  load  of  20  lb.  per  sq.  ft.  of  roof  be  addei 
to  this  load,  there  is  obtained  an  equivalent  load  of  23.4  lb.  For  maximum  snow  and  one-third  wind  the  com 
bined  load  is  Js  X  13.4  -|-  20  =  24.4  lb.  These  values  compare  very  well  with  the  load  of  25  lb.  taken  from  th 
above  mentioned  table. 

The  panel  load  for  equivalent  vertical  loading  is  determined  by  adding  to  the  panel  load  for  the  above  load 
the  dead  panel  load  as  given  above.     As  the  area  of  the  roof  panel  is  105  sq.  ft.,  the  panel  load  for  combined  win< 
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Comparing  the  stresses  obtained  by  the  two  methods  of  calculation,  as  given  by  cols. 
7  and  8  for  the  first  method,  and  by  col.  9  for  the  second  method,  it  will  be  found  that,  for  top 

ajjand  bottom  chord  members,  the  stresses  given  by  col.  9  are  a  little  larger  than  those  given  in 
either  col.  7  or  8,  and  that  the  stresses  in  the  web  members  are  almost  identical  in  cols.  7,  8, 
and  9.  The  second  method  of  calculation  therefore  gives  practically  the  same  results  as 
the  more  exact  first  mehtod.     The  stresses  given  in  col.  9  will  be  used  as  the  maximum 

J  stresses  for  the  design  under  consideration. 

hi 

al  Table  1. — Stresses  in  Members 

e 


and  snow  is  25  X  105  =  2625  lb.  The  dead  panel  load,  as  given  above,  is  1420  lb.,  and  the  total  panel  load  is 
1420  +  2625  =  4045  lb.  Col.  9  of  Table  1  gives  the  resulting  stresses,  which  were  calculated  from  the  dead 
load  stresses  of  col.  1  by  means  of  the  ratio  of  panel  loads,  4045/1420  =  2.845,  which  was  set  off  on  a  slide  rule  and 
the  stresses  read  directly. 

In  some  cases  it  is  also  specified  that  the  roof  shall  be  designed  for  a  load  capacity  of  not  less  than  40  lb.  per 
sq.  ft.  of  covered  area.  The  specified  capacity  depends  upon  the  service  conditions  and  with  the  location  of  the 
structure,  varying  from  30  to  60  lb.  For  the  truss  under  consideration,  the  panel  load  will  be  40  X  93.75  =  3750 
lb.  Since  this  panel  load  is  less  than  the  one  used  for  the  calculation  of  the  stresses  given  in  col.  9  of  Table  1,  the 
resulting  stresses  will  be  smaller  than  those  given  in  col.  9.  In  some  cases  these  stresses  may  exceed  the  others, 
in  which  case  they  will  determine  the  design. 


Member 


Dead 
load 


Snow 
load 


S.  L. 
2 


Wind 

from 
left 


TF/3 


Wind 
from 
right 


D.  L., 

S.  L. 

2 

&   max. 

W 


D.  L., 

maximum 

S.  L.  & 

W/3 


■Uniform 
vertical 
loading 


ah 
be 
cd 
de 
bf 
dh 
eg 
af 

fg 

gk 
fc 
ch 
uh 
he 


-11,120 
- 10,490 

-  9,840 

-  9,210 

-  1,270 

-  2,540 
+  9,940 
+  8,520 
+  5,680 

+    1,420 

+  2,840 
+   4,260 


-16,450 

-8,225 

-7,050 

-2,350 

- 15,500 

-7,750 

-7,050 

-2.350 

-14,550 

-7,275 

-7,050 

-2,350 

-13,640 

-6,820 

-7,050 

-2,350 

-    1,880 

-    940 

-1,565 

-     522 

-   3,760 

-1,880 

-3,130 

-1,043 

+  14,700 

+7,350 

+  8,750 

+  2,920 

+  12,600 

+  6,300 

+  7,000 

+  2,334 

+   8,410 

+  4,205 

+  3,500 

+  1,167 

+   2,100 

+  1,050 

+  1,750 

+     583 

+   4,200 

+  2,100 

+  3,500 

+  1,167 

+   6,300 

+  3,150 

+  5,250 

+  1,750 

-3,920 
-3,920 
-3,920 
-3,920 

0 

0 

+  688 
+  688 
+     688 

0 

0 
0 


-26,395 
-25,290 
-24,165 
-23,080 

-  3,775 

-  7,550 
+  26,040 
+  21,820 
+  13,385 

+   4,220 

+  8,440 
+  12,660 


-29,920 

-28,340 
-26,740 
-25,200 

-  3,672 

-  7,343 
+  27,560 
+  23,454 
+  15,257 

+   4,103 

+  8,207 
+  12,310 


-31,660 
-29,850 
-28,040 
-26,230 

-  3,620 

-  7,240 
+  28,315 
+  24,270 
+  16,180 

+   4,045 

+  8,090 
+  12,135 


+ 


=  compression  . 


154.  Design  of  Members. — ^The  conditions  for  the  design,  as  stated  in  Art.  148,  contain 

the  following  references  to  working  stresses:  tension,  16  000  lb.  per  sq.  in.  on  the  net  section; 

compression,  (16,000  —  70l/r)  lb.  per  sq.  in.  on  the  gross  section,  l/r  not  to  exceed  125.     The 

l^  minimum  thickness  of  material  is  given  as  K  in.     All  members  carrying  calculated  stress  are 

to  be  made  up  of  two  angles.     Design  methods  for  tension  and  compression  members  are  given 

I  in  Sect.  2. 

In  making  up  truss  members  such  as  the  top  and  bottom  chord,  which  are  continuous  over 
several  panels,  it  is  the  usual  practice  to  design  the  member  for  the  section  of  maximum  stress, 
34 
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and  to  use  the  same  section  for  the  entire  member.  This  is  good  practice,  for  it  will  probably  b 
found  that  if  the  sections  are  changed  to  fit  the  stresses  and  splices  made  at  each  joint,  the  co;- 
of  the  shop  work  on  these  splices  will  exceed  the  cost  of  the  excess  material  required  for  cor 
tinuous  members. 

Trusses  of  small  size  can  generally  be  shipped  in  one  piece.  All  joints  can  be  riveted  up  i 
the  shop  and  the  truss  erected  as  a  unit  in  the  field.  The  limiting  dimensions  of  fulh'  rivete 
trusses  are  governed  by  the  methods  of  transportation.  It  is  generally  specified  that  a  tnii 
or  girder,  wiiich  is  to  be  shipped  by  train,  must  have  one  dimension  not  exceeding  from  10  t 
12  ft.  Trusses  with  a  greater  least  dimension  than  that  mentioned  must  be  broken  up  inl 
smaller  parts.  The  truss  under  consideration  in  this  design  will  have  a  total  height,  which 
its  least  dimension,  of  about  13  ft.  It  must  then  be  broken  up  into  smaller  parts.  For  truss< 
of  the  type  under  consideration,  it  is  usual  to  provide  field  splices  at  joints  g,  e,  and  k  of  the  tnu 
diagram  of  Fig.  181.  The  least  width  of  the  pieces  thus  formed  will  be  the  distance  along  men 
ber  c-g,  which  is  about  8  ft.  Continuous  members  will  then  be  used  for  the  top  chord  membi 
ato  e;  the  bottom  chord  from  a  to  ^;  and  the  diagonal  from  g  to  e.  Member  g-k  will  be  shippe 
as  a  single  piece. 

Design  of  Tension  Members. — The  maximum  stress  in  the  bottom  chord  member  from  a 
g  occurs  in  the  section  a-f,  where  the  stress  is  28,315  lb  For  a  working  stress  of  16,000  lb.  p 
sq.  in.,  the  required  net  area  is  28,315/16,000  =  1.77  sq.  in.  An  angle  must  now  be  select( 
whose  net  area — that  is,  the  area  of  the  section  minus  the  area  of  the  rivet  holes — will  provi( 
the  required  area.  As  stated  in  Art.  148,  the  rivets  are  to  be  %  in.  in  diameter,  and  the  riv 
holes  are  to  be  made  ]4,  in.  larger,  or  J^  in.  The  area  to  be  subtracted  from  the  gross  area  of  tl 
section  in  determining  net  area  is  then  the  thickness  of  the  material  multiplied  by  %.  T! 
number  of  rivet  holes  to  be  subtracted  from  each  angle  in  the  determination  of  the  net  are 
depends  on  the  type  of  end  connection  used  for  the  member  in  question.  When  an  angle 
connected  by  both  legs,  the  area  of  two  rivet  holes  should  be  deducted  from  each  leg  so  co 
nected,  or  the  distance  between  the  rivets  in  the  two  legs  of  the  angle  should  be  made  such  th 
it  will  be  necessary  to  deduct  but  one  rivet  hole.  Tables  of  limiting  spacing  for  this  conditi< 
are  given  in  the  chapter  on  Splices  and  Connections — Steel  Members. 

Fig.  189  shows  the  details  of  joint  a  as  adopted  for  this  design.  The  bottom  chord  member  is  shown  as  c 
nected  by  one  leg.  One  rivet  hole  will  then  be  deducted  from  each  angle.  Assuming  two  23-^  X  2J.^  X  J-i- 
angles,  whose  gross  area  as  given  by  the  handbooks  is  2  X  1.19  =  2.38  sq.  in.,  and  deducting  one  rivet  hole  frt 
each  angle,  or  a  total  of  2  X  %  X  K  =  0.44  sq.  in.,  the  net  area  of  the  two  angles  is  2.38  —  0.44  =  1.94  sq. 
As  given  above,  the  required  area  is  1.77  sq.  in.  The  assumed  section  is  therefore  ample,  and  will  be  adopted.  ' 
assist  in  the  determination  of  the  net  area  of  members,  tables  of  areas  to  be  deducted  for  various  rivet  sizes  a 
thicknesses  of  material  are  given  in  Sect.  2. 

Member  f-g  will  be  made  the  same  as  a-f.  From  Fig.  188,  it  will  be  noted  that  the  member  is  connected 
both  legs.  Assuming  two  rivet  holes  deducted  from  each  angle,  the  net  area  of  the  section  is  2.38  —  4  X  0.22 
1.50  sq.  in.  As  shown  in  Table  2,  the  required  net  area  is  24,270/16,000  =  1.52  sq.  in.  Since  the  net  area  for  t^ 
rivets  deducted  from  each  angle  is  practically  the  same  as  the  required  area,  the  rivets  can  be  spaced  as  desirt 
If  the  proper  area  is  not  provided  in  any  case,  either  larger  angles  must  be  assumed,  or  the  distance  between  t 
rivets  in  the  two  legs  of  the  angles  must  be  such  that  only  one  rivet  hole  need  be  deducted  from  each  angle 
determining  net  areas. 

Fig.  190  shows  another  design  for  the  joint  ato.  It  will  be  noted  that  member  a-f  has  rivets  in  both  lej 
Deducting  four  rivet  holes  from  the  assumed  section,  the  net  area  is  found  to  be  2.38  —  0.88  =  1.50  sq.  in.  T 
assumed  section  is  too  small.  It  will  be  found  that  a  2J-^  X  23-^  X  ^ie-in.  angle  will  provide  the  required  ar« 
However,  this  section  is  somewhat  heavier  than  the  lightest  of  the  3-in.  sections.  If  a  3  X  23-^  X  J-i-in.  angle 
assumed,  it  will  be  found  that  the  net  area  with  two  holes  deducted  from  each  angle  is  2  (1.31  —  2  X  0.22)  =  1. 
sq.  in.,  which  is  sufficient.     This  section  would  be  adopted  if  the  design  of  Fig.  190  were  used. 

Members  g-h  and  k-e  are  made  continuous.  Table  2  shows  that  2>2  X  2  X  H-in.  angles  are  used.  The 
angles  provide  considerable  exces?  area,  but  from  the  conditions  of  the  design,  as  given  in  .\rt.  148,  they  are  t 
minimum  allowable  angles.  The  remaining  tension  members  are  designed  by  the  methods  explained  above.  Tal 
2  contains  all  data  in  convenient  form. 

Design  of  Compression  Members. — Compression  members  are  designed  by  cut-and-ti 
methods.  That  is,  a  section  is  assumed,  the  allowable  working  stress  calculated  from  the  cc 
umn  formula,  the  required  area  determined,  and  the  required  and  provided  areas  compare' 
The  assumed  section  is  adopted  if  the  area  provided  is  equal  to  that  required.  It  is  not  alwa} 
possible  to  obtain  an  exact  fit,  but  the  two  areas  should  not  differ  any  more  than  is  necessar 


bi  If  the  assumed  section  is  insufficient,   or  if  it  provides  excess  area,  the  process  must  be 
OS  repeated   until  the  desired  agreement  is  obtained.     Gross  or  total  section  areas  are  used  in 

the  design  of  compression  members;  rivet  holes  are  not  deducted,  as  in  the  case  of  tension 

members. 

The  top  chord  will  be  made  continuous  from  o  to  e.     As  shown  in  Table  2,  the  maximum  stress,  which  is 

31,660  lb.,  occurs  in  member  a-b.  Assume  two  3H  X  3  X  He-in.  angles,  placed  as  shown  in  Fig.  183.  Since  the 
lisjallowable  working  stress  depends  on  the  ratio  of  length  to  least  radius  of  gyration,  the  angles  should  be  so  placed 

that  the  radii  of  gyration  for  the  axes  OX  and  OF  of  Fig.  183  will  be  as  large  as  possible,  and  also,  the  radii  for 

the  two  axes  should  be  as  nearly  equal  as  the  conditions  will  permit.     In  this  way  a  member  is  secured  which  has 

the  same  rigidity  in  all  directions.     This  condition  can  best  be  realized  by  the  use  of  angles  with  unequal  legs  placed 

with   the   longer  legs  back  to  back.     In  Fig.  183  the  angles  are  shown  separated  by 

a  small   space.     This   is  done  to  make  room  for  the  gusset  plates  at  the   joints,  as 
111  explained   in  the  chapter  on  Roof  Trusses — General  Design.     For  trusses   of   the 

size  under  consideration,  a  ?^-in.  space  is  ample. 

The  radii   of  gyration  for  angles  placed  as  shown  in  Fig.  183  can  be  found  in 

tables  given  in  the  steel  handbooks.      From  such  tables  it  will  be  found  that  the 
ptlradii  are  1.10  in.  for  axis  OX  and  1.35  in.  for  axis  OY.       From  Table  2  the  length 

of   member   a-b   is   84  in.     Hence  the  ratio  of  length  to  least  radius  of  gyration  is 

l/r   =    84/110  =  76.5.       Substituting    this    value  of  l/r  in  the  column  formula  of 

Art.  148,  the  allowable  working  stress  is  16,000  -  70  l/r  =  16,000  -  70  X  76.5  = 

10,650  lb.  per  sq.  in.  The  area  required  is  31,660/10,650  =  2.97  sq.  in.  From  the  steel  handbooks,  the  area  of 
tt  the  assumed  angles  is  2  X  1.93  =  3.86  sq.  in.  The  assumed  section  is  a  little  too  large,  but  no  other  section  of 
•id  less   weight   per   foot   could   be  found  that  would  bring  a  closer  agreement  between  required  and  provided  areas. 

It  was  therefore  adopted. 

The  top  chord  design  as  given  above  applies  to  members  carrying  compression  only.     If  the  purlins  are  placed 

between  the  panel  points,  the  top  chord  acts  as  a  beam  as  well  as  a  compression  member.     Design  methods  for  this 

cpndition  are  given  in  Art.  158. 

Table  2  gives  the  design  data  for  the  other  compression  members.     The  design  methods  used  are  exactly  the 

same  as  those  given  above  for  member  a-b.     Sections  of  minimum  size  were  adopted,  consisting  of  two  23-^  X  2 

X  >i-in.  angles  with  the  longer  legs  separated  by  a  J^-in.  space. 
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Fig.  183. 


Table  2. — Design  of  Members 
e 


Member 


Stress 
(lb.) 


I 
(in.) 


(in.) 


l/r 


f 
(lb.  per 
sq.  in.) 


Area 
required 
(sq.  in.) 


Section 
(in.) 


Area  provided 


Gross 
(sq.  in.) 


Net 
(sq.  in.) 


ab 
be 
cd 
de 
bf-dh 

CO 

af 
fg 
ok 

fc-ch 
gh 
he 


-31,660 

84 

1.10 

76.5 

10,650 

-29,850 

84 

1.10 

76.5 

10,650 

-28,040 

84 

1.10 

76.5 

10,650 

-26,230 

84 

1.10 

76.5 

10,650 

-  3,620 

42 

0.78 

53.9 

12,230 

-  7,240 

84 

0.78 

107.8 

8,460 

+  28,315 

16,000 

+  24,270 

16,000 

+  16,180 

16,000 

+  4,045 

16,000 

+  8,090 

16,000 

+  12,135 

16,000 

2.970 


0.296 

0.837 

1.77 

1.52 

1.01 

0.252 

0.504 

0.759 


2ls 
2  [i 
2  ll 
2  Is 
2  li 
2  [i 
2  [s 
2  li 
2  1s 
2  Is 
2  [s. 
2  ll 


3H  X  3 
3H  X  3 
3H  X  3 
3li  X  3 
2M  X  2 
2iA  X  2 
2}^  X  2M 
2H  X  2}i 
2%  X  2)4 
2H  X  2 
2>^  X  2 
21.^  X  2 


X  Me 

X  Me 

X  Me 

X  M^ 

X  >i 

X  K 

X  Ji 

X  K 

X  i^ 

X  Vi 

X  M 

X  K 


3.86 

3.86 

3.86 

3.86 

2.12 

2.12 

.38 

.38 

.38 

,12 

,12 

12 


+  =  tension.      —   =  compression. 
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155.  Design  of  Joints. — The  general  principles  of  joint  design  are  given  in  the  chapters  on 
Roof  Trusses — General  Design,  and  Splices  and  Connections — Steel  Members.  Well  designed 
joints  are  just  as  important  as  well  designed  members.  To  secure  good  joint  design,  a  few 
fundamental  principles  of  design  must  be  observed.  The  center  lines  of  all  members  entering 
a  joint  must  intersect  at  a  common  point.  If  the  conditions  are  such  that  this  can  not  be  done 
provision  must  be  made  for  the  additional  stresses  due  to  joint  eccentricity.  All  stresses  should 
be  traced  through  the  joint,  and  proper  connections  made  between  all  parts.  Typical  joint 
details  are  given  in  the  chapter  on  Roof  Trusses — General  Design. 

In  trusses  of  the  size  under  consideration  in  this  design,  the  angles  are  usuall}^  connected 
to  the  gusset  plates  by  means  of  rivets  through  one  leg  only,  as  shown  in  Figs.  184  to  190  in- 
clusive. Theoretically,  this  is  not  good  practice,  for  all  of  the  stress  is  transferred  to  the 
gusset  plate  through  one  angle  leg,  resulting  in  excess  local  stresses.  However,  in  small  trusses 
the  members  generally  contain  more  area  than  required  for  stress  conditions,  which  assists  in 
carrying  the  excess  stresses.  In  larger  trusses  lug  angles  are  riveted  to  the  gusset  plate  and  to 
the  outstanding  legs  of  the  angles,  thereby  transferring  the  stresses  from  both  legs  of  the  angles 
into  the  gusset  plate  and  avoiding  excessive  local  stresses. 

The  number  of  rivets  required  in  the  end  connection  of  any  member  depends  on  the  v.ork- 
ing  stresses  for  the  rivets  and  on  the  method  of  making  the  connection  to  the  gusset  plate.  The 
principles  governing  the  design  of  riveted  joints  are  given  in  the  chapter  on  Splices  and  Con- 
nections— Steel  Members. 

As  stated  in  Art.  148,  the  working  stresses  for  shop  rivets  are  10,000  lb.  per  sq.  in.  for  shear 
and  20,000  lb.  per  sq.  in.  for  bearing.  Corresponding  values  for  field  rivets  are  given  as  7500 
and  15,0001b.persq.  in.  respectively.  Tables  of  rivet  values  are  given  in  the  chapter  on  Splices 
and  Connections — Steel  Members,  and  also  in  the  steel  handbooks.  From  these  tables  the 
single  shear  values  of  /4,-in.  shop  and  field  rivets  are  4420  and  3310  lb.  respectively.  The  bear- 
ing value  of  a  rivet  depends  on  the  thickness  of  the  gusset  plate.     For  trusses  of  the  size  under 

consideration,  a  /i-in.  plate  is  usually  ample. 
In  any  case  the  adopted  thickness  should  be 
such  that  large  gusset  plates  can  be  avoided. 
For  a  ,"?8-in.  plate,  the  bearing  of  a  ?:4-in.  shop 
rivet  is  5625  lb.,  and  the  corresponding  value  for 
a  field  rivet  is  4220  lb.  The  design  of  the  several 
joints  will  now  be  considered  in  detail. 

Joint  b. — Fig.  184  shows  the  details  of  joint  b. 
The  stresses  in  the  members  and  the  panel  load  at 
joint  b  are  shown  in  position.  As  shown  by  the 
force  diagram,  the  stress  in  member  b-fh  balanced 
by  the  component  of  the  joint  load  perpendicular 
to  the  top  chord,  and  the  difference  between  the 
stresses  in  the  top  chord  members  a-b  and  b-c  is 
balanced  by  the  component  of  the  joint  load 
parallel  to  the  top  chord.  The  complete  design 
of  the  joint  therefore  consists  in  transferring  the  stress  in  member  b-f  to  the  gusset  plate  and 
thence  to  the  top  chord  angles;  and  also  in  equalizing  the  dilference  in  stress  between  members 
a-b  and  b-f  hy  means  of  a  purlin  connection. 

Member  b-f,  whose  stress  is  3C20  lb.,  is  connected  to  the  gusset  plate  by  shop  rivets  in  bearing  on  the  Jg-in- 
plate.  The  value  of  these  rivets,  as  given  above,  is  5G25  lb.  per  rivet,  and  the  number  required  to  connect  b-f  to 
the  gusset  plate  is  3620/5G25  =  1  rivet.  Since  a  rigid  connection  can  not  be  made  with  a  single  rivet,  it  is  the 
general  practice  to  use  not  less  than  two  rivets  in  any  connection.  Two  rivets  have  therefore  been  used  in  the 
connection  shown  in  Fig.  184. 

The  load  to  be  transferred  from  the  gusset  plate  to  the  top  chord  angles  is  equal  to  the  stress  in  member  b-f. 
Since  the  conditions  are  the  same  as  for  the  connection  between  b-f  and  the  gusset  plate,  two  rivets  will  be  used, 
as  shown  in  Fig.  184. 

Member  a-b-c,  the  top  chord,  is  continuous  across  joint  6.  As  shown  by  the  force  diagram,  the  difference  in 
stress  between  members  a-b  and  b-c,  which  is  31,660  —  29,850  =  1,810  lb.,  is  balanced  by  the  component  of  the 


Fig.  184. 


oint  load  parallel  to  the  top  chord.  To  equalize  the  stresses  in  a-b  and  b-c,  rivets  capable  of  transferring  1810  lb. 
from  the  purlin  to  the  top  chord  must  be  placed  in  position.  These  rivets  will  be  placed  in  the  outstanding  leg  of 
the  clip  angle  and  in  the  flange  of  the  channel,  as  shown  in  Fig.  184.  The  value  of  the  connecting  rivets  is  deter- 
mined cither  by  their  single  shear  value  as  shop  rivets,  which  is  4420  lb.,  or  by  the  bearing  value  on  the  leg  of  the 
^6-in.  clip  angle,  which  is  4690  lb.  The  single  shear  value  governs,  and  only  one  rivet  is  required  in  the  puriin 
connecrion.  In  order  to  make  a  rigid  connection,  it  will  be  necessary  to  use  two  rivets  in  the  clip  angle  and  two  more 
in  the  flange  of  the  channel.  Fig.  184  shows  the  complete  details.  Joint  d  is  similar  to  joint  b;  the  same  details 
will  be  used. 

Joint  c— Fig.  185  shows  the  details  of  joint  c.  The  design  of  this  joint  is  carried  out  by 
the  same  methods  as  used  for  joint  b.  In  this  case  the  stresses  in  members  f-c,  g-c,  and  h-c, 
are  transferred  to  the  gusset  plate,  and  the  resultant  of  these  stresses,  which  can  be  seen  from 
Fig.  185  to  be  7240  -  2  X  1810  =  3620  lb.,  is  to  be  transferred  to  the  top  chord  angles. 

As  before,  the  rivets  connecting  the  angles  to  the  gusset  plate  are  in  bearing  on  a  H-in.  plate  and  have  a  value 
of  5625  lb.  per  rivet.  One  rivet  is  required  for  members /-c  and  h-c,  and  two  rivets  are  required  for  g-  c.  Two  rivets 
are  used  in  each  member,  as  shown  in  Fig.  185.  The  stress  of  3620  lb.,  which  is  to  be  transferred  from  the  gusset 
plate  to  the  top  chord,  will  require  only  one  rivet,  as  at  joint  b.  To  secure  a  rigid  connection,  5  rivets  have  been 
used,  spaced  about  4  in.  apart,  as  shown  in  Fig.  185. 

The  load  to  be  transferred  by  the  puriin  connection  to  the  top  chord  angles  is  the  same  as  for  joint  6,  as  shown 
by  the  force  diagram.     Details  similar  to  those  at  joint  b  will  be  used,  as  shown  in  Fig.  185. 
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Fig.  185. 


Joint  f 

Fig.   186. 


Joint/.— The  conditions  at  joint/  are  shown  in  Fig.  186.  As  before,  the  chord  members  are 
continuous  across  the  joint.  The  design  of  the  joint  consists  in  transferring  the  stresses 
in  the  members  c-f  and  b-f  to  the  gusset  plate  and  thence  to  the  chord  angles,  and  in  equalizing 
the  stresses  in  members  a-f  and  f-g.  Since  double  angles  are  used  for  all  members,  and  the 
gusset  plate  is  %-in.  thick,  the  rivet  value  is  5625  lb.,  as  before.  A  single  rivet  is  sufficient 
to  transfer  the  stresses  from  members  h-f  and  c-/  to  the  gusset  plate.  Two  rivets  have  been 
used  in  each  member,  in  order  to  make  a  rigid  connection. 

As  shown  by  the  force  diagram  of  Fig.  186,  the  stresses  in  b-f  and  c-f  have  components  perpendicular  to  the 
chord  member  which  balance  each  other,  and  have  components  parallel  to  the  chord  member  whose  sum  is  equal 
to  the  difference  in  stresses  in  the  chord  members.  The  rivets  connecting  the  gusset  plate  to  the  chord  angles 
must  then  be  capable  of  transferring  a  load  of  28,315  -  24,270  =  4045  lb.  A  single  rivet  is  sufficient,  but  the  gen- 
eral practice  is  to  use  the  detail  shown  in  Fig.  186.  One  rivet  in  placed  at  the  intersection  of  the  center  lines  of 
the  members,  and  other  rivets  are  placed  near  the  edges  of  the  plate,  as  shown  in  Fig.  186.  Joint  fi  is  similar  to 
joint/.     The  same  details  will  be  used. 

Joint  e. — Fig.  187  shows  the  conditions  at  joint  e.  The  purlin  load  at  this  joint  can  be 
considered  either  as  a  single  vertical  load,  as  shown  by  the  full  line  arrow  of  Fig.  187, 
or  as  two  loads,  shown  by  the  dotted  arrows,  whose  resultant  is  equal  to  the  single  load.  The 
design  methods  are  the  same  in  the  two  cases. 

As  noted  early  in  this  article,  a  field  splice  will  be  located  at  joint  e.  One  side  of  the  joint 
will  be  riveted  up  in  the  shop,  and  the  rivets  or  bolts  in  the  other  side  of  the  joint 
will  be  placed  in  position  when  the  truss  is  assembled  in  the  field.  In  order  that  a  symmetrical 
joint  may  be  made,  the  rivet  values  will  be  determined  as  for  field  rivets,  and  the  same  number 
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will  be  used  for  both  shop  and  field  rivets.     The  connection  will  then  be  made  with  field  rivets 
in  bearing  on  a  /^-in.  plate.     These  rivets  have  a  value  of  4220  lb.,  as  given  above. 

The  design  of  this  joint  consists  in  transferring  to  the  gusset  plate,  the  stresses  in  the  several  members,  and  in 
the  provision  of  a  purlin  connection.  Member  d-e,  whose  stress  is  26,230  lb.,  requires  26,230/4220  =  7  rivets. 
For  member  h-e,  whose  stress  is  12,135  lb.,  12,135/4220  =  3  rivets  are  required;  they  are  shown  in  position  in  Fig. 
187.  The  load  brought  to  the  joint  by  the  purlin  will  be  provided  for  by  means  of  a  connection  similar  to  that 
used  at  the  other  joints.  If  a  single  vertical  purlin  is  used,  a  suitable  bearing  plate,  or  shelf  angles  attached  to  the 
gusset  plate  forms  a  satisfactory  connection.  Where  two  purlins  are  used  at  the  apex  of  the  truss,  connections 
similar  to  those  shown  for  joints  b  and  c  can  be  used.     General  details  of  purlin  connections  are  shown  in  Art.  127. 
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Joint    g 

Fig.  188. 


Joint  g. — Fig.  188  shows  the  details  of  joint  g.  Member  g-k  is  field  spliced  at  this  i)oint: 
all  other  members  entering  the  joint  are  shop  riveted.  The  splice  in  the  bottom  chord  member 
can  be  made  in  two  ways.  In  one  case,  the  stresses  in  the  members  are  transferred  directly 
to  the  gusset  plate  by  means  of  rivets  in  the  vertical  legs  of  the  angles.  This  method  is  satis- 
iactory  where  the  stresses  in  the  members  are  small.  Where  large  stresses  are  to  be  transferred 
to  the  gusset  plates,  the  joint  is  likely  to  be  quite  large  if  tliis  method  is  used.  To  avoid  large 
plates,  the  joint  detail  shown  in  Fig.  188  is  generally  used.  This  joint  consists  of  a  splice  plate 
on  the  horizontal  legs  of  the  angles  in  addition  to  the  rivets  placed  in  the  vertical  legs.  In  this 
way  part  of  the  stres-s  is  carried  by  the  splice  plate,  thereby  reducing  the  stresses  to  be  trans- 
ferred by  the  vertical  legs  of  the  angles  to  the  gusset  plate. 

The  design  of  joint  g  consists  in  transferring  to  the  gusset  plate  the  stresses  in  members  g-h  and  g-c,  and  in  the 
provision  of  a  partially  continuous  bottom  chord  member  in  which  part  of  the  stress  is  carried  around  the  joint  by 
a  splice  plate  and  the  balance  of  the  stress  is  transferred  directly  to  the  gusset  plate.  As  shown  in  Fig.  ISS,  the 
rivets  in  members  g-c  and  g—h  are  shop  rivets  in  bearing  on  a  J^-in.  plate.  These  rivets  have  a  value  of  5625  lb.  per 
rivet.  Member  c-g  requires  7240/5625  =  2  rivets,  and  g-h  requires  8090/5625  =  2  rivets;  they  are  shown  in 
position  in  Fig.  188.  In  determining  the  amount  of  stress  to  be  transferred  across  the  joint  by  the  splice  plate  on 
the  horizontal  legs  of  the  bottom  chord  angles,  certain  assumptions  must  be  made  regarding  the  distribution  ot 
the  stresses.  A  common  and  reasonable  assumption  is  that  the  stress  in  member  g-k  is  uniformly  distributed  over 
the  area  of  the  member,  and  hence  in  this  case  the  stresses  in  the  two  legs  of  the  angle  are  equal,  since  the  angle  has 
equal  legs.  It  is  then  assumed  that  the  stress  in  the  horizontal  legs  of  the  angles  is  transferred  to  the  splice  plate, 
and  thence  around  the  joint,  while  the  stress  in  the  vertical  legs  of  the  angles  is  carried  directly  to  the  gusset  plate. 
Member  f-g  is  assumed  to  have  transferred  to  the  splice  plate  a  portion  of  its  stress  which  is  equal  to  the  stress 
transferred  to  the  splice  plate  by  the  horizontal  legs  of  member  g-k.  The  balance  of  the  stress  in  member  f-g  is 
assumed  to  be  transferred  to  the  gusset  plate  through  the  vertical  legs  of  the  angles  of  member  f-g.  Since  the 
stress  in  f-g  is  always  greater  than  that  in  g-k,  it  follows  that  there  will  usually  be  an  uneven  distribution  of  stress 
to  the  legs  of  the  angles  of  member  f-g,  unless  the  member  is  made  up  of  unequal  legged  angles  in  which  the  dis- 
tribution of  area  happens  to  be  correct.  In  the  present  case  equal  legged  angles  are  used,  and  unequal  stress  dis- 
tribution results.  However,  in  small  trusses  where  it  is  permissible  to  connect  angles  by  one  leg,  the  conditions  are, 
more  favorable  than  where  the  splice  plate  is  not  used. 

On  the  assumptions  made  above,  the  stress  in  the  vertical  and  horizontal  legs  of  the  angles  of  member  g-k  is 
16,180/2  =  8090  lb.  Since  member  g-k  is  field  spliced  at  this  point,  the  rivets  in  the  vertical  legs  are  field  rivets 
in  bearing  on  a  ?8-in.  plate;  they  have  a  value  of  4220  lb.  per  rivet.  The  number  required  is  S090''4220  =  2, 
which  are  shown  in  position  in  Fig.  188.     The  stress  of  8090  lb.  in  the  horizontal  legs  of  the  angles  is  transferred 
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to  the  splice  plate  by  field  rivets  which  are  either  in  single  shear  or  in  bearing  on  the  M-in.  material  composing  the 
angles  and  the  splice  plate.  From  the  tables  of  rivet  values,  the  field  shearing  value  of  a  rivet  is  3310  lb.,  and  the 
field  bearing  value  for  a  34-in.  plate  is  2810  lb.  The  latter  value  governs  and  the  number  required  is  8090/2810  = 
3  rivets.     As  shown  in  Fig.  188,  four  are  used,  two  in  each  angle. 

The  stress  in  member  f-y  is  24,270  lb.,  of  which  8090  lb.  is  taken  up  by  the  splice  plate,  as  assumed  above. 
There  is  then  left  24,270  —  8090  =  16,180  lb.  to  be  transferred  from  the  vertical  legs  of  the  angles  to  the  gusset 
plate.  The  connecting  rivets  are  shop  rivets  in  bearing  on  a  ^-in.  plate,  and  have  a  value  of  5625  lb.  per  rivet. 
The  number  required  is  16,180/5625  =  3,  which  are  shown  in  position  in  Fig.  188. 

The  splice  plate  on  the  horizontal  legs  of  the  chord  angles  must  have  sufficient  net  area  to  provide  for  the 
stress  to  be  carried  across  the  joint.     This  stress  is  8090  lb.,  and  the  required  net  area  is  8090/16,000    =  0.505  sq. 

Assuming  a  plate  J^-in.  thick  and  5^^  in.  wide,  which  is  slightly  in  excess  of  the  spread  of  the  lower  chord 
angles,  the  net  area,  deducting  two  rivet  holes,  is  (5.5  —  2  X  K)  K  =  3.75  sq.  in.  The  assumed  plate  provides 
a  large  excess  area,  but  it  is  the  smallest  plate  that  can  be  used  under  the  conditions  for  the  design  stated  in  Art. 
148. 

Joint  a. — Two  designs  will  be  given  for  joint  a,  the  heel  of  the  truss.  Fig.  189  shows  a 
design  in  which  the  stresses  in  the  chord  members  and  the  shoe  are  brought  directly  to  the  gusset 
plate.  In  the  design  shown  in  Fig.  190, 
the  bottom  chord  member  is  prolonged 
and  acts  as  a  support  for  the  shoe.  The 
rivets  must  then  carry  the  vertical  end 
reaction  and  the  horizontal  tension  in 
the  chord  member.  These  designs  will 
be  carried  out  in  detail. 


ea,3i5lb.^ 
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Fig.   189. 
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In  the  design  shown  in  Fig.  189,  all  members 
are  connected  to  the  gusset  plate  by  shop  rivets 
in  bearing  on  a  %-in.  plate.  The  rivet  value  is 
then  5625  lb.  Member  h-a  requires  31,660/5625 
=  6  rivets,  and  member  o-/ requires  28,315/5625 
=  5  rivets;  these  are  shown  in  place  in  Fig.  189. 
The  vertical  end  reaction  is  carried  to  the  gusset 
plate  by  means  of  a  pair  of  short  angles  which 
are  connected  to  the  plate  by  shop  rivets  in 
bearing.  As  the  gusset  plate  does  not  bear 
directly  on  the  sole  plate,  the  rivets  must  carry 
the  entire  reaction  to  the  gusset  plate.  From 
Art.    153,   the  panel  load   for   the  loading  giving 

maximum  stresses  in  the  members  is  4045  lb.,  and  the  end  reaction  is  4  X  4045  =  16,180  lb.  The  number  of 
rivets  required  to  connect  the  shoe  angles  to  the  gusset  plate  is  16,180/5625  =  3.  Fig.  157  shows  four  rivets  in 
place.  The  number  was  increased  to  four  in  order  to  bind  the  shoe  angles  more  firmly  to  the  gusset  plate,  as  tht 
mgles  were  assumed  to  be  12  in.  long. 

The  bearing  area  on  the  masonry  walls  is  determined  from  the  allowable  bearing  pressure,  which  is  given  in 
Art.  148  as  200  lb.  per  sq.  in.  For  the  end  reaction  given  above,  the  required  area  is  16,180/200  =  80.9  sq.  in. 
Since  the  shoe  angles  are  12  in.  long,  the  required  width  of  bearing  is  80.9/12  ■=  6.74  in.  Two  3J-^  X  3M  X  Ji-in. 
angles  will  be  used,  which  will  furnish  a  width  of  7  in.  It  is  the  general  practice  in  roof  truss  construction  to  rivet 
ji  sole  plate  to  the  under  side  of  the  shoe  angles,  and  also  to  place  a  masonry  plate  on  the  wall.  These  plates  are 
made  wider  than  the  shoe  angles,  in  order  to  provide  holes  for  the  anchor  bolts  which  are  located  outside  the 
ingles,  as  shown  in  Fig.  189.  A  plate  about  12  in.  wide  will  allow  sufficient  room  in  the  case  under  consideration. 
The  thickness  of  the  sole  and  masonry  plates  must  be  such  that  they  will  not  be  overstressed  due  to  the  upward 
JDressure  on  the  portion  of  the  plates  which  overhang  the  shoe  angles.  If  this  overhanging  portion  be  considered 
iis  a  cantilever  beam  acted  on  by  a  uniform  load  equal  to  the  reaction  divided  by  the  total  area  of  the  sole  plate, 
;he  required  thickness  is  readily  determined.  In  this  case,  the  upward  pressure  is  carried  by  a  12  X  12-in.  plate, 
md  the  unit  pressure  is  16,180/144  =  112.2  lb.  per  sq.  in.  As  shown  in  Fig.  189,  the  overhang  is  2J^6  in.  The 
sending  moment  at  the  edge  of  the  angle  is  then  >2(2Me  X  112.2)  2Ji6  =  300  in.-lb.  per  inch  of  plate.  As  there 
ire  two  plates  under  the  shoe  angles,  it  will  be  assumed  that  each  plate  carries  one-half  of  the  moment.  The 
equired  thickness  for  each  plate  can  be  determined  from  the  formula  d  =  (6il//6/)  J-2  ,  where  d  =  thickness  of  plate; 
M  =  bending  moment  per  plate,  which  is  150  in.-lb.;  b  =  width  of  plate  under  consideration,  which  is  one  inch; 
iind  /  =  allowable  working  stress,  which  is  16,000  lb.  per  sq.  in.     Then 

d  =  (6  X  150/16,000)M   =  0.237  in. 
iach  plate  will  be  made  J^  in.  thick,  as  this  is  the  thickness  of  plate  generally  used  in  practice. 

The  design  of  the  joint  shown  in  Fig.  190  (a)  differs  from  the  one  given  for  the  arrangement  shown  in  Fig.  189 
•nly  in  the  design  of  the  bottom  chord  attachment.  As  shown  in  Fig.  190  (a),  the  stress  in  the  bottom  chord 
nember  and  the  end  reaction  are  brought  to  the  gusset  plate  by  the  same  group  of  rivets.  Since  the  reaction  and 
he  chord  stress  do  not  have  the  same  line  of  action,  the  rivets  must  be  designed  to  carry  the  resultant  of  these 
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forces.  This  resultant  is  (16,1802  +  28,315')^  =  32,6001b.  The  rivets  are  in  bearing  on  a  %-in.  plate,  and  theii 
value  is  5625  lb.  per  rivet;  the  number  required  is  32,600/5625  =  6  rivets.  Fig.  190  (a)  shows  the  required numbei 
in  place.  It  is  desirable  that  these  rivets  be  placed  symmetrically  with  respect  to  the  intersection  of  the  center  linef 
of  the  members.  This  is  not  always  possible,  due  to  insufficient  room  at  the  end  of  the  chord  member.  The  con- 
nection is  therefore  eccentric,  and  the  rivets  are  subjected  to  additional  stresses  due  to  the  induced  moments 
In  general,  the  eccentricity,  if  unavoidable,  should  be  kept  as  small  as  possible. 

The  stresses  due  to  eccentricity  are  usually  not  calculated  in  practice.  If  desired,  they  can  be  calculated  bj 
the  methods  given  on  page  289.  These  methods  will  now  be  applied  to  the  arrangement  shown  in  Fig.  190  (a) 
The  rivets  are  subjected  to  a  horizontal  load  due  to  the  stress  in  the  bottom  chord  member,  which  is  considered  to  b« 
equally  divided  among  the  rivets,  and  to  a  vertical  load  which  can  be  divided  into  parts.     One  part  is  due  to  th« 

vertical  reaction,  assumed  to  be  uniformly  distributed  over  the  rivets,  anc 
,  a  second  part  due  to  the  eccentric  moment.  Fig.  (b)  shows  the  assumec 
distribution  of  this  latter  part  of  the  stress.  It  can  be  shown  that  the  stresf 
on  the  end  rivets  a  and  /,  due  to  the  eccentric  moment,  is  given  by  thi 
formula,  r  —  Mc/Xx^,  where  r  =  stress  on  rivet,  M  =  moment  due  to  eccen- 
tricity, c  =  distance  from  center  of  gravity  of  rivet  group  to  end  rivet,  and  x 
=  distance  from  center  of  gravity  of  rivet  group  to  any  rivet.  From  Fif 
^^ Zd,3l5Jb.  190,  it  can  be  seen  that  the  eccentricity  of  the  connection  is  one-half  of  s 
rivet  space,  or  IJ-^  in.  The  eccentric  moment  is  then,  M  =  16,180  X  IJ-^  = 
18,200  in. -lb.     If  the  rivet  spacing  be  taken  as  the  unit  distance,  c  =  2.5,  anc 

Sx2  =  2(0.52  +  1.52  +  2.52)  =  17.5 

With  these  values  we  have,  r  =  18,200  X  2.5/17.5  =  2600  lb.  This  loat 
acts  upward  on  rivet  a  and  downward  on  rivet/,  as  shown  in  Fig.  (6).  Th< 
vertical  load  on  rivet  a  due  to  the  reaction  is  also  an  upward  load,  and  it 
amount  is  16,180/6  =  2700  lb.,  giving  a  total  vertical  load  of  2700  4 
2600  =  5300  lb.  on  rivet  o.  All  other  rivets  have  smaller  loads,  that  oi 
rivet  /  being  the  difference  of  the  above  values,  or  100  lb.  These  values  ar 
to  be  combined  with  the  loads  brought  to  the  rivets  by  the  stress  in  th 
chord  member,  which  is  28,315/  6  =  4720  lb.  per  rivet.  The  resultan 
stress  on  rivet  o  is  (53002  +  47202)3-2  =  7070  lb.,  and  that  on  rivet  /  i 
(47202  -|-  1002)  I'i  —  47301b.  Values  for  other  rivets  vary  between  thee 
two  extreme  values. 

Since  the  allowable  stress  on  a  rivet  for  a  %-in.  gusset  plate  is  5625  lb 

Fig.  190.  the  end  rivet  is  overstressed.     This  can  be  relieved,  either  by  reducing  th 

eccentricity,  which  is  not  possible  in  this  case,  or  by  increasing  the  thicknes 

_of  the  gusset  plate.     From  the  tables  of  rivet  values,  it  will  be  found  that  if  the  thickness  of  the  gusset  plate  be  in 

creased  to  Yi,  in.,  the  bearing  value  of  the  rivet  will   be  7500  lb.     The  rivets  are  then  not  overstressed,  and  th 

design  is  satisfactory.     Other  features  of  the  design  are  the  same  as  for  Fig.  189. 

The  purlin  connection  for  the  design  of  Fig.  189  is  the  same  as  that  for  joints  h  and  c.     In  the  design  of  Fig.  19( 

the  top  chord  angles  do  not  provide  proper  support  for  the  purlin.     If  a  purlin  is  used  at  this  point,  a  convenien 

method  of  support  is  provided  by  enlarging  the  gusset  plate  so  that  it  will  carry  a  standard  channel  connectior 

as  shown  in  Fig.  (a). 

156.  Minor  Details. — In  Art.  154,  the  compression  members  were  designed  on  the  assump 
tion  that  the  two  angles  forming  the  member  act  as  a  single  piece.  In  order  that  this  conditioi 
may  be  reaUzed  the  angles  must  be  riveted  together  at  short  interv^als.  The  distance  between  tb 
connecting  rivets,  which  are  known  as  stitch  rivets,  can  be  determined  from  the  condition  tha 
for  equal  rigidity  in  all  directions,  the  ratio  of  unsupported  length  to  radius  of  gyration  for  ; 
single  angle  must  not  exceed  that  for  the  composite  member,  as  given  in  Table  2  of  Art.  154 
Thus,  if  L  and  R  be  respectively  the  unsupported  length  and  the  radius  of  gyration  for  the  com 
posite  section,  and  I  and  r  be  the  corresponding  values  for  a  single  angle,  we  have 

I  =  LrjR 

The  value  of  LjR  for  member  a-b  is  given  in  Table  2  of  Art  154  as  76.5.  From  the  stee 
handbooks  the  value  of  the  least  r  for  a  3M  X  3  X  ^le-in.  angle  is  0.66  in.  Substituting  thest 
values  in  the  above  equation,  we  have,  I  =  76.5  X  0.66  =  50.5  in.  Again,  for  member  h-j 
L/R  =  53.9,  r  =  0.42,  and  therefore  I  =  53.9  X  0.42  =  22.6  in.  By  the  same  method  it  wil 
be  found  for  member  c-g  that  I  =  107.8  X  0.42  =  45.3  in.  In  practice,  these  connecting  rivet; 
are  spaced  from  2  to  about  2}^  ft.  apart  in  compression  members,  and,  although  not  requirec 
for  tension  members,  they  are  generally  provided,  and  are  spaced  from  3  to  3^2  ft.  apart 
The  space  between  the  angles  is  maintained  by  means  of  ring  fills,  or  washers,  through  whicl 
the  rivets  pass. 
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*"  The  ends  of  the  truss  are  fastened  to  the  masonry  walls  by  means  of  anchor  bolts.     For  trusses  of  the  size  under 

consideration  in  this  design,  anchor  bolts  ^4  in.  in  diameter  and  about  2  ft.  long  are  used.     Two  bolts  are  placed  at 
each  end  of  the  truss,  as  shown  in  Fig.  189. 

To  provide  for  the  expansion  of  the  truss  due  to  temperature  changes,  it  is  the  general  practice  to  assume  that 
the  maximum  range  of  temperature  is  150  deg.  With  a  coefficient  of  expansion  for  steel  of  0.0000065,  the  change 
in  length  of  a  50-ft.  truss  is  50  X  150  X  0.0000065  X  12  =  0.585  in.,  or  nearly  Js  in.  To  allow  for  this  move- 
ment, the  anchor  bolts  at  one  end  of  the  truss  are  usually  set  in  slotted  holes.  Allowing  Ke-in.  clearance  all  around 
the  anchor  bolt,  the  required  length  of  slot  is  2  X  M 6  +  ?4  +  J^  =  IM  in.  In  practice,  a  ^Me  X  2-in.  slotted 
hole  would  probably  be  provided. 

The  purlin  connection  for  joint  c,  and  for  the  other  top  chord  joints,  has  been  designed  in  Art.  155,  and  is 
shown  in  Fig.  184.  As  shown  in  Fig.  184,  the  clip  angle  consists  of  a  short  piece  of  5  X  3}^  X  5^6-in.  angle  shop 
riveted  to  the  top  chord  angles.  The  vertical  leg  of  the  clip  angle  should  be  long  enough  to  extend  well  up  on  the 
flange  of  the  channel,  thus  providing  a  means  of  support  which  will  prevent  overturning. 

A  sag  tie  is  sometimes  provided  where  the  length  of  the  bottom  chord  member  g~k  is  such  that  excessive  de- 
flection is  likely  to  occur  due  to  the  weight  of  the  member.  Sag  ties  are  generally  made  of  a  single  angle  of  the 
smallest  size  allowable  under  the  specifications.     Where  the  pitch  of  the  truss  is  ^4,  or  less,  the  use  of  a  sag  tie  is 

'1  advisable. 

I 

157.  Estimated  Weight. — The  truss  members  were  designed  for  dead  load  stresses  de- 
termined from  an  assumed  weight  of  truss  which  was  calculated  from  an  empirical  formula. 
It  is  generally  taken  for  granted  that  the  assumed  weight  is  correct,  and  no  attempt  is  made  to 
calculate  the  \s  eight  of  the  truss  as  designed.  This  procedure  is  allowable,  for,  as  pointed  out 
in  Art.  134,  the  dead  weight  of  trusses  of  the  size  considered  in  this  design  is  a  comparatively- 
small  part  of  the  total  load  to  be  carried  by  the  truss.  A  considerable  error  can  then  be  made 
in  estimating  the  dead  load  without  causing  any  appreciable  error  in  the  maximum  stresses. 

In  order  to  check  the  correctness  of  the  dead  weight  formula  used  in  Art.  150,  an  estimate  has  been  made  of  the 
truss  as  designed  in  the  preceding  articles.  Layout  drawings  were  made  of  the  several  joints  and  the  sizes  of  plates 
and  lengths  of  members  determined  from  these  sketches.  Weights  of  members  and  plates  were  taken  as  given  in 
the  steel  handbooks.  The  several  items,  as  estimated,  were:  main  members,  1700  lb.;  gusset  plates,  170  lb.;  clip 
angles,  rivet  heads,  and  ring  fills,  120  lb.;  a  total  of  1990  lb.  for  one  truss.  As  the  horizontal  covered  area  for  one 
truss  is  15  X  50  =  750  sq.  ft.,  the  true  weight  of  the  truss  is  1990/750  =  2.65  lb.  per  sq.  ft.  of  horizontal  covered 
area.  In  Art.  150  the  weight  of  the  truss,  as  estimated  by  the  formula,  is  given  as  2.7  lb.  per  sq.  ft.  'The  assumed 
and  calculated  weights  agree  so  closely  that  no  revision  of  stresses  is  necessary. 

158.  Design  of  Top  Chord  for  Bending  and  Direct  Stress. — In  certain  cases  the  limiting 
span  of  the  roof  covering  is  such  that  purlins  must  be  placed  between  the  panel  points  of  the  top 
chord.  The  top  chord  member  is  then  subjected  to  bending  as  well  as  direct  stress,  and  must 
be  designed  as  a  combination  beam  and  column.  To  illustrate  the  design  methods  for  such 
cases,  the  design  of  the  preceding  articles  will  be  modified  by  placing  a  purlin  at  the  center 
point  of  each  top  chord  panel  in  addition  to  those  placed  at  the  panel  points.  Working  con- 
ditions, loadings,  and  allowable  stresses  will  be  taken  as  assumed  in  Art.  148. 

Proceeding  as  in  Art.  152,  using  the  same  type  of  roof  covering,  but  with  purlins  spaced  3.5 
ft.  apart,  it  will  be  found  that  the  required  purlin  section  is  a  6-in.  8-lb.  channel,  which  is  the 
minimum  section  allowed  under  the  conditions  of  Art.  148.  This  change  in  the  purlin  arrange- 
ment will  cause  a  slight  increase  in  the  dead  load  stresses.  However,  for  the  purposes  of  this 
design,  it  will  be  assumed  that  the  stresses  in  the  members  are  unchanged,  and  that  the  values 
given  in  Table  1  of  Art.  153  can  be  used  in  the  subsequent  calculations. 

The  chord  section  is  to  be  designed  for  the  same  combinations  of  loading  as  used  in  Art. 
151  for  the  design  of  the  sheathing.  Moments  and  simultaneous  stresses  are  to  be  calculated 
for  these  combinations  of  loading,  and  a  section  chosen  which  will  provide  the  area  required 
by  the  maximum  of  these  conditions  of  loading.  In  calculating  the  moments  due  to  the  applied 
loading,  the  chord  sections  may  be  considered  as  beams  fixed  at  the  ends,  and  the  length  may 
be  taken  as  one  panel.  Based  on  these  assumptions.  Fig.  191  gives  bending  moment  diagrams 
and  moment  coefficients  for  several  loading  conditions.  These  values  were  determined  by  the 
methods  given  in  the  chapter  on  Restrained  and  Continuous  Beams  in  Sect.  1. 

Fig.  192  shows  the  loading  conditions  for  the  several  combinations  of  loading  given  in  Art. 
153.  These  loads  can  be  resolved  into  components  parallel  and  perpendicular  to  the  chord 
members.  It  can  readily  be  seen  that  the  component  perpendicular  to  the  chord  member  will 
cause  bending  moments  whose  amounts  can  be  determined  by  means  of  the  coefficients  given 
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in  Fig.  191,  and  that  the  components  parallel  to  top  chord  tend  to  add  to  the  compression  in  the 
member.     The  values  given  in  Fig.  192  are  in  lb.  per  sq.  ft.  of  roof  surface. 

Fig.  192  (a)  shows  the  conditions  for  combined  dead,  snow,  and  wind  load  expre.ssed  as  a 
uniform  vertical  load.  Since  the  purlins  are  to  be  spaced  3.5  ft.  apart,  the  roof  area  per  purlin  is 
3.5  X  15  =  52.5  sq.  ft.  The  normal  load  is  then  52.5  X  26  =  1365  lb.,  and  the  componeni 
parallel  to  the  chord  member  is  52.5  X  13  =  682  lb.  To  these  loads  must  be  added  the  cor- 
responding components  due  to  the  weight  of  the  purlin.  As  stated  above,  the  adopted  purlir 
is  a  6-in.  8-lb.  section.  The  end  reaction  at  each  truss,  due  to  the  weight  of  a  purlin  is  8  X  1^ 
=  120  lb.;  the  normal  component  of  the  purlin  load  is  120  X  cos  26°  34'  =  107  lb.,  and  tht 
component  parallel  to  the  top  chord  is  120  X  sin  26°  34'  =  54  lb.     This  gives  a  total  norma. 


fhne/poi/rf 


Z^WL 


firKlpoirt 


\     /^       ^  ^  Fbnel  point 


%ne/  po/nf 


Fig.  191. 

load  of  1365  +  107  =  1472  lb.,  and  a  component  parallel  to  the  top  chord  of  682  +  54  = 
736  lb.  From  col.  9  of  Table  1,  Art.  153,  the  stress  in  member  a-h  for  combined  vertical  load- 
ing is  31,660  lb.  Adding  to  this  stress  the  component  of  load  parallel  to  the  chord  member, 
the  total  stress  in  member  a-h  is  31,660  +  736  =  32,396  lb.  From  Fig.  191  the  moment* 
at  the  ends  and  at  the  center  of  a  beam  fixed  at  the  ends  and  loaded  with  a  single  load  placed 
at  the  beam  center  are  equal  to  Wl/S,  positive  moment  at  the  beam  center,  and  negative 
moment  at  the  ends.  With  W  =  1472  lb.,  as  calculated  above,  and  I  =  7  ft.,  the  top  chord 
panel  length,  the  moments  are,  M  =  1472  X  7  X  12/8  =  15,480  in.  -lb. 

Fig.  192  (5)  shows  the  components  for  dead  load,  one-half  snow  load,  and  maxinumi  wind 
load,  and  Fig.  (c)  shows  corresponding  values  for  dead  load,  maximum  snow  load,  and  one- 
third  wind  load.  These  combinations  correspond  to  cases  (h)  and  (c)  of  Art.  151.  By  the  same 
methods  as  used  above,  the  moments  and  the  simultaneous  compression  for  the  three  con 
ditions  of  loading  shown  in  Fig.  192  are: 


Condition  of 
loading 
Fig.  (o) 
Fig.  (6) 
Fig.  (c) 


Maximum 

moment 

15,480  in.-lb. 

18,700  in.-lb. 

18,120  in.-lb. 


Simultaneous 
compression 

32,396  lb. 

26,895  lb. 

30,654  lb. 
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The  required  chord  section  can  be  determined  by  the  methods  given  in  the  chapter  on 
Bending  and  Direct  Stress  in  Sect.  1.  The  method  there  given  is  applied  to  the  cause  under 
consideration  by  assuming  a  chord  section  and  calculating  the  maximum  fiber  stresses  due  to 
the  combinations  of  loadings  given  above.  If  the  calculated  fiber  stresses  agree  closely  with 
the  allowable  working  values,  the  assumed  section  is  accepted.  If  the  calculated  values  are  too 
small  or  too  large,  another  trial  must  be  made,  until  finally  an  agreement  is  reached  between 
actual  and  allowable  fiber  stresses. 

A  method  which  leads  more  directly  to  the  desired  section  is  obtained  from  the  following 
analysis.  Consider  first  the  case  of  a  column  acted  upon  by  an  axial  load  P.  The  maximum 
stress  on  the  extreme  fibers  of  the  section  is  given  by  the  expression,  /  =  P/A  +  Pec/ 1,  where 
P  =  axial  load;  A  =  area  of  section;  e  =  eccentricity  of  load  application  due  to  imperfect 
centering  of  the  load  and  to  imperfections  in  column  construction ;  c  =  distance  from  column 
center  to  extreme  fiber ;  and,  /  =  moment  of  inertia  of  the  column  section.  If  Ar-  be  substituted 
for  /,  where  r  is  the  radius  of  gyration  of  the  section,  the  above  equation  can  be  written  in  the 
form,  /  =  P/A{1  +  ec/r"^).     Solving  for  the  required  area,  we  have, 

A  =  P(l  +  ec/r^)/f  a) 

As  stated  by  eq.  (1),  the  area  of  the  column  section  for  a  given  load  P  is  found  by  increasing 
the  load  by  a  certain  percentage,  and  dividing  this  increased  load  by  the  maximum  allowable 
fiber  stress  The  general  practice  in  column  design  is  to  use  the  column  load  without  increase, 
and  to  allow  for  the  term  ec/r^  of  eq.  (1)  by  reducing  the  allowable  working  stress.  This  re- 
duction in  working  stress  is  made  by  means  of  a  selected  column  formula.  Eq.  (1)  is  then 
changed  to  read 

A  =  P/fc  (2) 

where  fc  is  the  working  stress  as  given  by  the  column  formula. 

Consider  now  the  case  of  a  column  subjected  to  a  moment  M  in  addition  to  the  axial  load 
P      The  total  stress  on  the  extreme  fibers  of  the  section  will  be 

/  =  P/A  +  Pec/I  +  Mc/I  =  ^(1  +  ec/r^)  +  Mc/Ar'' 

Solving  for  A,  the  required  area,  we  have 

A  =  P(l  +  ec/r^)/f  +  Mc/fr-' 

It  will  be  noted  that  the  first  term  of  this  expression  is  the  same  as  eq.  (1).  Replacing  this  term 
by  one  of  the  form  of  eq.  (2),  we  have 

A  =  P/fc  +  Mc/Jr^  (3) 

That  is  the  area  required  for  a  column  subjected  to  bending  and  direct  stress  is  equal  to  the 
area  required  as  a  beam  plus  the  area  required  as  a  column;  the  fiber  stress  for  bending  is 
the  maximum  allowable,  in  this  case  16,000  lb.  per  sq.  in.,  and  the  fiber  stress  for  column  action  is 
that  given  by  the  column  formula,  which  in  this  case  in  16,000  —  70  l/r.  The  value  of  r  is  to  be 
taken  for  the  entire  section. 

In  applying  eq.  (3)  to  the  determination  of  the  section  required  for  the  several  combinations 
of  moment  and  direct  stress  given  above,  it  will  probably  be  found  best  to  make  a  rough  calcu- 
lation of  area,  using  moments  and  loads  which  are  the  average  of  the  given  values.  Next 
assume  that  an  angle  Avith  a  certain  width  of  leg  is  to  be  used.  Approximate  values  of  c  and  r 
can  be  used  in  this  calculation.  From  the  handbooks  it  will  be  found  that  for  unequal  angles 
with  the  longer  legs  placed  back  to  back,  the  values  of  c  and  r  are  practically  equal  for  an  axis 
parallel  to  the  shorter  legs,  and  that  they  are  approximately  equal  to  J^  of  the  length  of  the 
longer  legs.  On  comparing  the  area  determined  by  the  substitution  of  these  approximate 
quantities  in  eq.  (3)  with  the  areas  given  in  the  handbooks  for  angles  of  the  assumed  width, 
it  is  possible  to  tell  whether  a  wider  or  narrower  angle  should  be  used. 

For  the  case  under  consideration,  a  rough  average  of  the  moments  and  direct  loads  is 
M  =  18,000  in.-lb.,  and  P  =  30,0001b.  Assume  that  a  4-in.  angle  is  to  be  used.  The  approxi- 
mate values  of  c  and  r  will  be  3^  X  4  =  1.33  in.  In  applying  eq.  (3),  substitutions  must  be  made 
for  points  at  the  center  and  at  the  end  of  the  member.  This  is  due  to  the  fact  that  column 
^.ction  i5  present  at  the  center  of  the  member,  while  at  the  ends  of  the  member  simple  compres- 
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sion  exists.  Again,  at  the  center  of  the  member  the  moment  is  positive  and  at  the 
ends  the  moment  is  negative.  The  compression  fiber  is  then  at  the  top  of  the  member  at  its 
center  point,  and  c  =  )^  width  of  member;  at  the  end  points  the  compression  fiber  is  on  the 
side  of  the  member,  and  c  =  %  width  of  member.  The  greater  of  the  areas  thus  obtained  de- 
termines the  area  required  for  the  member. 

The  length  of  the  member  under  consideration  is  given  in  Table  2  of  Art.  154  as  84  in. 
Then  with  r  =  1.33,  we  have/.  =  16,000  -  70  l/r  =  16,000  -  70  X  84/1.33  =  11,670  lb.  per 
sq.  in.     The  calculated  areas  are  as  follows: 

At  center  of  member, 

30,000  ,   18,000  X  1.33 


11,(570  "*"  16,000  X  (1.33)2 


At  end  of  member, 


30,000 


18,000  X  2.66 


=  2.57  +  0.85  =  3.42  sq.  in. 


=  1.87  +  1.70  =  3.57  sq.  in. 


16,000  '  16,000  X  (1.33)2 

From  the  steel  handbooks,  it  will  be  found  that  the  area  of  the  smallest  4-in.  angle  is  4.18  sq. 
in.  Similar  trials  made  for  3  and  5-in.  angles  showed  that  the  former  was  probablj-  too 
small,  and  the  latter  too  large.     More  exact  calculations  will  therefore  be  made  for  the  4-in. 


Ixriernl  bracing  connections 
not  shown 

Fia.    193. — General  drawing  of  50-ft.  steel  roof  truss. 


The  chord  section  will  be  assumed  as  made  up  of  two  4  X  3  X  5^6  in.  angles  with  the  4-in.  legs  separated  by  a 
^-in.  space.  Since  the  chord  member  is  supported  laterally  at  its  center  point  by  the  purlins,  the  greatest  un- 
supported length  is  in  a  vertical  plane.  From  the  steel  handbooks,  r  =  1.27  in.,  and  c  =  1.26  in.  at  the  center  of  the 
member  and  c  =  4.0  -  1.26  =  2.64  in.  at  the  end  of  the  member.  From  the  column  formula,  fc  =  16,000  —  70  X 
84/1.27  =  11,370  lb.  per  sq.  in.  Proceeding  as  above,  it  will  be  found  that  the  values  given  for  the  conditions  of 
Fig.  (c)  require  the  greatest  area.     These  calculations  follow. 

Area  required  for  condition  of  loading  shown  in  Fig.  193  (c): 

At  center  of  member 

30,654    ,     18,120  X  1.26 


Ac  = 


11,370 


+ 


At  end  of  member 


16,000  X  1.272 

30,654         18.120  X  2.74 
16,000  "*"   16.000  X  1.272 


=  3.59  sq.  in. 


=  3.85  sq.  in. 


For  the  conditions  of  loading  shown  in  Figs,  (a)  and  (6),  the  results  obtained  were  as  follows:   (a)  Ac  =  3.60  sq.  in., 
Ac  =  3.66  sq.  in.;  and    (6)  Ae  =  3.28  sq.  in.,  At  =  3.66  sq,  in.     Since  the  calculated  areas  are  all  less  than  that 
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furnished  by  the  assumed  angles,  whose  area  is  4.18  sq.  in.,  and  since  the  agreement  between  required  and  provided 
areas  was  as  close  as  could  be  obtained,  using  standard  angles,  the  assumed  section  will  be  adopted. 

The  design  of  the  top  chord  section,  as  given  above,  is  based  on  the  assumption  that  the  chord  members  act  as 
beams  fixed  at  the  ends.  At  panels  points  where  the  member  is  continuous  across  the  joint,  as  at  b,  c,  etc.,  this 
assumption  is  probably  realized.  At  joint  a  the  chord  member  is  riveted  to  the  gusset  plate.  In  order  to  fix  this 
point,  an  external  moment  must  be  applied  which  will  be  equal  to  the  moment  brought  to  the  joint  due  to  the  end 
moment  in  the  fixed  beam.  The  lower  chord  member  and  the  bearing  of  the  shoe  on  the  masonry  will  offer  some 
resistance  to  the  moment,  but  as  the  lower  chord  member  is  not  as  rigid  as  the  top  chord,  it  can  not  be  depended  up- 
on to  provide  fixed  end  conditions  at  the  joint. 

An  external  moment  of  the  desired  amount  can  be  produced  at  joint  a  by  making  the  center  line  of  the  reaction 
eccentric  with  respect  to  the  intersection  of  the  center  lines  of  the  members.  Thus,  for  the  conditions  governing  the 
chord  design,  the  end  moment  is  18,120  in.-lb.,  and  the  end  reaction  is  16,180  lb.  The  required  eccentricity  is  then 
18,120/16,'l80  =  1.12  in.  Since  the  end  moment  is  negative,  it  tends  to  cause  a  clockwise  rotation  of  the  joint. 
If  the  reaction  line  be  moved  1.2  in.  to  the  right  of  the  position  shown  in  Fig.  189,  the  desired  eccentric  moment  will 
be  produced.     A  similar  result  can  be  obtained  for  the  design  shown  in  Fig.  190. 

159.  Design  of  Bracing. — A  general  discussion  of  the  bracing  of  roof  trusses  is  given  in 
Art.  129.  Bracing  for  roof  trusses  of  the  type  considered  in  this  chapter  is  generally  placed  only 
in  the  plane  of  the  lower  chord  of  the  truss.  It  is  usually  assumed  that  the  sheathing  and  pur- 
hns,  when  placed  in  position,  will  provide  sufficient  bracing  for  the  plane  of  the  top  chords.  In 
some  cases  a  ridge  strut  running  the  full  length  of  the  building  is  placed  at  the  apex  of  the  truss. 
This  ridge  strut  serves  also  as  erection  bracing  before  the  purlins  are  placed  in  position.  Where 
the  roof  covering  is  corrugated  steel,  bracing  is  generally  placed  in  the  plane  of  the  top  chord, 
as  the  corrugated  steel  is  not  rigid  enough  to  provide  the  necessary  lateral  support. 

Bracing  of  the  type  mentioned  above  is  not  subjected  to  any  definite  loads;  a  rigid  analysis 
of  stresses  clin  not  be  made.  The  designer  must  rely  upon  his  judgment  and  experience  in  de- 
termining the  type  and  position  of  the  bracing,  and  the  size  of  the  members  to  be  used  in  any 
structure. 

Fig.  180  shows  the  arrangement  of  bracing  which  will  be  adopted  for  the  truss  under  con- 
sideration. Pairs  of  trusses  near  the  ends  of  the  building  will  be  provided  witli  diagonal  bracing 
placed  in  the  plane  of  the  bottom  chord.  The  other  trusses  wall  be  connected  to  the  braced 
trusses  by  means  of  a  continuous  line  of  struts  placed  in  the  plane  of  the  bottom  chord.  These 
struts  are  located  at  joints  g  and  k.  In  addition  to  this  bracing  a  ridge  strut,  located  at 
joint  c,  will  be  run  the  full  length  of  the  building. 

The  diagonal  members  of  the  bracing  in  the  plane  of  the  lower  chord  will  be  made  of  single  angles  of  minimum 
size.  As  the  angles  are  to  be  connected  by  one  leg  only,  a  2^  X  2  X  >i-in.  angle  will  be  used.  The  struts  will  be 
considered  as  compression  members;  their  size  will  be  determined  subject  to  the  condition  that  l/r  must  not  exceed 
150,  which  is  the  limiting  value  set  for  such  members  in  Art.  148.  As  the  trusses  are  15  ft.  apart,  the  angles  must 
have  a  radius  of  gyration  of  at  least  r  =  Kso  =  12  X  i^so  =  1-2  in.  From  the  steel  handbooks  it  will  be  found 
that  the  standard  angles  of  least  weight  which  will  answer  the  requirements  are  two  4  X  3  X  Me-in.  angles  placed 
with  the  4-in.  legs  vertical  and  separated  by  at  least  a  M-in.  space.  These  angles  will  therefore  be  used  for  the 
struts  between  trusses,  and  also  for  the  ridge  struts. 

The  bracing  in  the  plane  of  the  lower  chord  of  the  truss  is  attached  to  plates  riveted  to  the  truss,  as  shown 
in  Fig.  193.  At  joint  g  the  splice  plate  on  the  horizontal  legs  of  the  bottom  chord  angles  is  enlarged  to  include  the 
connecting  rivets  in  addition  to  those  required  for  the  splice.  An  exact  determination  of  the  number  of  rivets 
required  in  the  ends  of  the  bracing  angles  can  not  be  made,  as  these  members  have  no  definite  stress.  Some  de- 
signers assume  that  the  connections  are  to  be  designed  for  the  full  strength  of  the  member.  On  this  assump- 
tion the  2H  X  2  X  3-i-in.  angles  would  require  16,000(1.06  -  0.22) /2810  =  5  field  rivets.  Experience  shows 
that  for  small  trusses,  two  rivets  are  suflBcient. 

160.  The  General  Drawing. — Fig.  193  shows  a  general  drawing  of  the  truss  designed  in  the 
preceding  articles.  On  this  drawing  is  shown  the  sizes  of  members,  thickness  of  gusset  plates, 
number  of  rivets  in  the  members  at  each  joint,  arrangement  of  bracing,  and  all  other  details 
determined  in  the  preceding  calculations.  It  will  be  noted  that  only  the  general  features  of  the 
design  are  shown  on  this  drawing.  This  is  the  type  of  drawing  turned  out  by  the  average 
designing  office. 

Before  the  truss  can  be  constructed  in  the  shop,  a  drawing  must  be  made  showing  in  greater  detail  the  dimen- 
sions of  the  members  and  plates  and  the  spacing  of  the  rivets.     A  drawing  of  this  nature  is  known  as  a  shop  drawing. 
I   The  principles  governing  the  making  of  shop  drawings  are  given  in  the  chapter  on  Structural  Steel  Detailing.     The 
reader  is  referred  to  p.  319  for  a  complete  shop  drawing  of  a  truss  quite  similar  to  the  one  designed  in  the  preceding 
articles. 
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DETAILED  DESIGN  OF  A  TRUSS  WITH  KNEE-BRACES 

By  W.  S.  Kinne 

161.  General  Considerations  and  Form  of  Trusses.— The  discussion  of  the  preceding 
chapter  was  confined  to  roof  trusses  supported  on  rigid  masonry  walls.     This  type  of  structure 
is  shown  in  Fig.  194  (a).     The  truss  is  not  called  upon  to  assist  in  carrying  lateral  forces.     Re- 
sistance to  lateral  forces  is  provided  by  the  walls  on  which  the  truss  is  simply  supported. 
In  certain  types  of  structures,  particularly  mill  buildings  and  storage  sheds,  the  trusses  are 

supported  on  steel  columns,  as  showTi  in  Fig.  (b). 
The  outside  walls  are  formed  either  by  a  curtain 
wall  of  brick,  or  by  sheathing  or  corrugated -steel 
siding  which  is  supported  by  the  columns.  In  either 
case  these  walls  act  merely  as  partitions,  and  do 
not  assist  in  carrying  lateral  forces,  as  in  the  case 
of  the  rigid  walls  of  Fig.  (a).  If  lateral  forces  are  ap- 
plied to  a  truss  resting  on  columns,  as  shown  in  Fig. 
(b),  the  structure  tends  to  collapse,  as  shown  by  the 
dotted  lines.  This  distortion  must  be  prevented  by 
bracing  capable  of  resisting  horizontal  forces. 

The  bracing  provided  to  resist  horizontal  forces 
must  answer  two  conditions.  It  must  not  obstruct 
the  clear  space  between  the  walls  and  the  lower  chord  of  the  trusses,  and  it  must  proA-ide  a 
means  of  joining  the  trusses  and  the  colamns  into  a  rigid  frame  work.  In  small  structures 
the  required  resistance  to  distortion  is  sometimes  provided  by  means  of  riveted  joints  at  A 
and  B  of  Fig.  (6).  This  method  is  not  economical,  even  for  trusses  of  moderate  size.  Fig. 
194  (c)  shows  a  simple  means  of  providing  the  required  bracing.  Short  members  known  as 
knee-braces,  are  connected  to  the  column  and  to  a  lower  chord  panel  point.  The  structure 
thus  formed  answers  the  above  requirements, 
_and  the  stresses  in  the  members  are  readily       ,^gi^''^^  .^;;t;#;^>^  ^c^t^^l^]^ 

Fig.  195  shows  a  few  of  the  forms  of  knee- 
braced  bents  in  common  use.  Fig.  (a)  shows  a 
Fink  truss  with  knee-braces,  and  Figs,  (fe)  and 
(c)  show  trusses  of  the  Pratt  type.  Fig.  (d) 
shows  a  flat  Pratt  truss  with  the  end  members 
prolonged  to  form  a  column.  Other  forms  of 
trusses  can  be  arranged  in  a  similar  manner. 
Figs,  (e)  and  (/)  show  trusses  provided  with  a 
monitor  at  the  apex.  In  the  form  shown  in 
Fig.  (/),  side  trusses  are  also  provided. 

162.  General  Methods  of  Stress  Deter- 
mination.— Fig.  196  shows  a  knee-braced  bent 
acted  on  by  wind  loads  Wi  perpendicular  to 
the  side  walls,  and  loads  W2  normal  to  the  roof 
surface.  General  methods  of  stress  determina- 
tion will  be  developed  for  the  conditions  shown 
in  Fig.  196.  Assume  first  that  the  truss  is  sim- 
ply supported  at  points  A  and  B  by  hinges,  or  by  some  method  w  hich  wnll  prevent  horizontal 
movement  under  the  action  of  the  applied  loads.  Let  R  of  Fig.  (aj  represent  the  resultant  of 
the  loads  Wi  and  W2.     The  reactions  at  A  and  B  are  to  be  determined  for  the  force  R. 

For  the  conditions  shown  in  Fig.  196,  it  will  be  noted  that  there  are  four  unknowns  to  be 
determined;  a  vertical  and  a  horizontal  force  at  A  and  B.  The  problem  is  therefore  indeter- 
minate, for,  as  stated  in  the  chapter  on  Principles  of  Statics  in  Sect.  1,  only  three  unknowns 


(c) 


(b) 


(c) 


p^^^lAKr^ 


(e) 


(d) 


.^<^'^ 


''^'^7''=fc>, 


(f) 
Fig.   195. 
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can  be  determined  in  any  system  of  non-concurrent  forces.  Some  assumption  must  then  be 
made  regarding  the  relation  between  certain  of  these  forces  before  a  solution  can  be  made. 
It  will  be  convenient  in  this  case  to  consider  the  relation  between  the  horizontal  components 
of  the  forces  at  A  and  B.  The  desired  relation  can  be  obtained  from  a  principle  brought  out  in 
the  analysis  of  statically  indeterminate  structures  which  states  that  where  there  is  more  than 
one  path  over  which  the  stresses  due  to  a  given  load  may  pass  in  order  to  reach  the  abutments 
or  points  of  support,  the  load  will  be  divided  over  these  paths  in  proportion  to  their  relative 
rigidities.  It  is  reasonable  to  assume  in  this  case  that  the  loads  are  transmitted  from  the  truss 
to  the  columns  and  thence  to  the  points  of  support.  As  the  columns  are  generally  made  alike, 
and  are  therefore  of  equal  rigidity,  it  is  usually  assumed  that  the  horizontal  components  of  the 


M 


i;;?^^^^^": 


M^'Mi 


Moment 
^4y     Diagram 

Fig.   196. 

applied  loads  are  equally  divided  between  the  two  points  of  support.  Thus,  if  H  be  the  hori- 
zontal component  of  R,  we  have 

H,  =  H2  =  H/2  (1) 

where  Hi  and  H2  represent  the  horizontal  components  of  the  reactions  at  A  and  B,  Fig.  196  (a). 
The  vertical  components  of  the  reactions,  shown  by  V'l  and  F2  in  Fig.  (a),  can  be  determined 
by  moments.     Thus  in  general  terms,  we  have  from  moments  about  B 

Vi  =  Rb/l  (2) 

and  from  moments  about  A 

V2  =  Ra/l  (3) 

The  reactions  are  thus  completely  determined. 

Before  proceeding  to  the  determination  of  the  stresses  in  the  truss  members,  it  will  be  necessary  to  consider 
the  conditions  existing  in  the  columns.  As  shown  in  Fig.  196  (a),  the  horizontal  forces  are  carried  to  the  points  of 
mpport  by  means  of  a  vertical  member.  As  the  loads  act  at  right  angles  to  the  member,  it  is  subjected  to  bending  as 
well  as  direct  stress.  The  distortion  of  the  structure  as  a  whole  is  of  the  nature  shown  in  Fig.  (b).  In  Fig.  (c)  is 
shown,  to  an  enlarged  scale,  one  of  the  distorted  columns.  Since  the  column  is  riveted  to  the  truss  at  point  C,  and  to 
;he  knee-brace  at  point  E,  it  seems  reasonable  to  assume  that  E-C  remains  vertical,  and  that  the  distortion  of  E-B 
reatly  magnified,  is  as  shown  in  Fig.  (c).  The  column  is  then  a  three  force  piece,  as  it  is  subjected  to  bending 
moment,  shear,  and  direct  stress  at  all  points.  If  Mx,  Vx,  Sx  represent  these  quantities  at  any  section  a 
listance  x  above  the  base  of  the  column,  we  have  for  member  B-E  of  Fig.  196. 

M^  =  HiX  Vx  =  Hi  Sx  =  72  (4) 
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The  moment,  as  given  by  the  first  of  these  expressions,  is  a  maximum  at  point  E,  the  foot  of  the  knee-brace,  varying 
uniformly  to  zeio  at  the  foot  of  the  column,  as  shown  by  the  moment  diagram  of  Fig.  (c).  Values  of  the  shear 
and  direct  stress  for  member  C-E  depend  on  the  stress  in  the  knee-brace,  which  is  as  yet  unknown. 

In  general  the  columns  are  rigidly  fastened  to  the  foundations  by  a  detail  of  the  type  shown  in  Fig.  210. 
The  distortion  of  the  column  is  then  of  the  nature  shown  in  Fig.  196  ((/).  When  the  base  is  fixed,  the  tangent  to  the 
curve  at  point  B  can  be  assumed  to  be  vertical.  As  the  tangent  at  E  is  also  vertical,  the  curvature  between  the  two 
points  can  be  assumed  to  be  a  reversed  curve,  with  the  point  of  inflection,  or  change  in  curvature,  at  point  O,  half- 
way between  E  and  B.  Since  a  point  of  inflection  is  also  a  point  of  zero  moment,  the  variation  in  moment  for 
member  B-C  is  as  shown  in  Fig.  (d).  The  moment  at  O  is  zero,  and  the  moments  at  points  equal  distances  above 
and  below  O  are  equal  in  amount,  but  opposite  in  kind.  It  will  be  noted  that  the  portion  O-  E  of  the  deformed  col- 
umn of  Fig.  (d)  is  similar  to  the  portion  B-E  of  Fig.  (c).  Since  the  moment  at  O  is  zero,  this  point  can  be  regarded 
as  a  hinged  joint.  In  the  determination  of  stresses  the  column  can  be  separated  into  two  parts  at  point  O,  as  shown 
in  Fig.  (e).  The  reactions,  as  given  by  eqs.  (1),  (2),  and  (3),  are  to  be  calculated  for  a  knee-braced  bent  consisting 
of  that  part  of  the  structure  above  points  O  of  Fig.  (a).  The  moment  at  the  base  of  the  column  can  be  determined 
from  the  conditions  shown  in  Fig.  (e)  for  the  lower  portion  of  the  column. 

The  position  of  the  point  of  inflection  has  an  important  bearing  on  the  stresses  in  the  members.  It  can  be  seen 
from  eqs  (1),  (2),  and  )3)  and  from  Fig.  (a),  that  the  values  of  the  reactions  depend  upon  the  effective  height  of  the 
bent.  A  fixed  end  bent,  considered  as  hinged  at  O,  midway  between  the  knee-brace  and  the  base,  will  in  general 
have  smaller  stresses  in  its  members  than  one  with  simply  supported  ends,  considered  as  hinged  at  A  and  B.  How- 
ever, unless  the  connections  at  E  and  C  of  Fig.  (d)  are  absolutely  rigid,  and  the  base  of  the  column  is  fixed,  the  point 
of  inflection,  O,  can  not  be  assumed  as  located  halfway  between  the  base  of  the  column  and  the  foot  of  the  knee- 
brace.  Any  tendency  of  the  tangents  to  deviate  from  the  vertical  will  cause  the  point  of  inflection  to  be  lowered, 
the  limit  being  points  A  and  B,  or  a  hinged  connection  at  the  base  of  the  columns.  Since  the  base  of  the  column 
is  usually  rather  wide  in  the  pline  of  the  truss,  it  can  always  be  considered  as  partially  fixed  due  to  the  action  of 
the  dead  load.  In  most  cases  the  column  is  firmly  attached  to  the  foundations  by  means  of  anchor  bolts  which  are 
screwed  up  tight.  As  long  as  these  bolts  remain  tight,  the  base  of  the  column  can  be  considered  as  fixed.  But 
experience  shows  that  this  can  not  be  relied  upon.  It  seems  best,  therefore,  to  assume  that  the  point  of  inflection 
is  somewhat  below  the  mid-point  between  the  knee-brace  and  the  base  of  the  column.  This  assumption  is  on  the 
safe  side,  as  the  stresses  in  the  truss  members  are  increased  thereby,  and  the  moment  to  be  carried  by  the  columns 
is  also  increased. 

In  the  calculations  to  follow,  it  will  be  assumed  that  the  distance  from  the  base  of  the  column  to  the  point  of 
inflection  is  one-third  of  the  distance  from  the  base  of  the  column  to  the  foot  of  the  knee-brace,  as  shown  in  Fig. 
(/).  There  is  considerable  difference  of  opinion  among  designers  and  writers  on  this  point.  The  recommendation 
made  above  seems  to  be  reasonable  and  to  be  founded  on  conditions  which  actually  exist  in  the  structure;  it  will 
therefore  be  adopted. 

Methods  of  stress  calculation  are  best  explained  by  means  of  a  problem.     For  this  purpose, 

a  truss  of  the  form  considered  in  the  preceding  chapter  will  be  placed  on  columns  and  provided 

with  knee-braces.  Fig.  197  shows  the  dimen- 
sions of  the  knee-braced  bent  thus  formed. 
The  wind  pressure  on  a  vertical  surface  will  be 
taken  as  20  lb.  per  sq.  ft.,  and  that  on  an  in- 
clined surTace  will  be  20  lb.  reduced  by  ihe 
Duchemin  formula,  which  is  given  in  Art.  1 35. 
Since  the  assumed  conditions  are  the  same  as 
for  the  design  given  in  the  preceding  chapter, 
the  wind  panel  load  normal  to  the  roof  surface 
is  1565  lb.,  as  calculated  in  Art.  153.  The 
total  horizontal  load  on  the  side  of  the  struc- 
ture above  the  point  of  inflection  is  15X  J5X  20  =  4500  lb.  This  load  is  distributed  to  the 
vertical  panel  points  as  shown  in  Fig.  198(o).  It  will  be  assumed  that  the  bases  of  the 
columns  are  partially  fixed,  and  that  the  point  of  inflection  is  located  at  a  point  above  the 
base  of  the  column  equal  to  one-third  of  the  distance  between  the  base  and  the  foot  of  the 
knee-brace,  as  shown  in  Fig.  197.  Figs.  197  and  198  (o)  show  the  portion  of  the  bent  above 
the  assumed  points  of  inflection,  with  the  applied  loads  in  position. 

The  reactions  at  the  points  of  inflection,  O  and  O'  of  Fig.  197,  assumed  to  be  points  of  sup- 
port for  a  hinged  knee-braced  bent,  can  be  calculated  by  the  methods  given  in  Sect.  1.  From 
Fig.  198  (a),  the  total  horizontal  component  of  applied  loads  is  4500  -f  6260  sin  26°  34'  = 
4500  +  6260  X  0.447  =  4500  +  2800  =  7300  lb.  The  horizontal  components  of  the  reactions, 
as  determined  from  eq.  (1),  are 

H^  ==  Hi  =  HJ2  =  7300/2  =  3650  lb. 


Fic.  197. 
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The  forces  act  as  shown  in  Fig.  198  (a).  The  vertical  reactions  are  determined  from  moments 
about  the  bases  of  the  columns,  using  eqs.  (2)  and  (3).  Thus  for  R^,  from  moments  about 
O  with  dimensions  and  loads  as  shown  on  Fig.  198  (a),  we  have 

6260   X   20.71   +  4500   X  7.5 


Ri   = 


50 


and 


R,  = 


6260  X  23.99  -  4500  X  7.5 
50 


=  3260  lb. 


2340  lb. 


These  forces  are  shown  in  position  on  Fig.  198  (a).     All  external  are  thus  completely  deter- 
mined. 

The  next  step  in  the  calculations  is  the  determination  of  the  stresses  in  the  members  of 
the  truss.     In  general  it  will  be  found  that  graphical  methods  of  stress  determination  are  pref- 
erable for  this  purpose.     Alge-  i»?>* 
braic  methods  of  stress  calcu- 
lation    are     somewhat     more 
precise  than  graphical  methods, 
but  in  the  application  of  alge- 
braic    methods     considerable 
time  is  consumed  in  the  calcu-'^^2^ 
lation  of  lever  arms  of  loads 
and  members.     This  is  avoided 
by      the      use     of      graphical 
methods,   and  the  results  ob- 
tained are  accurate  enough  for 
all  practical  purposes. 

In  the  application  of 
graphical  methods  to  a  knee- 
braced  bent  a  little  difficulty  is 
encouncered  in  the  case  of  the 
columns.  These  members  are 
subjected  to  shear,  moment, 
and  direct  stress,  thus  forming 
three  force  pieces.  The  graph- 
ical methods  of  Sect.  1  are  ap- 
plicable only  to  one  force  -pia  198 
pieces — that  is,  members  sub- 
jected either  to  tension  or  compression.  Two  methods  can  be  employed  for  the  graphical 
solution  of  the  case  under  consideration :  (a)  The  columns  can  be  removed  and  in  their  place 
can  be  substituted  a  system  of  forces  whose  effect  on  the  structure  as  a  whole  will  be 
the  same  as  that  of  the  columns,  and  (5)  since  a  moment  can  be  considered  as  a  force  times 
a  distance,  a  temporary  framework  can  be  added  to  the  truss  system,  arranged  so  that  the 
moment  at  the  foot  of  the  knee-brace  will  cause  stress  in  the  members  of  the  auxiliary 
framework.  After  the  stresses  in  all  members  of  the  truss  have  been  determined,  the  temp- 
orary framework  can  be  removed  and  the  true  stresses  in  the  columns  determined.  This 
method  is  quite  similar  in  principle  to  the  one  given  in  Sect.  1,  Art.  84,  for  the  determination 
of  the  stresses  in  certain  members  of  the  Fink  truss.  The  methods  described  above  will  now 
be  applied  to  the  knee-braced  bent  of  Fig.  198  (a). 

The  application  of  the  first  method  outlined  above  is  shown  in  Figs.  198  (6),  (c),  and  {d).  Figs.  (6)  and  (c) 
show  the  columns  removed  with  all  forces  acting.  Forces  Fi  and  F2  show  the  action  of  the  column  on  the  truss. 
These  forces  are  determined  by  the  methods  of  statics,  subject  to  the  condition  that  the  column  is  in  complete 
equilibrium.     From  Fig.  (6),  which  shows   the  conditions  for  the  windward  column,  moments  about  point  I  give 


and  moments  about  point  a  give 
35 


Fi  =  (3650  -  1500)10/5  =  4300  1b. 
F2  =  (3650  -  1500)15/5  =  6450  1b. 
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For  the  leeward  column,  shown  in  Fig.  (c) 


Fi  =  3650  X  10/5  =  7300  lb. 


and 


Fig.   199. — Knee-braced  trusses. 


F2  =  3650  X  15/5  =  10,950  lb. 
All  forces  are  shown  in  position  in  Figs.  (6)  and  (c). 

Since  action  and  reaction  are  equal  in  amount  but  opposite  in  direction,  forces  Fi  and  F2  are  to  be  applied  to  the 

truss  in  directions  opposite  to  those  shown  in 
Figs.  (6)  and  (c).  They  appear  directly  on  the 
leeward  side,  but  on  the  windward  side  they 
are  to  be  combined  with  the  loads  shown  at  a 
and  e  of  Fig.  (o).  At  a  the  applied  load  is 
4300  +  750  =  5050  lb.,  and  at  e  the  load  is 
6450  -  2250  =  4200  lb.  These  forces  are 
shown  in  position  and  direction  on  Fig.  198 
(d).  At  the  foot  of  the  knee-brace,  vertical 
forces  equal  to  the  reaction  at  the  foot  of  the 
column  are  applied,  as  shown  in  Fig.  (d). 
The  resulting  forces  hold  the  structure  in 
equilibrium. 

Fig.  199  (b)  shows  the  stress  diagram  for 
the  forces  shown  on  Fig.  198  (d)  and  repeated 
on  Fig.  199  (a).  This  stress  diagram  is  con- 
structed by  the  methods  given  in  Sect.  1.  The 
stresses  in  the  members,  as  scaled  from  the 
diagram,  are  recorded  in  col.  4  and  6  of  Table 
1,  Art.  164.  The  stresses  in  the  upper  portion 
of  the  columns  are  given  directly  in  the  stress 
diagram.  In  the  lower  portions  of  the  columns, 
the  stress  is  equal  to  the  reaction  at  the  point, 
in  question,  as  given  in  Fig.  198  (d). 

The  temporary  framework  for  the  second 
method  of  stress  determination  outlined  above  is  shown  in  Fig.  200  (a).  Any  convenient  arrangement  can  be 
used.  In  this  case  the  top  chord  member  was  prolonged  to  an  intersection  with  a  horizontal  through  the  foot 
of  the   knee-brace.      This   point  was  _^ 

then  connected  to  the  foot  of  the 
column  by  a  temporary  member. 
These  members  are  shown  by  dashed 
lines  in  Fig.  200  (o).  The  loads 
applied  to  the  windward  side  of  the 
building  are  considered  as  acting  at 
the  joints  of  the  auxiliary  framework, 
as  shown  in  Fig.  (a).  With  the  auxil- 
iary framework  in  place,  it  is  possible 
to  draw  the  stress  diagrams  for  all 
joints.  Fig.  200  (b)  ehows  the  com- 
plete stress  diagram. 

The    stresses  for  the  columns,  as 
given   by    the    stress  diagram  of  Fig. 
(fa),  are  not  the  true  stresses  for  these 
members,     for     the    addition    of    the 
auxiliary     frames     has     effected     the 
stresses    in    the    columns;     all    other 
stresses    are    the    true    stresses  in  the 
members  in  question.      To  determine 
the  true    stresses   in    these    members, 
the  auxiliary  frames  must  be  removed 
and  the  column  stresses  redetermined, 
subject    to    conditions    which    will   be 
discussed    later.       Thus   for  the  wind- 
ward  column  it   can   be   seen   by    in- 
spection  that   as   soon    as    the   frame- 
work  is   removed,    the   stress   in    the 
lower  section  of  the  column  is  a  com- 
pression which  is  directly  equal  to  the  reaction  at  the  foot  of  the  column,  which  in   this  case  is  2340  lb.     Consider 
the  upper  portion  of  the  column.     It  is  quite  evident  that  the  stress  in  this  member  must  be  of  such  magnitude 
that  it  will  hold  in  equilibrium  the  stress  in  the  lower  portion  of  the  column  plus  the  vertical  component  of  the 
stress   in  the  windward   knee-brace,      The   desired   stress    can   be   determined    from    Fig.   (6)   by  locating  the 


^^so . 


Fig.  200.- 
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forces  mentioned  and  adding  them  graphically.  In  Fig.  200  (ft),  K-M  represents  the  reaction  at  the  foot  of 
the  column,  and  L-17  represents  the  stress  in  the  knee-brace.  If  these  forces  be  projected  on  a  vertical  line 
drawn  through  point  17,  we  have  as  the  sum  of  these  forces  the  component  K'-17,  which  represents  the  amount  of 
the  desired  stress  in  the  upper  portion  of  the  column;  the  stress  as  scaled  from  the  stress  diagram  is  50001b., 
and  the  kind  of  stress  is  compression.  Similar  methods  are  to  be  used  for  the  leeward  column.  As  before,  the 
stress  in  the  lower  portion  of  the  column  is  compression,  and  it  is  equal  to  the  reaction  at  the  foot  of  the  column. 
Since  the  stress  in  the  leeward  knee-brace  is  compression,  its  vertical  component  acts  downward.  Therefore 
the  stress  in  the  upper  portion  of  the  column  must  balance  the  difference  between  the  stress  in  the  lower  portion 
of  the  column  and  the  vertical  component  of  the  stress  in  the  knee-brace.  The  desired  stress  can  be  determined 
from  Fig.  200  (6).  The  force  L-N  represents  the  reaction  at  the  foot  of  the  column,  and  L-H  represents  the  stress 
in  the  leeward  knee-brace.  If  these  forces  be  projected  on  a  vertical  line  through  point  14,  the  required  difference 
in  stress  components  will  be  represented  by  the  force  N'-14.  The  required  stress  scales  3700  lb.,  and  the  kind  of 
stress  is  tension. 

On  comparing  the  two  methods  given  above,  it  will  be  found  that  the  construction  of  the 
auxiliary  frames  required  by  the  second  method  involves  less  time  and  is  a  simpler  process  than 
the  calculation  of  the  external  forces  required  for  the  first  method.  The  stress  diagrams  con- 
structed for  the  two  methods  lead  to  exactly  the  same  results,  if  the  operations  are  correctly 
performed.  However,  it  will  be  found  that  the  stress  diagram  for  the  first  method  can  be  more 
accurately  constructed  than  the  one  for  the  second  method.  This  is  partly  due  to  the  fact  that 
the  stress  diagram  of  the  first  method  contains  four  less  joints  than  the  one  for  the  second 
method,  and  also  to  the  fact  that  it  is  difficult  to  arrange  an  auxiliary  framework  which 
will  provide  gOod  intersections  for  the  lines  of  action  of  the  resulting  stresses.  Again,  the 
stresses  in  the  columns  are  given  directly  by  the  stress  diagram  for  the  first  method,  but, 
from  the  discussion  given  above,  it  can  be  seen  that  the  determination  of  the  column  stresses 
by  the  second  method  requires  considerable  care  and  study.  Everything  considered,  the 
first  method  of  calculation,  as  shown  in  Fig.  199,  is  preferable,  and  it  is  recommended  as  the 
best  method  of  stress  determination  for  problems  of  the  nature  here  considered. 

163.  Conditions  for  the  Design  of  a  Knee-braced  Bent. — To  illustrate  the  principles  of 
design  for  a  knee-braced  bent,  a  truss  of  the  span  length  and  type  designed  in  the  preceding 
chapter  will  be  placed  on  columns  and  provided  with  knee-braces.  The  columns  will  be  made 
20  ft.  high,  and  the  knee-brace  aWU  intersect  the  column  at  a  point  5  ft.  below  the  top  of  the 
column.  Fig.  197  shows  the  structure  thus  formed.  The  distance  between  the  trusses  will 
be  taken  as  15  ft.,  and  the  roof  covering  will  be  made  the  same  as  used  in  the  design  of  the 
preceding  chapter.  In  this  way  much  of  the  material  of  the  preceding  design  can  be  used  for 
the  structure  under  consideration.  It  is  not  probable  that  a  shingle  roof  would  be  used  in 
practice  for  a  structure  of  this  type.  A  corrugated  steel  or  a  slate  or  tile  is  a  more  practical 
type  of  roofing.  However,  the  general  principles  of  design  are  the  same  for  all  cases,  and  the 
discussion  given  in  this  chapter  can  readily  be  modified  for  any  type  of  roof  covering. 

Loadings  and  working  stresses  will  be  the  same  as  given  in  Arts.  148  and  150  of  the  pre- 
ceding chapter,  with  the  exception  of  the  dead  load  of  the  trusses,  which  will  be  determined  by 
the  Ketchum  formula  given  in  the  chapter  on  Roof  Trusses — General  Design.  This  formula  is 
w  =  P/45  (1  +  L/5\/A),  where  P  =  capacity  of  truss,  which  will  be  taken  as  40  lb.  per  sq.  ft. 
of  horizontal  covered  area;  L  =  span  in  feet;  A  =  distance  between  trusses,  which  will  be  15 
ft. ;  and  w  =  weight  of  truss  per  sq.  ft.  of  horizontal  covered  area.  With  the  above  values, 
w  =3.18  lb.  To  allow  for  that  part  of  the  bracing  carried  by  the  trusses,  this  weight  will  be 
increased  to  4.25  lb.  per  sq.  ft.  of  horizontal  covered  area.  The  snow  load  will  be  taken  20  lb. 
per  sq.  ft.  of  roof  surface,  and  the  wind  loads  on  the  sides  and  the  roof  will  be  based  on  a  unit 
pressure  of  30  lb.  per  sq.  ft.  on  a  vertical  surface.  This  unit  pressure  will  provide  for  all  pos- 
sible wind  stress  conditions  for  a  structure  in  an  exposed  position.  If  the  structure  is  in  a 
sheltered  location,  a  unit  pressure  of  15  or  20  lb.  per  sq.  ft.  would  be  sufficient.  The  wind  pres- 
sure will  be  assumed  to  act  normal  to  the  roof  surface  and  perpendicular  to  the  ddes  of  the 
building. 

Working  stresses  for  steel  in  tension  will  be  16,000  lb.  per  sq.  in.  on  the  net  section  of  the 
member.  For  compression  the  working  stress  will  be  given  by  the  formula  16,000  —  70l/r, 
where  I  =  greatest  unsupported  length  of  member,  and  r  —  least  radius  of  gyration  of  the 
section.     Gross  areas  are  used,  and  l/r  is  limited  to  125  for  main  members  and  to  50  for  bracing. 
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Corresponding  working  stresses  for  wind  loadings  will  be  based  on  24,000  lb.  per  sq.  in.,  as  in 
the  preceding  chapter.  Rivet  values  for  shop  rivets  are  to  be  based  on  an  allowable 
shearing  value  of  10,000  lb.  per  sq.  in.,  and  an  allowable  bearing  value  of  20,000  lb.  per  sq. 
in. ;  corresponding  values  for  field  rivets  are  7500  lb.  for  shear  and  15,000  for  bearing.  Rivets 
%  in.  in  diameter  will  be  used.     The  minimum  thickness  of  material  will  be  }i  in. 

Members  and  connections  subjected  to  a  reversal  of  stress  will  be  designed  for  each  kind  of 
stress.  This  assumption  is  reasonable,  for  the  reversal  in  stress  is  due  to  a  change  in  the  direc- 
tion of  the  wind.  This  can  not  occur  suddenly,  so  that  there  will  be  a  time  interv^al  between 
the  two  kinds  of  stress. 

As  stated  in  Art.  162,  there  is  considerable  uncertainty  regarding  the  exact  conditions  at  the  bases  of  the  col- 
umns. In  many  cases  it  is  assumed  that  the  point  of  inflection,  shown  in  Figs.  197  and  198,  is  located  half  way  be- 
tween the  base  of  the  column  and  the  foot  of  the  knee-brace.  This  assumption  requires  rigid  connections  between 
the  column  and  the  knee-brace  and  a  rigid  connection  between  the  column  and  the  truss.  Also,  the  base  of  the 
column  must  be  rigidly  attached  to  the  foundations,  which  must  be  immovable.  All  of  these  conditions  must  be 
realized  before  the  above  assumption  can  be  made.  As  it  is  practically  impossible  to  secure  all  of  these  con- 
ditions, it  does  not  seem  advisable  to  assume  that  fixed  end  conditions  exist.  However,  the  end  detail  of  the  base 
of  the  column,  as  shown  in  Fig.  202,  is  so  arranged  that  it  is  probable  that  the  assumption  of  hinged  ends  is  not 
justified,  as  the  base  is  flat,  and  is  fixed  to  some  extent  by  the  dead  load.  It  therefore  seems  best  to  assume  that 
the  base  is  partially  fixed,  and  that  the  point  of  inflection  is  somewhat  below  the  mid-point  of  the  column.  In 
an  excellent  article  on  Wind  Stresses  in  Steel  Mill  Buildings,'  R.  Fleming  recommends  that  the  point  of  inflection 
be  taken  at  a  point  one-third  of  the  distance  between  the  foot  of  the  column  and  the  knee-brace.  This  recom- 
mendation has  been  followed  in  the  solution  of  the  problem  of  Art.  195,  and  will  be  adopted  for  the  design  to  be 
made. 

164.  Determination  of  Stresses  in  Members. — The  stresses  in  the  members  are  to  be 
determined  for  the  same  general  conditions  as  in  the  design  of  the  preceding  chapter.  In  this 
case,  however,  it  is  not  possible  to  use  an  equivalent  uniform  load  to  represent  the  effect  of 
_wind_and  snow  combined.  The  stresses  for  these  loadings  must  be  determined  separately  and 
combined  with  the  dead  load  for  the  following  conditions:  (a)  dead  load  and  snow  load;  (h) 
dead  load  and  wind  load;  (c)  dead  load,  minimum  (one-half)  snow  load,  and  maximum  wind 
load;  and,  (d)  dead  load,  maximum  snow  load,  and  minimum  (one-third)  wind  load.  In  mak- 
ing up  these  combinations,  the  greater  of  the  wind  stresses  given  in  cols.  4  or  6  of  Table  1  is  to 
fee  used.  This  will  provide  for  all  possible  conditions.  The  maximum  stress  determined  from 
these  combinations  is  to  be  used  in  the  design  of  the  member.  It  will  be  noted  that  con- 
dition (b)  often  results  in  a  reversal  of  stress  in  the  member. 

Since  the  adopted  roof  covering,  the  loading  conditions,  and  the  working  stresses  are  the  same  as  for  the 
design  of  the  preceding  chapter,  the  dead  panel  load  due  to  the  roof  covering  and  the  purlins  will  be  the  same  as 
given  in  Art.  153  of  the  preceding  chapter.  The  panel  load  due  to  the  roofing  is  then  945  lb.,  and  that  due  to  the 
purlin  is  146.3  lb.  As  given  above  in  Art.  163,  the  weight  of  the  truss  and  bracing  is  4.25  lb.  per  sq.  ft.  of  hori- 
zontal covered  area.  From  the  preceding  chapter,  the  horizontal  covered  area  per  panel  is  15  X  ^^s  =  93.75 
sq.  ft.  The  panel  load  due  to  the  weight  of  the  truss  is  then  93.75  X  4.25  =  398.4  lb.  The  total  dead  panel  load 
is  then  945.0  -f  146.3  +  398.4  =  1489.7  lb.;  a  load  of  1490  lb.  will  be  used  in  the  calculations  to  follow. 

In  the  calculation  of  the  stresses  in  the  members  of  the  knee-braced  bent  shown  in  Fig.  164,  it  is  the  usual 
practice  to  assume  that  the  knee-braces  are  not  stressed  bj'  the  action  of  vertical  loads.  This  assumption  is  not 
strictly  correct,  for  the  deflection  of  points  /  and  /'  is  resisted  by  the  knee-brace,  which  is  thus  subjected  to  a  small 
stress.  At  the  same  time,  a  small  bending  moment  is  set  up  in  the  column.  These  stresses  and  moments  are  so 
small  compared  to  the  other  stresses  and  moments  that  the  stresses  due  to  the  deflection  of  points  /  and  /'  can  be 
neglected.  This  is  equivalent  to  removing  the  knee-braces  and  calculating  the  stresses  in  the  remaining  mem- 
bers. The  stresses  can  then  be  determined  by  the  methods  used  in  Art.  153  of  the  preceding  chapter.  These 
stresses  are  given  in  col.  1  of  Table  1. 

The  panel  load  due  to  snow  will  be  the  same  as  for  the  preceding  design.  As  the  area  of  the  roof  panel  is  7 
X  15  =  105  sq.  ft.,  and  the  snow  load  is  20  lb.  per  sq.  ft.,  the  panel  load  is  20  X  105  =  2100  lb.  The  snow  load 
stresses  are  given  in  col.  2  of  Table  1.  These  stresses  can  be  calculated  from  the  dead  load  stresses  by  multiplying 
by  the  ratio  of  panel  loads,  which  in  this  case  is  2100/1490  =  1.41.  Since  the  conditions  are  the  same  as  for  the 
preceding  design,  the  stresses  in  this  case  can  be  taken  from  Table  1  of  Art.  153  of  the  preceding  chapter.  In  col. 
3  the  stresses  for  minimum,  or  one-half  snow  load,  are  given. 

The  wind  load  stresses  for  the  structure  under  consideration  have  been  worked  out  in  the  problem  given  in 
Art.  162.  As  stated  in  Art.  163,  the  unit  wind  pressure  is  to  be  taken  as  30  lb.  per  sq.  ft.  and  the  allowable  working 
stress  for  wind  loading  is  to  be  based  on  24,000  lb.  per  sq.  in.  Since  this  working  stress  is  ?2  that  allowed  for  dead 
and  snow  loads,  the  wind  pressure  can  be  reduced  by  >^,  which  gives  a  unit  pressure  of  20  lb.  per  sq.  ft.     A  uniform 

1  Eng.  News,  vol.  73,  No.  5,  p.  210,  Feb.  4,  1915. 
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allowable  working  stress  of  16,000  lb.  per  sq.  in.  can  then  be  used  for  all  loadings.  The  wind  pressure  on  the  side 
of  the  structure  will  be  taken  as  20  lb.  per  sq.  ft.,  and  that  on  the  roof  surface  will  be  taken  as  calculated  from  th 
Duchemin  formula  which  is  given  in  Art.  135.  As  the  slope  of  the  roof  surface  is  26  deg.  34  min.  and  the  unit  pree 
sure  is  20  lb.  per  sq.  ft.,  the  normal  wind  pressure  is  found  to  be  14.9  lb.  per  sq.  ft  of  roof  surface.  Since  a  com 
plete  solution  of  this  problem  is  given  in  Art.  162,  the  work  will  not  be  repeated. 

The  wind  stresses  in  the  members,  as  determined  in  Fig.  199  or  200  of  Art.  162,  are  given  in  cols.  4  and  5  o 
Table  1.  Minimum,  or  one-third  wind  stresses  are  given  in  cols.  6  and  7.  Table  1  also  gives  the  values  of  th 
moments  at  the  foot  of  the  knee-braces.  These  moments  are  calculated  from  eq.  (4)  of  Art.  162.  For  point 
of  the  windward  column,  it  can  be  seen  from  Figs.  197  and  198(a)  that  the  moment  is  (3650  -  1500)  X  10  =21, .50' 
ft.-lb.,  and  for  the  leeward  column,  the  moment  at  point  I'  is  3650  X  10  =  36,500  ft. -lb.  Moments  at  the  bas 
of  the  column  are  also  given.  These  moments  are  equal  to  the  horizontal  component  of  the  reaction  multipliei 
by  the  distance  to  the  assumed  point  of  inflection. 

The  combined  stresses  for  the  combinations  of  cases  (a),  (6),  (c),  and  (d),  as  outlined  above,  are  given  in  cok 
8,  9,  10,  and  11  respectively.     In  col.  12  the  greatest  of  these  maximum  values  are  tabulated. 

165.  Design  of  Members  and  Columns. — The  general  principles  governing  the  design  o 
the  members  of  a  knee-braced  bent  are  the  same  as  those  used  in  the  design  of  the  precedinj 
chapter  Table  2  gives  all  data  required  for  the  design.  In  the  truss  under  consideration,  : 
few  of  the  members  are  subjected  to  a  reversal  of  stress.  Such  members  are  to  be  designed  t< 
carry  each  of  these  stresses.  The  section  will  therefore  be  determined  for  the  stress  whicl 
requires  the  greater  area.  One  member,  g-h,  is  subjected  to  a  small  compression  under  certaii 
conditions.  The  area  reqmred  is  determined  by  the  tension  in  the  member.  However,  sinC' 
the  member  is  likely  to  be  called  upon  to  carry  compression,  the  limiting  l/r  conditions  mus 
be  met,  which  will  probably  determine  the  make-up  of  the  section.  Where  a  member  is  sub 
jected  to  a  large  compression  and  a  smaller  tension,  the  compression  area  determines  thi 
required  section.  It  is  necessary,  however,  to  examine  the  net  area,  in  order  to  make  certaii 
that  proper  provision  has  been  made  for  the  tensile  stress.  The  detailed  design  of  a  few  of  thi 
members  will  now  be  taken  up,  and  new  points  involved  in  the  design  will  be  discussed. 

Member  l~f,  the  knee-brace,  is  subjected  to  a  tension  of  4950  lb.,  and  to  a  compression  of  13,000  lb.;  thelengti 
of  the  member  is  111.5  in.  Try  two  3>2  X  3  X  ^ig-in.  angles,  placed  with  the  3J-2-in.  legs  separated  by  a  Js'-in 
space.  The  least  radius  of  gyration  of  these  angles  is  1.10  in.;  the  slenderness  ratio  is  l/r  =  111.5/1.10  =  lOl.S 
the  allowable  working  stress  in  compression  is  8900  lb.  per  sq.  in.;  and  the  area  required  is  13,000/8900  =  1.46  sq 
in.     Since  the  working  stress  in  tension  is  16,000  lb.  per  sq.  in.,  the  net  area  required  for  the  tension  is  4950/16,00" 

=  0.309  sq.  in.  The  gross  area  of  the  assumed  angle 
is  3.86  sq.  in.,  and  the  net  area,  deducting  one  rive 
hole  from  each  angle,  is  3.32  sq.  in.  These  areas  an 
considerably  in  excess  of  the  required  areas,  but  thi 
value  of  the  ratio  l/r  for  the  assumed  angles  is  101.5 
which  is  close  to  the  maximum  allowable.  The  sec 
tion  must  therefore  be  used. 

Member  g-h  is  subjected  to  a  tension  of  10,20( 
lb.,  or  to  a  compression  of  1370  lb.  The  area  re- 
quired for  tension,  which  is  10,200/16,000  =  0.63f 
sq.  in.,  will  determine  the  design,  but  the  membei 
selected  must  conform  to  the  limiting  slenderness 
ratio  conditions  required  for  compression  members 
In  this  case  it  will  be  found  that  a  section  made  up  o) 
the  minimum  angles  will  answer  all  requirements. 
Assume  two  2^2  X  2  X  3'4-in.  angles,  the  minimum 
0.78  in.  For  a  length  of  member  of  94  in.,  we  find  that  l/r  =  94/0  78  = 
120.5,  a  value  slightly  less  than  the  maximum  allowable,  but  acceptable  in  this  case.  The  net  area  of  the  assumed 
angles,  deducting  one  rivet  hole  from  each  angle,  is  1.68  sq.  in.  Although  the  ar?a  provided  is  somewhat  in  excess 
of  that  required,  the  section  must  be  used  in  order  to  answer  the  l/r  conditions. 

The  design  of  the  column  and  its  base  presents  some  new  problems,  w'hich  w^ill  be  discussed 
in  detail.  As  stated  in  Art.  163,  the  columns  are  three-force  pieces,  which  are  to  be  designed  for 
moment,  shear,  and  direct  stress.  From  Fig.  196  (a)  and  Table  1,  it  can  be  seen  that  the  maxi- 
mum moment  conditions  occur  at  the  foot  of  the  leeward  knee-brace.  Fig.  201  shows  the  forces 
acting  on  the  column  for  two  conditions  of  loading.  Fig.  (a)  shows  the  combined  forces  due  to 
dead  load,  one-half  snow  load,  and  maximum  wind  load,  and  Fig.  (b)  shows  the  conditions 
for  dead  load,  snow  load,  and  one-third  wind  load.  Design  methods  similar  to  those  developed 
in  Art.  158  for  the  design  of  the  top  chord  will  be  used  for  the  design  of  the  columns.     The  area 
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f  the  section  will  be  determined  by  the  moment  and  the  direct  stress,  and  the  design  of  the 

etails,  such  as  the  lacing  and  the  riveting  of  the  main  angles,  will  be  determined  by  the  shear. 

he  area  of  the  section  will  be  determined  after  which  the  details  will  be  designed. 

The  loading  conditions  for  which  the  column  is  to  be  designed  are:  (a)  compression,  13,420 
;  moment  36,500  ft.-lb.;  shear,  3650  lb.;  and  {h)  compression  15,447  lb.;  moment,  12,167 
■lb.;  shear,  1217  lb.     In  this  case  it  will  be  best  to  assume  a  section,  and  then  compare  the 

ea  required  as  determined  from  eq.  (3)  of  Art.  158  of  the  preceding  chapter  with  the  area 

irnished  by  the  assumed  section. 

Assume  a  column  section  composed  of  four  angles  connected  by  lacing,  arranged  as  shown  in  Fig.  201  (c).  This 
Btion  must  be  made  quite  wide  in  the  plane  of  the  truss,  in  order  to  resist  the  bending  moments.  It  must  have  a 
dth  along  the  axis  A- A  such  that  the  allowable  ratio  l/r  =125  will  not  be  exceeded,  where  I  =  one-half  the  total 
ight  of  the  column.     This  is  founded  on  the  assumption  that  the  base  of  the  column  is  flat  and  that  it  is  rigidly 

Table  2. — Design  of  Members 
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fastened  to  the  foundations.  It  is  also  assumed  that  the  top  of  the  column  is  held  in  line  by  an  eave  strut,  as  show: 
in  Fig.  210.  If  these  conditions  are  not  realized  the  full  height  of  the  column  must  be  used.  On  the  above  ae 
sumption,  the  least  allowable  r  =  J-^  X  20  X  12/125  =  0.96  in.  Assume  four  3J.^  X  3  X  Ms-in.  angles  place- 
as  shown  in  Fig.  201  (c).  The  radius  of  gyration  for  the  axis  A-A  is  found  to  be  5.53  in.,  and  that  for  the  axis  B-l 
is  1.66  in.  From  eq.  (3),  Art.  158  of  the  preceding  chapter,  using  the  loadings  given  above,  dimensions  as  given  o 
Fig.  201(c),  and  fc  =  16,000  -  70  l/r  =  16,000  -  70  X  15  X  12/5.53  =  13,720  lb.. 


Case  (a) 


Case  (6) 


A  = 


A  = 


13,420     ,    36,500  X  12  X  6.25 


13,720 

15,447 
13,720 


+ 


+ 


16,000  X  5.532 

12,167  X  12  X  6.25 
16,000  X  5.532 


=  0.98  +  5.60  =  6.58  sq.  in. 


1.13  +  1.87  =  3.00  sq.  in. 


ti'j(i'Lacingixii 


The  section  must  also  be  investigated  for  column  action  in  the  plane  of  the  axis  jl-.i4.  Since  r  =  1.66  in.,  and  i  = 
20  ft.  =  240  in.,  /„  =  16,000  -  70  X  240/1.66  =  5880  lb.  per  sq.  in.,  and  the  area  required  =  15,447/5,.5S0  = 
2.63  sq.  in.  The  section  is  therefore  ample,  as  the  area  provided  is  4  X  1.93  =  7.72  sq.  in.  As  the  assumed  8« 
tion  answers  all  conditions,  it  will  be  adopted. 

The  arrangement  of  the  lacing,  or  other  connection,  between  the  angles  composing  the  column  section,  wi 
depend  upon  the  amount  of  shear  to  be  carried.  As  shown  in  Fig.  201  (a),  the  maximum  shear  to  be  carried  on  th 
portion  of  the  column  below  the  knee-brace  is  3650  lb.,  and  above  the  knee-brace,  the  shear  is  7300  lb.  Assubc 
that  single  lacing  of  the  form  shown  in  Fig.  202  (a)  is  to  be  used.  Below  the  knee-brace,  where  the  shear  is  365 
lb.,  the  stress  on  a  lacing  bar  is  3650  X  sec.  45°  =  5170  lb.  The  rivets  will  be  shop  rivets  in  bearing.  In  order  1 
meet  the  requirements  for  bearing,  the  lacing  bar  must  be  ?^  in.  thick;  the  rivet  value  will  then  be  5625  lb.,  whic 
is  satisfactory. 

The  size  of  the  lacing  bar  is  determined  by  its  strength  as  a  column  and  as  a  tension  member.     Since  the  bi 
is  held  rigidly  between  the  angles,  the  unsupported  length,  I,  may  be  taken  as  half  of  the  total  length,  or,  as  show 
in  Fig.  202  (a),  i  =  H  X  9  X  sec.  45°  =  6.36  in.     Assuming  the  lacing  bar  to  be  a  2>^  X  ?^-in.  section,  the  lea.  [ 
radius  of  gyration  is  r  =  <i/12  =  0.289  d  =  0.108  in.,  and  l/r  =  58.8.     The  allowable  working  stress  is  16,0(  | 

-  70  X  58.8  =  11,780  lb.  per  sq.  in.,  ar  j 
the  area  required  is  5710/11,780  =  0.49  s.  | 
in.  The  assumed  section  provides  2  X  0.3< 
=  0.75  sq.  in.  For  a  working  stress  of  16,0( 
lb.  per  sq.  in.  in  tension,  the  area  required 
5710/16,000  =  0.258  sq.  in.  Deducting  01 
rivet  hole  from  the  area  of  the  section,  tl 
net  area  is  0.75  -  0.33  =  0.42  sq.  in.  Sin. 
S'/Si'xg'Anghs  ^jjg  assumed  section  is  standard  it  will  1 
adopted,  although  it  is  a  little  larger  thi 
required. 

The  stress  in  the  lacing  bars  above  tl 
knee-brace  will  be  7300  X  see.  45°  =  10,34 
lb.  Two  rivets  will  be  required  in  the  end 
each  lacing  bar,  as  shown  in  Fig.  202  (6).  1 
some  cases  a  plate  is  used  in  place  of  tl 
lacing  bars.  This  is  often  done  when  mo 
than  one  rivet  is  required  in  the  end  of  eat- 
bar.  Fig.  (c)  shows  an  arrangement  of  th 
kind.  The  plate  is  to  be  connected  to  tl 
angles  at  intervals  determined  from  the  co: 
ditions  shown  in  Fig.  (c),  where  \  —  she; 
on  the  section,  which  is  7300  lb.;  r  =  riv' 
value;  and  x  =  distance  between  rivet 
Taking  moments  about  a  rivet,  we  have  rh  ■ 
Vx,  from  which,  x  =  rh/V .  Assuming  a  %-\a.  plate,  the  rivets  will  be  in  bearing  and  will  have  a  value  of  56S  J|'* 
lb.  per  rivet.  Substituting  these  values  in  the  above  equation,  x  =  5625  X  9.0/7300  =  6.93  in.  In  practice 
spacing  of  about  4.5  in.  would  be  used.  Where  the  detail  shown  in  Fig.  (d)  is  used,  the  web  plate  and  the  gusB» 
plate  should  be  connected  as  shown.  As  the  web  plate  is  assumed  to  carry  shear  only,  two  rows  of  rivets  in  tl 
splice  are  sufficient.  If  the  splice  is  to  be  designed  for  moment  as  well  for  shear,  the  principles  given  in  tl 
chapter  on  Splices  and  Connections — Steel  Members  must  be  used. 


i'fTa/e 


^i'Soleplafi 
■Ancfxr  bolts 


Fig.  202. 


Fig.  202  (e)  shows  a  common  detail  for  the  base  of  a  column  where  fixed  or  partialh"  fixed  en 
conditions  are  assumed.  A  sole  plate,  generally  about  %  in.  thick,  is  riveted  to  angles  fastene 
to  the  main  angles  of  the  column.  Anchor  bolts  imbedded  in  the  concrete  or  masonry  foundi 
tions  are  placed  between  pairs  of  anchor  angles.  These  bolts  are  tightened  up  against  plal 
washers  resting  on  top  of  the  anchor  angles.  The  anchor  bolts  are  placed  in  the  plane  of  th 
moment  to  be  resisted.  If  the  stresses  are  small,  one  bolt  on  each  side  of  the  base  of  the  colum 
is  sufficient,  but  where  large  stresses  are  to  be  resisted,  two  bolts  are  used  on  each  side. 
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The  conditions  for  which  anchor  bolts  are  usually  designed  are  shown  in  Fig.  203.  Forces  Pand  i/ are  deter- 
mined from  Fig.  196  (e),  which  shows  the  portion  of  the  column  below  the  assumed  point  of  inflection.  The  deflec- 
tion A  is  so  small  compared  to  the  other  distances  that  it  can  be  neglected.  As  shown  in  Fig.  203,  the  forces  tend 
to  tip  the  column  about  point  A.     Taking  moments  about  j1 

Mo  =  Hh  —  Pd/2,  where  Mo  =  overturning  moment. 

Anchor  bolts  are  usually  designed  on  the  assumption  that  they  resist  all  of  the  overturning  moment.  If  f  = 
distance  from  point  A  to  the  anchor  bolt, 

Stress  in  anchor  bolt  =  Mo/t  (1) 

In  some  cases  t  is  taken  as  the  distance  between  anchor  bolts.  No  calculation  of  the  compressive  stress  in  the 
Boncrete  or  masonry  under  the  base  is  made  in  this  method.  It  is  assumed  that  if  the  compressive  stresses  found 
by  dividing  the  load  to  be  carried  by  the  area  of  the  base  is  kept  small,  the  added  stresses  due  to  overturning  will 
not  exceed  allowable  limits. 


ff 


ffifflnMii  (d) 


Fig.  204  (a)  shows  the  lower  portion  of 
the  column  with  forces  in  position  as  de- 
termined from  Fig.  196  (e).  The  action  of 
these  forces  on  the  base  of  the  column  can 
be  represented  b.v  a  moment  M  and  a  force 
as  shown  in  Fig.  204  (6).  These  can  be 
•epresented  by  the  load  P  placed  at  a  dis- 
lance  e  from  the  center  of  the  base,  where 

e  =  M/P  (2) 

The  stresses  on  the  base  can  be  divided  into 
;wo  parts;  one  part  due  to  the  effect  of  P, 
md  the  other  due  to  M.  These  stresses  are 
hown  in  Figs,  (d)  and  (e)  respectively.  The 
■esultant  stress  on  the  base  is  the  sum  of 
;hese  stresses,  and  is  given  by  the  expression 


(0) 


In  Fig.  204  there  is  shown  the  conditions  for  an  approximate  analysis  of  the  stresses  in  the 
anchor  bolts  and  the  compression  on  the  foundations.  The  general  principles  upon  which  the 
method  is  based  and  the  assumptions 
made  are  similar  to  those  used  in 
determining  the  bearing  pressures  on 
the  base  of  a  retaining  wall,  as  given 
in  the  chapter  on  Retaining  Walls. 
In  the  case  under  consideration  the 

dditional  assumption  is  made  that 
when     the    overturning    moment    is 

uch  as  to  cause  tension  on  any  part 
of  the  base,  that  tension  is  taken  up 
by  the  anchor  bolts. 


Pa  6e\  'Tt^"^  Anchor  bolt 
Tension 


bd 


Efi4.6e\ 


(f> 


Fia.  204. 


V  =  P/hd  (1  +  Qe/d) 


(3) 


where  the  several  terms  have  the  values  shown  in  Fig.  204. 

It  can  be  shown  that  if  e,  as  given  by  eq.  (2),  is  less  than  d/G,  the  stresses  across  the  base  are  entirely  com- 
ression,  as  shown  in  Fig.  (/),  and  where  e  is  greater  than  d/6,  tension  exists  on  a  part  of  the  section,  as  shown  in 
Fig.  (ff).  From  similar  triangles  in  Fig.  (o)  it  can  be  shown  that  the  portion  of  the  base  covered  by  the  compressive 
stresses  is 


12 


The  unit  compressive  stress  on  the  foundations  is  given  directly  by  eq.  (3).  To  determine  the  total  tension  in  the 
mchor  bolts,  assume  the  total  tension  is  taken  by  the  anchor  bolt.  This  tension,  T,  is  represented  by  the  volume 
)f  the  tension  stress  diagram,  which  is 


1 


XW-x)(,=  f^(65^    -   ^Yd--) 


T  = 


pd   /6e 


(5) 


24e\d  J 

For  the  case  under  consideration,  it  will  be  found  from  Table  1  and  from  Fig.  198  that  P  =  13,420  lb.  and  M  ■= 
3650  X  5  =  18,250  ft.-lb.  =  219,000  in.-lb.     These  values  occur  in  the  leeward  column. 

The  details  of  the  column  base  are  shown  in  Fig.  202.     For  a  column  section  of  the  dimensions  shown  in  Fig, 
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201,  a  sole  plate  9  in.  wide  and  20  in.  long  will  be  required.     These  dimensions  will  be  assumed  for  a  trial  section. 
From  eq.  (2),  e  =  219,000/13,420  =  16.3  in.;  and  from  eq.  (4),  with  6  =  9  in.,  and  d  =  20  in., 

^^-      20'         /l    ,     6  X  16.3N 
12  X  16.3V     ^  20 

The  maximum  compressive  stress  on  the  foundation  is  given  by  eq.  (3)  as 
P/.     ,     6e\       13,420/,     ,     6  X  16.3> 


')  = 


12.05  in. 


bd\     ^     d)      9X20V     ^ 


-  j  =  442  lb.  per  sq.  in. 


9X20V"    '  20 

Assuming  a  concrete  foundation,  this  fiber  stress  is  allowable,  for  the  working  compressive  stress  in  concrete  ia 
usually  given  as  650  lb.  per  sq.  in.     The  stress  in  the  anchor  bolt  is  given  by  eq.  (5)  as 
Pd/Ge    _     n2^   13.420  X  20/6  Xl6.3 
Ad  )  24  X  16.3   V. 


T  = 


)=10, 


480  1b. 


Fig.  205. 


24e\d  /  24  X  16.3   V.      20 

Since  there  is  considerable  initial  tension  in  the  anchor  bolts  due  to  the  fact  that  they  are  screwed  up  tight 
when  the  structure  is  erected,  and  since  the  overturning  of  the  column  tends  to  add  to  the  initial  tension,  it  is  best 
to  specify  low  working  stresses  for  anchor  bolts.  An  allowable  stress  of  10,000  lb.  per  sq.  in.  will  therefore  be 
used.  The  required  area  of  anchor  bolt  is  then  10,480/10,000  =  1.05  sq.  in.  From  the  handbooks  a  IJ^g-in.  round 
rod  provides  an  area  of  1.054  sq.  in.  at  the  root  of  thread. 

Anchor  bolts  should  be  imbedded  in  the  concrete  to  a  depth  such  that  the  bond  stre.ss 
developed  will  equal  the  strength  of  the  bolt.  In  this  case  20 
diameters  of  the  bolt,  or  27i-^  in.,  will  be  required.  If  a  plate  is 
used  connecting  the  ends  of  the  bolts,  as  shown  in  Fig.  210,  the  im- 
bedment  need  not  be  as  great  as  calculated  above.  All  details  of 
the  column  base  and  anchorage  are  shown  on  the  general  drawing 
of  Fig.  210. 

The  method  of  analysis  given  above,  while  not  exact,  is  accurate 
enough  for  all  practical  purposes.  A  more  exact  analj^sis  can  be 
made  by  taking  into  account  the  relative  deformations  of  the  steel 
anchor  bolt  and  the  masonry  foundation.  If  the  foundation  is  made 
of  concrete,  the  methods  of  analysis  given  for  Bending  and  Direct 
Stress  in  Sect.  1  can  be  used.  By  this  method  the  stresses  in  the 
concrete  will  be  found  to  be  a  little  greater  than  those  given  above, 
and  the  stress  in  the  anchor  bolt  will  be  slightly  less  than  before. 

—  The  foundations  for  the  columns  are  designed  by  the  methods  given  in  the  chapter  on 
Retaining  Walls.  The  total  moment  to  be  carried  at  the  base  of  the  foundation  is  H{h  +  d) 
as  shown  in  Fig.  205.  Maximum  pressures  on  the  soil  can  be  determined  by  the  same  principles 
as  explained  above  for  the  case  shown  in  Fig.  204.  Eq.  (3)  will  give  the  desired  pressures.  By 
trial  the  width  of  base  can  be  made  of  the  width  required  to  give  the  desired  stresses. 

166.  Design  of  Joints. — The  principles  governing  the 
design  of  the  joints  are  the  same  as  used  in  the  preceding 
chapter.  Field  splices  will  be  provided  at  joints  g  and  e  of 
Fig.  197.  The  columns  will  be  field  spliced  to  the  truss  at 
joint  a,  and  the  knee-brace  will  be  field  spliced  at  both 
ends.  Field  splices  will  also  be  placed  at  corresponding 
points  on  the  right-hand  side  of  the  truss.  From  the 
shearing  and  bearing  values  given  in  Art.  163,  the  single 
shear  value  of  a  shop  rivet  is  4420  lb.,  and  the  bearing 
value  on  a  ?^-in.  plate  is  5625  lb.  Corresponding  values 
for  field  rivets  are  3310  and  4420  lb.,  respectively.  Where 
a  member  is  subjected  to  tension  and  compression,  the  con- 
necting rivets  are  to  be  determined  for  the  greater  stress. 

All  joints  will  be  practically  the  same  as  for  the  truss 
designed  in  the  preceding  chapter,  except  joints  /  and  a.  At  joint  /  the  knee-brace  must  be 
connected  to  the  gusset  plate.  As  a  field  splice  is  to  be  provided  and  since  the  rivets  are  in 
bearing  on  a  M-in.  plate,  the  rivet  value  is  4220  lb.  The  maximum  stress  in  the  knee- 
brace  is  13,000  lb.  compression,  and  13,000/4-120  =  3.08  rivets  are  required;  three  will  I  e 
used.  To  provide  for  these  rivets  the  gusset  plate  at  /  will  be  enlarged,  as  shown  on  tlie 
general  drawing,  Fig.  210. 


Fig.   206. 
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Fig.  207. 


Fig.  206  shows  the  conditions  at  joint  a.  Members  a-b  and  a-f  are  connected  by  shop 
rivets,  and  the  cohimn  is  connected  by  field  rivets.  From  Table  1,  the  maximum  stress  in  the 
upper  end  of  the  column  is  16,030  11).  Hence  16,030/4420  =  4  rivets  are  required.  Fig.  206 
shows  6  in  place. 

The  conditions  at  the  foot  of  the  knee-brace,  where  it  is  connected  to  the  column,  are  shown  in  Fig.  207.  Three 
field  rivets  are  required  in  the  end  of  the  knee-brace,  the  same  number  as  calculated  for  this  member  at  joint  /. 
Two  forms  of  connections  to  the  column  are  shown  in  Fig.  207.  In  Fig.  (o)  is  shown  a  form  used  when  the  column 
is  laced  above  and  below  the  knee-brace.  Extra  rivets 
are  used  in  the  connection  between  the  gusset  plate  and 
the  column  in  order  to  secure  a  central  connection  for 
the  knee-brace,  thus  avoiding  excess  stresses  due  to 
eccentric  moments. 

Fig.  207  (6)  shows  a  detail  in  which  a  plate  is  used 
above  the  knee-brace  because  of  heavy  shears  which  can- 
not be  provided  for  by  means  of  lacing.  In  this  detail 
the  knee-brace  is  connected  to  the  column  by  means  of 
pair  of  short  angles  riveted  to  the  column  angles. 
When  the  knee-brace  is  in  tension,  these  rivets  are  sub- 
jected to  a  direct  pull,  and  are  in  tension.  From  Table 
1,  the  maximum  tension  in  the  knee-brace  is  4950  lb.  As 
shown,  8  rivets  are  provided  to  take  the  component  of 
the  tension  perpendicular  to  the  column,  which  is  4950  X 

94/111.5  =  4160  lb.     The  direct  tension  on  each  rivet  is  4160/8  =  520  lb.,  which  can  safely  be  carried  by  the  rivets. 
Where  large  stresses  in  tension  are  to  be  carried  by  the  rivets,  turned  bolts  should  be  substituted  for  the  rivets 

Fig.  202  (d)  shows  another  detail  for  this  joint.  It  is  a  combination  of  the  forms  shown  in  Figs.  202  (o)  and 
(6)  As  shown  in  Fig.  202  (rf)  the  gusset  plate  and  the  web  plate  are  connected  by  a  small  plate,  by  means  of  which 
the  shear  is  transmitted  across  the  joint.  Where  a  web  plate  is  used  in  Fig.  206  in  place  of  lacing,  a  similar  plate 
must  be  provided.  In  the  case  under  consideration,  the  web  plate  is  supposed  to  provide  only  for  the  shearing  stres- 
ses. For  large  columns  the  web  plate  is  often  designed  to  carry  moment  as  well  as  shear.  The  connection  between 
web  and  gusset  plate  must  then  be  designed  for  shear  and  moment,  as  explained  in  the  chapter  on  Splices  and 
Connections — Steel  Members. 

167.  Design  of  Girts.— It  will  be  assumed  that  the  sides  and  ends  of  the  building  are  to  be 
covered  with  corrugated  steel  backed  with  a  suitable  anti-condensation  lining.  The  siding 
will  be  spported  by  girts  composed  of  rolled  sections.  As  stated  in  Art.  163,  the  unit  wind 
pressure  will  be  taken  as  20  lb.  per  sq.  ft.,  and  the  working  stress  in  the  girts  will  be  16,000  lb. 
per  sq.  in. 

The  principles  governing  the  design  of  the  girts  are  similar  to  those  given  for  the  design  of 
purlins  in  the  chapter  on  Design  of  Purlins  for  Sloping  Roofs  in  Sect.  2.  The  girts  are  to  be 
designed  for  a  vertical  load  due  to  the  weight  of  the  girt  and  the  siding  and  its  lining,  and  a 
horizontal  load  due  to  the  wind  pressure.  Corrugated  steel  of  No.  24  gage  will  be  used  for  the 
siding.  From  the  data  given  in  the  chapter  on  Roof  Trusses — General  Design,  the  siding  weighs 
1.3  lb.  per  sq.  ft.,  and  the  allowable  safe  span  is  4.5  ft.  It  will  be  convenient  in  this  case  to 
divide  the  height  of  the  building  into  six  spaces,  placing  the  girts  ^%  =  3  ft.  4  in.  apart.  On 
the  sides  of  the  building  the  columns  are  spaced  15  ft.  apart,  and  the  wall  area  carried  by  each 
girt  is  15  X  3  J^  =50  sq.  ft.  Assuming  that  the  anti-condensation  lining  is  composed  of  two 
layers  of  He-in-  asbestos  paper  and  two  layers  of  tar  paper  backed  by  poultry  netting,  all  of 
which  weighs  about  1.3  lb.  per  sq.  ft.,  the  weight  of  siding  and  lining  is  1.3  +  1.3  =  2.6  lb.  per 
sq.  ft.,  and  the  total  load  per  foot  of  girt  is  2.6  X  3.33  =  8.66  lb.  The  wind  load  per  foot  of 
girt  is  20  X  3.33  =  66.7  lb. 

As  shown  in  the  chapter  on  Roof  Trusses — General  Design  and  in  Fig.  210,  girts  are  often 
made  from  channel  sections  placed  with  the  web  perpendicular  to  the  siding,  and  they  are  at- 
tached to  the  columns  by  rivets  in  the  flanges  of  the  channel.  When  so  placed,  the  discussion 
given  in  the  chapter  on  Unsymmetrical  Bending  in  Sect.  1  shows  that  the  channel  presents  its 
axis  of  least  moment  carrying  capacity  to  the  action  of  the  vertical  loads.  To  relieve  the  heavy 
bending  stresses  thus  induced,  tie  rods  can  be  used  extending  vertically  to  the  eave  strut,  or 
running  diagonally  from  the  top  girt  to  the  upper  ends  of  the  columns.  It  is  not  always 
possible  to  use  tie  rods  due  to  interference  with  openings  in  the  walls  for  doors  and  windows. 
When  tie  rods  are  used  it  is  reasonable  to  assume  that  the  girt  takes  the  horizontal  load,  and  that 
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the  tie  rods  provide  for  the  vertical  loads.     Two  designs  will  be  made,  one  with  tie  rods,  and 
the  other  without  tie  rods,  assuming  the  girt  to  be  a  beam  under  unsymmetrical  loading. 

Assuming  that  tie  rods  are  used,  and  that  the  girt  takes  only  the  horizontal  wind  pressure,  the  total  uniformly 
distributed  load  to  be  carried  by  a  girt  is  50  X  20  =  1000  lb.  The  moment  to  be  carried,  assuming  simple  beam 
conditions,  is  M  =  H  Wl  =  1000  X  15  X  i?s  =  22,500  in.-lb.  For  a  working  stress  of  16,000  lb.  per  sq.  in  . 
the  section  modulus  required  is  I/c  =  M/f  =  22,500/16,000  =  1.41  in. a  If  the  least  width  of  the  section  be  limited 
to  1-4  0  of  the  span  in  order  to  avoid  excessive  deflection,  the  minimum  allowable  girt  section  is  a  5-in.  6.5-lb.  channel 
section.  The  size  of  the  tie  rod  can  be  determined  by  the  methods  given  in  the  chapter  on  Design  of  Purlins  for 
Sloping  Roofs  in  Sect.  2. 

Consider  now  the  case  where  tie  rods  are  not  used  and  the  girt  is  subjected  to  unsymmetrical  bending.  Assume 
a  6-in.,  8-lb.  channel  section  as  a  girt.     The  total  vertical  weight  of  siding,  lining,  and  girt  is  then  8.66+  8.00    = 

16.66   lb.    per   foot   for   each   girt.     As  given 

it,' ■ 


66J/jb 
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Forve  Diagram 
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above,  the  horizontal   wind    load  per  foot  of 
girt  is  66.7  lb.     The  resultant  of  these  loads, 
-^  as  shown  by  the  force  diagram  of  Fig.  208,  is 

-^/  ^    r-^   ,  ^^-^  ^^-     '^'^o   cases   will   be   considered,   (o) 

moment  due  to  resultant  load  of  69.0  lb.  per 
ft.  of  girt,  and  (6)  moment  due  to  vertical 
loading.  For  case  (o)  the  moment  to  be 
carried  is  69  X  15  X  i?^  =  23,280  in.-lb.,  and 
Si  =  M/f  =  23,250/16,000  =  1.45  in. 3,  and 
for  case  (b)  M  =  16.66  X  15^-  X  ^H  =  5,630 
Fig.   208.  in.-lb.,   and   S2    =    5630/16,000   =   0.352   in.' 

These  values  of  Si  and  Si  are  plotted  in 
amount  and  direction  to  scale  in  Fig.  208  (6).  In  the  same  figure,  the  S-Polygon  of  a  6-in.,  8-lb.  channel  is  shown, 
constructed  by  the  methods  explained  in  the  chapter  on  Unsymmetrical  Bending  in  Sect.  1.  Since  the  plotted 
values  fall  inside  the  S-line  for  the  assumed  channel,  the  section  is  satisfactory,  and  it  will  be  adopted. 

In  practice,  girt  sections  are  used  which  are  considerably  smaller  than  the  section  arrived  at  in  this  design. 
Where  theory  and  practice  differ,  as  they  do  in  the  case  under  consideration,  the  designer  must  rely  upon  his 
experience  and  judgment  in  making  a  choice  of  the  sections  to  be  used  for  the  girts.  In  this  case,  theory  will  be 
assumed  to  govern,  and  the  adopted  details  will  be  as  shown  in  Fig.  210. 

168.  Design  of  Bracing.— The  design  of  the  bracing  will  be  governed  by  the  adopted  ar- 
rangement, which  in  turn  is  governed  by  the  layout  of  the  building.  A  general  discussion  of 
the  form  of  bracing  for  buildings  composed  of  knee-braced  bents  has  been  given  in  Art.  129. 

To  illustrate  the  general  methods  for  the  design  of  the  bracing  of  a  knee-braced  building, 
it  will  be  assumed  that  the  structure  under  consideration  in  this  chapter  consists  of  7  bays  of  15  ft. 
each,  as  shown  in  Fig.  209.  Two  arrangements  of  bracing  are  shown  in  Fig.  209.  In  Fig.  (a) 
(b),  and  (c),  the  framing  for  the  end  of  the  building  consists  of  vertical  posts  to  which  the  girts 
are  attached.  Bracing  in  the  plane  of  the  top  chord,  the  bottom  chord,  and  the  planes  of  the 
columns  is  provided  for  two  pairs  of  trusses.  Wind  loads  from  the  ends  of  the  building  are 
brought  to  the  lateral  trusses  by  means  of  rigid  bracing.  Unbraced  bents  are  connected  by 
means  of  a  line  of  struts  at  points  g  and  g'  of  Fig.  197,  by  struts  at  the  eaves,  and  by  a  line  of 
struts  at  the  ridge. 

Figs.  209  (e),  (/),  and  (g)  show  an  arrangement  wherein  knee-braced  bents  are  placed  at 
the  ends  of  the  building.  These  end  bents  are  made  the  same  as  the  others,  so  that  future 
extensions  in  the  length  of  the  building  are  readily  made.  The  figures  show  the  position  of 
the  other  bracing.  As  the  design  methods  for  the  two  arrangements  are  similar,  detailed  calcu- 
lations will  be  given  only  for  the  arrangement  of  Figs,  (a)  to  (d)  inclusive.  Both  of  the  arrange- 
ments for  end  bracing  shown  in  Fig.  209  are  used  in  practice.  The  arrangement  of  Figs,  (a)  to 
(c)  is  probably  cheaper  than  the  one  shown  in  Figs,  (e)  to  (g),  for  in  the  first  arrangement  all  of 
the  members  are  simple  beams  composed  of  rolled  sections,  such  as  I-beams  or  channels. 
Very  little  shop  work  is  required  on  these  members.  In  the  second  arrangement,  the  same 
amount  of  shop  work  is  required  as  for  the  other  knee-braced  bents,  for  all  are  made  alike. 
This  shop  work  costs  several  times  as  much  as  that  for  the  first  arrangement.  The  ease  with 
which  the  building  can  be  e.xtended  is  about  the  same  in  both  cases.  When  the  entire  end  of  the 
building  is  to  be  opened  at  certain  times,  the  second  arrangement  is  preferable. 

In  general  the  design  of  the  bracing  for  a  structure  composed  of  knee-braced  bents  con- 
sists in  the  determination  of  the  wind  loads  applied  to  the  sides  and  ends  of  the  building,  and  in 
the  provision  of  bracing  of  suitable  size  so  located  as  to  transmit  the  applied  loads  to  the  founda- 
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tions  of  the  structure.  The  knee-braced  bents  provide  the  proper  resistance  to  wind  on  the 
sides  and  roof  of  tlie  structure.  Provision  for  these  loads  has  already  been  made  in  the  design 
of  the  preceding  articles.  In  the  first  arrangement  shown  in  Fig.  209,  diagonals  placed  in  the 
plane  of  the  ends  of  the  structure  provide  for  the  loads  not  carried  directly  by  the  knee-braced 
bents.  All  wind  loads  applied  to  the  ends  of  the  building  are  provided  for  by  the  bracing  shown 
in  Figs,  {h)  and  (c),  or  in  Figs.  (/)  and  {g). 

In  tlie  arrangement  of  end  framing  shown  in  Fig.  209  (a),  the  siding  and  girts  are  carried  by  vertical  I-beams 
supported  by  the  foundation  at  the  base ;  by  a  member  running  across  the  end  of  the  building  at  the  height  of  the 
eaves,   shown   by   the  dashed  line 
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Plon  of  Bracing  in  Plane  of  Lower  Chord 


from  A  to  A;  and  by  a  rafter  at 
the  roof  line.  These  beams  are  to 
be  designed  to  carry  the  wind  loads 
brought  to  them  by  the  siding. 
The  dead  load  effect,  which  is  a 
vertical  load,  ia  small  and  can  be 
neglected.  As  shown  in  Fig.  (a), 
the  end  of  the  building  is  divided 
into  four  equal  parts  of  12.5  ft. 
each  by  vertical  beams.  Consid- 
ering each  vertical  member  as  a 
simple  beam  supported  by  the 
foundation  and  the  strut  A- A,  the 
effective  span  is  20  ft.  If  the 
reduced  wind  loading  of  20  lb.  per 
sq.  ft.  is  used,  the  load  to  be  carried 
per  foot  of  vertical  height  is  20  X 
12.5  =  250  lb.,  and  the  bending 
moment  is  M  =  3-^  wl-  =  M  X 
250  X  202  X  12  =  150,000  in. -lb. 
For  a  unit  stress  of  16,000  lb  per 
sq.  in.,  which  corresponds  to  the 
reduced  wind  load  of  20  lb.,  as 
stated  in  Art.  163,  the  section 
modulus  required  is  I /c  =  M/f  = 
150,000/16,000  =  9.38  in. 3  Ffom 
the  steel  hand  books,  a  7-in.,  15-lb. 
I-beam  is  required.  The  same 
section  will  be  used  for  all  mem- 
bers. The  rafter  A-E-D  is  de- 
signed by  similar  methods,  using 
the  total  load  to  be  carried  by 
the  roof. 

The  exact  distribution  of  the 
wind  load  brought  to  the  end  of 
the  building  between  the  bracing 
in  the  plane  of  the  roof  and  the 
plane  of  the  lower  chord  is  inde- 
terminate. It  will  be  assumed 
that  the  load  on  the  lower  half  of 
the  building  is  carried  directly  to 
the  foundations.  In  Fig.  (d),  the 
area  under  consideration  is  that 
below  the   line  a-a.     The  balance 

'of  the  loads  will  be  assumed  as  carried  at  points  A,  B,  C,  D,  and  E  in  proportion  to  the  areas  tributary  to  these 
points.  Fig.  (d)  shows  the  assumed  distribution  of  areas.  The  numbers  show  the  areas  tributary  to  the  several 
points.  At  20  lb.  per  sq.  ft.,  the  loads  brought  to  the  several  points  are  as  shown  on  Figs,  (b)  and  (c).  The  load 
of  1560  lb.  at  the  apex  of  the  truss  is  assumed  to  be  carried  along  the  ridge  strut  to  the  two  sets  of  bracing  in  the 
plane  of  the  top  chord.  If  this  bracing  be  assumed  to  be  composed  of  members  capable  of  carrying  tension  only, 
there  are  four  members  in  position  to  take  the  load.  The  stress  in  each  member  is  then  1500  X  sec  0/4,  where 
6  =  angle  which  the  member  makes  with  the  direction  of  the  wind.  In  tliis  case  the  panels  of  bracing  extend  over 
two  panels  of  the  top  chord,  or  14  ft.,  and  the  trusses  are  15  ft.  apart.  Therefore,  sec  6  =  (14=  -\-  152)!Vl5  =  1-37. 
The  stress  in  the  members  of  the  upper  panel  of  bracing  is  then  1560  X  1.37/4  =  535  lb. 

The  bracing  in  the  lower  panels  of  the  top  chord  bracing  must  carry  the  loads. at  points  E  and  D  of  Fig.  (a),  or 
1560  +  780  +  780  =  3120  lb.  As  before,  four  members  carry  this  load,  and  the  stress  in  each  member  is  3120  X 
1.37/4  =  1070  lb. 
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The  stresses  in  the  bracing,  as  calculated  above,  are  all  very  small.  A  single  2}^  X  2  X  Ji-in.  angle,  the 
minimum  allowable  under  the  conditions  of  Art.  161,  is  sufficient  for  all  members.  The  details  of  the  bracing  are 
shown  ill  Fig.  210. 

The  loads  acting  on  the  bracing  in  the  plane  of  the  lower  chord  are  shown  in  Fig.  (c).  These  loads  are  distri- 
buted to  the  bracing  by  means  of  struts  connecting  points  B,  C  and  6,  c.  As  the  loads  are  small,  the  size  of  the 
struts  will  be  determined  by  l/r  conditions.  The  length  of  strut  Bb  is  (12. 5^  -\-  152))'^  =  19.5  ft.  As  the  stresses 
are  very  small  it  is  reasonable  to  allow  a  maximum  value  of  l/r  =  175.  Then  r=  19.5X12/175  =  1.34  in.  From 
the  steel  handbooks  two  4  X  3  X  Me-in.  angles  with  the  4-in.  legs  separated  by  a  ?^^-in.  space  have  an  r  of  1.3  in.  This 
section  is  considerably  larger  than  the  one  used  in  practice.  For  the  same  reasons  as  given  at  the  close  of  Art.  167, 
the  above  design  will  be  adopted,  as  shown  in  Fig.  210. 

The  load  at  points  c  of  Fig.  (c)  is  brought  to  this  point  from  joints  B  and  C  by  the  struts  Cc  and  Be.  From  the 
conditions  at  points  C,  it  can  be  seen  that  the  two  struts  Cc  each  have  a  component  of  stress  parallel  to  the  load 
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Fig.  210. — General  drawing  of  knee-braced  roof  truss. 


which  is  equal  to  one-half  of  the  load.  Similar  conditions  hold  for  struts  Bh  and  Be  at  joint  B.  Therefore  the  load 
brought  to  point  C  is  3-2  (3660  ■\-  3,280)  =  3970  lb.  Assuming  that  the  diagonals  carry  tension  only,  and  that  the 
loads  are  carried  by  the  diagonals  in  both  sets  of  bracing,  the  stress  in  members  h-d  is  }^  X  3970  X  sec  Q  =  3180  lb. 
The  minimum  section,  which  is  a  23-2  X  2  X  Ji-in.  angle,  will  furnish  sufficient  area.  The  lines  of  struts  connecting 
the  two  panels  of  bracing  in  the  plane  of  the  lower  chord  will  be  made  of  the  section  as  used  for  struts  Cc,  etc. 

Fig.  209  (6)  shows  the  bracing  in  the  plane  of  the  columns.  All  of  the  wind  load  above  the  line  a-a  of  Fig.  (rf) 
must  be  carried  to  points  A,  and  thence  by  the  eave  strut  to  the  two  panels  of  bracing.  As  shown  in  Fig.  (6),  the 
load  to  be  carried  by  each  set  of  column  bracing  is  8120  lb.  Assuming  that  members  take  tension  only,  members 
a-h  each  have  a  stress  of  J2  X  8120  X  sec  6  =  7650  lb.  A  2>^  X  2  X  3-4-in.  angle  will  provide  sufficient  area.  In 
some  cases  rods  are  used  in  place  of  rolled  sections.  When  rods  are  used  they  are  fastened  to  a  gusset  plate  by  means 
of  a  clevis.  Some  designers  consider  rods  preferable  to  rolled  shapes  because  the  erection  in  the  field  is  somewhat 
simplier  than  for  riveted  joints. 

The  eave  strut,  shown  in  Fig.  210,  is  composed  of  four  angles  laced  to  form  a  rigid  member.  As  a  rule  these 
members  are  not  designed  for  any  definite  stress,  but  are  made  up  to  answer  l/r  conditions. 

Complete  details  of  the  structure  designed  in  the  preceding  articles  are  given  on  the  general 
drawing  of  Fig.  210. 
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ARCHED  ROOF  TRUSSES 
!  By  W.  S.  Kinne 

169.  Form  of  Arch  Trusses. — Roof  trusses  of  the  type  designed  in  the  preceding  chapters 
do  not  in  general  provide  an  economical  structure  for  spans  exceeding  100  ft.  A  more  econo- 
mical type  of  roof  truss  for  long  span  trusses  is  provided  by  the  arch  type.  As  stated  in  Art. 
121  of  the  chapter  on  Roof  Trusses-General  Design,  an  arch  is  a  type  of  framed  structure  in 
which  the  reactions  at  the  supports  are  inclined  to  the  vertical  for  all  conditions  of  loading. 

Arches  used  for  roof  trusses  are  usually  classified  according  to  the  method  of  supporting 
the  structure,  and  according  to  the  type  of  framing.  As  arches  are  commonly  supported  at 
the  abutments  by  means  of  pins,  which  are  known  as  hinges,  the  method  of  supporting  the  arch 
is  designated  by  the  number  of  liinges  used.  In  Fig.  211  (a)  is  shown  a  type  of  arch  which  is 
rigidly  fastened  to  the 
abutments  without  the 
use  of  hinges.  This  is 
known  as  a  hingless  arch. 
Fig.  211  (6)  shows  a  type 
in  which  two  hinges  are 
used,  one  at  each  abut- 
ment. This  is  known  as 
a  two-hinged  arch.  In 
many  cases  a  third  hinge 
is  provided  at  the  crown 
of  the  arch,  as  shown  in 
Fig.  211  (c).  This  is 
known  as  a  three-hinged 
arch. 

In  general,  two  types   _      , ,         ,  _  -         ,  .     ,  ,  ,  •        .      • 

of  framing  are  used  for  Two  Hinged  Bn^cedAnch  Hingefess 

arched    roof  trusses.     A  Fig.  211. 

very  common  type   con- 
sists of  a  trussed  frame  work  of  the  form  shown  in  Fig.  211  {d).     This  type  is  known  as  a  braced 
arch.     The  type  shown  in  Fig.  211  (e)  is  a  plate  girder  form,  which  is  known  as  a  ribbed  arch. 

An  arched  roof  truss  is  generally  designated  by  a  combination  of  the  two  classifications 
given  above.  Thus  Fig.  211  (d)  shows  a  two-hinged  braced  arch.  Other  classifications  are  in 
use,  but  the  one  described  above  is  widely  used,  and  is  comparatively  simple. 

A  great  variety  of  arch  trusses  have  been  used  in  building  construction.  Many  of  these 
structures  are  described  in  architectural  and  engineering  periodicals.  Examples  of  arches  of 
the  several  types  given  above  will  be  shown  and  the  relative  advantages  of  the  several  types 
will  be  discussed.  In  general  it  can  be  said  that  an  arch  truss  requires  rigid  and  practically 
unyielding  abutments,  since  arches,  with  the  exception  of  the  three-hinged  type,  are  statically 
indeterminate,  and  any  yielding  of  the  supports  will  result  in  large  changes  in  the  stresses  in 
the  members. 

Hingeless  arches  supported  directly  on  the  abutments,  as  shown  in  Fig.  211  (e),  are  seldom 
used  in  building  construction.  This  type  of  arch  requires  absolutely  rigid  supports,  a  condition 
which  is  difficult  to  realize  in  practice.  In  framing  the  roofs  for  some  of  the  recent  large  termi- 
nal railway  stations,  arch  trusses  are  used  which  are  riveted  to  heavy  columns.  As  the  columns 
are  very  heavy,  they  form  practically  a  rigid  support  for  the  arch,  which  can  therefore  be 
assumed  as  a  hingless  arch. 

The  two-hinged  type  of  arch  is  used  to  great  advantage  w  here  a  comparative  rigid  structure 
is  desired — as,  for  example,  where  floors  are  to  be  supported  over  a  large  drill  hall  or  auditorium. 
This  type  of  construction  is  used  in  the  Armory  and  Gymnasium  of  the  University  of  Wisconsin. 
Fig.  212  shows  a  cross  section  of  the  building  and  the  general  outline  of  the  arch  trusses. 
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Two-liinged  arches  require  rigid  supports,  but,  due  to  the  fact  that  hinges  are  supplied  at 
the  supports,  the  moment  at  these  points  is  zero.  Hence  the  abutments  can  be  designed  forfe>' 
direct  thrust  only.  If  the  foundation  conditions  are  uncertain,  or  if  the  points  of  support 
are  considerably  above  the  ground  level,  as  shown  in  Fig.  212,  the  horizontal  components  of  the 
reactions  can  be  taken  by  means  of  a  tie  rod  which  connects  the  two  end  hinges.  In  Fig. 2 12, 
tills  tie  rod  is  placed  just  under  the  floor.  Where  tie  rods  are  used,  it  is  usual  to  anchor  one  end 
of  the  arch  to  the  abutments,  and  to  place  the  other  end  on  sliding  plates  or  on  rollers.  In 
this  way  the  abutments  can  be  designed  to  take  up  the  vertical  loads,  and  the  tie  rod  can  be 
designed  to  take  up  the  horizontal  forces. 

Three-hinged  arches  are  somewhat  more  flexible  than  arches  of  the  other  types,  and  are 
used  advantageously  for  structures  in  which  only  a  roof  load  is  to  be  carried.     Arches  of  the 


Fig.  2 J  2. — Section  of  gym  and  armory, 
University  of  Wisconsin. 


Fig.   213. 


three-hinged  type  are  statically  determinate — that  is,  all  stresses  can  readily  be  determined  bj 
the  methods  of  simple  statics.     In  this  respect  they  have  a  great  advantage  over  the  other  tjT)es. 
~as  the  work  required  in  stress  calculation  is  greatly  simplified. 

Many  three-hinged  arches  of  long  span  have  been  constructed  in  recent  j'ears  for  use  ir 
drill  halls,  auditoriums,  and  exposition  buildings.  A  t.vpical  three-hinged  arch  construction  is 
used  in  the  drill  hall  at  the  University  of  Illinois.  This  structure  is  described  in  the  Etigr. 
News  for  Dec.  11,  1913,  p.  1182.  Fig.  213  shows  the  form  and  general  dimensions  of  the  arches. 
In  buildings  in  which  a  large  floor  is  surrounded  by  galleries,  the  members  of  the  arch  frame 
interfere  with  free  passage  along  the  gallery,  as  shown  in  Fig.  214.  This  difficult}-  has  been 
avoided  in  certain  structures  by  placing  the  arch  on  cantilever  brackets  above 
the  gallery  level.  A  structure  arranged  in  this  manner  is  described  in  Engr. 
News,  vol.  63,  No.  18. 

The  spacing  of  arch  trusses  to  be  adopted  in  a  given  structure  should  be 
rather  wide.  Since  in  general  the  trusses  are  quite  heavj-,  and  since  consid- 
erable shop  work  is  required,  the  cost  of  the  trusses  per  square  foot  of  covered 
area  is  large.  Therefore,  to  obtain  economical  conditions  a  wide  spacing  of 
trusses  must  be  used,  as  shown  bj'  the  discussion  given  in  the  chapter  on  Roof 
Trusses — General  Design.  In  general,  a  truss  spacing  of  from  25  to  40  ft.  is 
used.  This  spacing  requires  the  use  of  framed  trusses  between  the  arches. 
These  trusses  act  as  purlins,  and  also  form  part  of  the  bracing  required  for  the  arches.  The 
design  of  the  purlins  and  the  roof  covering  is  carried  out  by  the  methods  used  in  the  preceding 
chapters. 

The  shape  of  an  arch  truss  is  generally  determined  by  the  architectural  features  of  the 
structure.  From  the  standpoint  of  the  structural  designer,  it  is  desirable  that  the  adopted  form 
of  the  arch  be  one  that  can  readily  be  laid  out.  Tliis  assists  greatly  in  the  preparation  of  the 
stress  diagrams  and  the  working  drawings.  A  form  of  arch  whose  outline  is  composed  of  cir- 
cles, or  a  combination  of  circles,  is  desirable  from  this  standpoint. 


Fig.  214. 


Suppose  that  in  a  given  case  it  has  been  decided  that  an  arch  composed  of  circles  is  to  be 
ormed  to  pass  through  the  points  A,  B,  C,  D,  and  E  of  Fig.  215.  Suppose  further,  that  ^B 
s  a  single  arc,  and  that  EC  is  composed  of  two  arcs  which  are  tangent  at  D.  Formulas  for  the 
letermination  of  the  required  radii  will  now  be  given.  These  formulas  are  all  based  on  propo- 
sitions given  in  plane  geometry,  to  which  the  reader  is  referred  for  proofs. 

From  plane  geometry,  the  formula  for  the  radius  of  a  segment  of  a  circle,  for  which  the 
hord  and  the  rise  or  mid-ordinate  are  known,  is 

^    ,.  (H  chord)^  +  (rise)2 

Radms  =  ^  ^^    . 

2  X  rise 

As  stated  above,  AB  is  the  arc  of  a  circle.  Fig.  215  shows  that  J-^  chord  =  AK,  and  rise 
=  BK.  These  distances  can  be  scaled  from  a  layout  of  the  arch,  or  calculated  from  given  data. 
Hence, 

(AK)^  +  (BA')2 


In  the  same  way,  the  radius  of  the  arc  DC  is 
(DLp  +  (CL)^ 
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Fig.  215. 


Since  arcs  DC  and  DE  are  tangent,  the  center  for  arc  DE 
ies  at  G,  a  point  on  radius  DF.  The  value  of  R2  can 
)e  calculated  by  methods  similar  to  those  used  above. 

n  general,  the  rise  of  the  arc  ED  is  so  small  that  it  can 

:0t  be  scaled  with  sufficient  accuracy.  However,  by 
neasuring  the  vertical  and  horizontal  projections  of  the 
ire  DE  and  the  angle  a.  included  between  the  radius  DF 
ind  the  vertical,  easily  measured  distances  are  obtained. 
For  the  distances  given  in  Fig.  215,  it  can  be  shown  that 

^  _,,    (EMr  +  iMDr- 

"^      ''^  MD  COS  a  — EM  sin.  a 

Many  different  arrangements  of  web  members  are 
Lised  in  framing  a  braced  arch.  Two  common  methods 
are  shown  in  Fig.  215.  In  Fig.  (o)  the  web  struts  are 
placed  on  the  radii  of  the  chord  members.  In  some  cases 
the  radii  of  the  top  chord  are  used ;  in  others  the  radii  of 
the  lower  chord  are  used ;  and  in  a  third  case  the  radii  of 
an  arc  half  way  between  the  two  chords  are  used.  Fig.  (6)  shows  a  case  in  which  these 
members  are  placed  in  a  vertical  position.  In  Figs,  (a)  and  (b),  the  other  web  members 
are  placed  at  about  45  deg.  to  the  struts.  The  panel  lengths  are  usually  arranged  so  that 
this  is  possible. 

The  adopted  arrangement  of  truss  members  will  depend  to  some  extent  on  the  type  of 
roof  framing  which  is  to  be  used.  If  the  purlins  are  seated  on  the  top  of  the  upper  chord  members, 
ither  arrangement  can  be  used.  In  general  this  implies  comparatively  close  truss  spacing  so 
that  rolled  shapes  can  be  used  as  purlins.  If  deep  trussed  purlins  are  used,  it  is  desirable  that 
they  be  placed  in  a  vertical  position.  Hence  a  framing  with  vertical  members  is  best  adapted 
to  this  construction. 

170.  General  Methods  for  Determination  of  Reactions  and  Stresses. — The  several  types 
af  arch  trusses  will  be  considered  in  the  order  determined  by  the  difficulties  encountered  in  the 
determination  of  the  reactions.  This  order  is  (a)  three-hinged  arches,  (&)  two-hinged  arches, 
and  (c)  hingeless  arches. 

The  calculation  of  reactions  and  stresses  in  arch  structures  can  be  made  either  by  algebraic 
ar  by  graphical  methods.  In  general,  graphical  methods  will  be  found  preferable,  for  the  calcu- 
lation of  the  lever  arms  of  members  and  forces  in  the  algebraic  method  requires  considerable 
time.  However,  in  many  cases  these  lever  arms  can  be  scaled  with  sufficient  accuracy  from  a 
arge  scale  drawing  of  the  truss.     Under  such  conditions,  the  two  methods  require  about  the 
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same  amount  of  time.     In  the  work  to  follow,  algebraic  and  graphical  methods  will  be  given  fc 

the  solution  of  reactions  and  stresses. 

170ra.   Three-Hinged     Arches — Algebraic    Solution    for     Reactions. — Let     Fi} 

216  represent  a  three-hinged  arch  acted  upon  by  loads  Pi,  Pi,  and  Ps.     It  will  be  assume 

that  the  points  of  support,  A  and  B,  are  on  the  same  level.     The  reactions  at  A  and  B  can  h 

represented  by  two  forces  at  each  poin 
'f^  Let  Hi,  Vi,  and  Hi-  V^  represent  thes 

^  /  forces,  assumed  to  act  as  shown. 

At  first  sight,  the  problem  is  iiid( 
terminate,  for  there  are  four  unknow 
forces  present,  and  as  stated  in  th 
chapter  on  "  Principles  of  Statics"  i 
Sect.  1,  only  three  unknowns  can  be  d( 
termined  in  any  system  of  non-concu: 
rent  forces.  However,  the  introductio 
of  a  hinge  at  the  crown,  point  C  of  Fij 
216,  reduces  the  moment  at  this  point  1 
zero.  This  can  be  made  the  basis  of  a 
independent  moment  equation.  Th 
equation,  together  with  three  equatior 
derived  from  the  conditions  of  equihbriui 
stated  in  Sect.  1,  gives  rise  to  fourind' 
pendent  equations  from  which  the  rea' 
tions  can  be  completeh^  determined. 

In  applying  the  four  independei 
equilibrium  conditions  stated  above  i 
the  determination  of  the  reactions  f< 
the  conditions  shown  in  Fig.  215,  it  w 
be  found  convenient  to  use  momei 
equations  about  A  and  B,  considerir 


Fig.  216. 


the  structure  as  a  whole. 


from  which 


Thus  from  moments  about  B  equal  zero,  we  have 
Vil  -  PiC  -  Pid  -  P,e  =  0 


Vi  = 


PiC  +  Pid  +  P^c 


I 


In  general  terms,  this  can  be  written 

where  P  =  any  load,  xb  =  distance  from  moment  center  B  to  this  load,  and  I  =  span  lengtl 
The  value  of  V2  is  given  by  a  similar  moment  equation  about  point  A,  from  which 


F2  = 


where  xa  is  the  distance  moment  center  A  to  any  force  P. 

On  separating  the  structure  at  the  crown,  as  shown  in  Figs.  216  (c)  and  (b),  and  WTiting 
moment  equation  about  point  C  for  the  forces  on  the  left  of  the  point,  as  shown  in  Fig.  (6),  w 
have 

+  Via  -  Pik  -  P.g  -  Hih  =  0 
from  which 


^^         Via  -  Pik  -  P.g 
"'  = h 


(c 


In  the  same  way,  moments  about  C  for  loads  on  the  right  side  of  the  crown,  as  shown  in  Fig 
(c)  gives 

+  V,b  -  P4  -  H,h 


?0,Sec.  3-1 70a] 
fofrom  which 


STRUCTURAL  DATA 


//.  = 


h 


569 


(4) 


1? 

ledf  a  check  on  the  calculated  values  is  desired,  it  can  be  obtained  by  summation  of  vertical  and 

horizontal  forces  for  the  structure  as  a  whole,  from  which 
^1  Vi  +  V2  =  SP  cos  e 

%nd 

Hi  -  Hi  =  2P  sin  e 

where  P  is  any  load  and  d  is  the  angle  between  the  line  of  action  of  this  load  and  the  vertical. 
Eqs.  (1)  to  (4)  are  general,  and  can  be  applied  to  any  loading  conditions. 

In  calculating  the  stresses  in  the  members  of  the  arch,  the  forces  acting  on  the  crown  hinge 
must  also  be  known.  These  forces  can  readily  be  calculated  for  the  conditions  shown  in 
Figs.  (/>)  and  (c)  as  soon  as  the  reactions  at  A  and  B  are  known. 

Graphical  Solution  for  Reactions. — Graphical  solutions  are  based  on  the  fact  that  zero 
moment  at  any  point  indicates  that  the  resultant  of  the  forces  on  either  side  of  the  point  must 
pass  through  the  point  in  question.  Since  the  equilibrium  polygon  for  any  set  of  forces  re- 
presents the  action  line  of  resultants  on  either  side  of  a  point,  and  since  hinges  are  assumed  to 
be  points  of  zero  moment,  it  follows  that  the  equilibrium  polygon  drawn  for  the  loads  on  any 
three-hinged  arch  must  be  made  to  pass  through  the  three  hinges.  The  solution  of  this  problem 
therefore  consists  in  passing  an  equilibrium  polygon  through  three  given  points.  Several 
typical  cases  will  now  be  considered  in  detail. 

The  work  which  follows  is  based  on  the  principles  of  graphic  statics  given  in  the  chapter  on 
"Principles  of  Statics"  in  Sect.  1.  Therefore,  construction  methods  for  the  several  cases  will 
be  explained,  but,  in  general,  proofs  will  not  be  given  for  these  methods. 


^/-^/r,  (b) 


Fig.  217. 


Fig.  218. 


Single  Load  on  One  Arm  of  Arch. — Fig.  217  (a)  shows  a  single  vertical  load  on  one  ami  cf  a  three-hinged  arch. 
Since  there  is  no  load  on  the  right-hand  arm  of  the  arch,  and  since,  as  stated  above,  the  line  of  the  resultant  forces 
passes  through  the  hinges,  it  is  evident  that  the  reaction  Ro  acts  along  a  line  connecting  hinges  B  and  C,  as  shown  in 
Fig.  (a).  Also,  since  the  structure  under  consideration  is  in  equilibrium,  the  resultant  of  the  forces  on  either  side 
af  load  P  must  meet  at  a  point  on  the  action  line  of  the  load.  Therefore,  to  find  the  direction  and  position  of  the 
action  line  of  Ri,  produce  CB  to  an  intersection  with  P  at  point  D,  and  connect  A  and  D.  The  position  and  direc- 
tion of  Ri  and  R^  are  then  completely  determined. 

To  determine  the  amount  of  Ri  and  Ri,  construct  a  force  diagram,  as  shown  in  Fig.  (6).  Lay  off  force  P  in 
amount  and  direction  to  any  scale.  By  the  methods  given  in  Sect.  1,  resolve  P  into  components  parallel  to  the 
iction  lines  of  Ri  and  Ri  as  given  in  Fig.  (a).     The  resulting  forces  give  the  amount  of  the  reactions,  which  are  thus 
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completely  determined.  If  values  corresponding  to  //i,  Ih,  Vi,  and  T'2  of  the  algebraic  solution  are  required,  the 
can  be  determined  by  resolving  Ri  and  R2  of  Fig.  (6)  into  their  vertical  and  horizontal  components.  Fig.  (c)  shov 
the  construction  .for  a  single  horizontal  load. 

Any  Set  of  Loads. — Fig.  218  (a)  shows  a  three-hinged  arch  supported  by  hinges  at  A,  B,  and  C  and  carrying  a  s. 
of  inclined  loads  on  both  arms.  The  complete  solution  for  the  reactions  at  A  and  B  requires  that  an  equilibriu; 
polygon  for  the  applied  loads  be  passed  through  points  A,  B,  and  C. 

Construct  a  force  diagram  for  the  applied  loads,  as  shown  in  Fig.  (b).  As  the  location  of  the  pole  for  an  equil 
brium  polygon  which  will  pass  through  the  three  given  points  is  not  known  as  yet,  it  must  be  determined  by  cu 
and-try  methods.  Assume  any  pole,  as  O'  and  construct  the  corresponding  equilibrium  polygon.  All  lines  f( 
this  construction  are  shown  dotted  in  Figs,  (a)  and  (b).  In  constructing  this  equilibrium  polygon  begin  with  tl 
string  which  passes  through  the  point  C.  For  the  case  under  consideration,  this  is  a  line  prallel  to  O'd  of  Fig.  (b 
Assume  for  the  purpose  of  this  discussion  that  the  applied  loads  are  divided  into  two  groups  composed  of  tl 
loads  on  either  side  of  point  C — that  is,  loads  Pi,  P2,  and  P3  in  one  group,  and  Pi  and  Ps  in  another  group.  Dete 
mine  the  direction  of  the  resultants  of  these  two  groups.  The  line  a-d  of  Fig.  (b)  shows  the  direction  of  the  resultai 
for  Pi,  P2,  and  P3,  and  d-f  shows  the  direction  of  the  resultant  of  Pi  and  Ps.  In  Fig.  (a)  draw  through  poin- 
A  and  B  lines  A-D  and  B-E  parallel  respectively  to  a-d  and  d-f  of  Fig.  (6).  Draw  the  closing  lines  D-C  and  C- 
of  Fig.  (a)  for  the  equilibrium  polygons  for  the  two  groups  of  loads,  pole  at  O'.  In  Fig.  (b)  draw  lines  O'F  an 
O'G  parallel  respectively  to  D-C  and  C-E  of  Fig.  (a).  This  operation  is  equivalent  to  assuming  that  the  tw 
groups  of  loads  are  supported  at  points  A  and  C  for  the  left-hand  group  and  C  and  B  for  the  right-hand  group  b 
forces  parallel  respectively  to  the  resultants  of  the  two  groups. 

From  the  principles  of  graphic  statics  it  can  be  shown  that  while  an  infinite  number  of  equilibrium  polygoi 
can  be  drawn  through  point  C  for  the  conditions  shown  in  Fig.  (a),  in  all  of  these  polygons  the  last  string  for  eac 
group  and  its  closing  line  will  always  intersect  on  the  lines  A-D  and  B-E  produced.  Also,  points  F  and  G  of  Fig.  (,1 
locate  the  points  of  load  divide  for  A  and  C  and  for  C  and  B.  The  position  of  these  points  will  always  be  the  sam< 
regardless  of  the  assumed  location  of  the  pole  O'.  Hence  these  statements  also  hold  true  for  the  equilibrium  polygo 
for  points  A,  B,  and  C,  in  which  case  the  intersection  of  last  strings  and  closing  lines  is  at  points  .1  and  B  of  Fig.  (a 
Therefore  A-C  and  C-B  arc  the  closing  lines  for  the  required  equilibrium  polygon. 

To  locate  the  pole  of  the  required  equilibrium  polygon,  in  Fig.  (6)  draw  F-0  and  G-0  parallel  respectively  t 
A-C  and  C-B  of  Fig.  (a).     Point  O  of  Fig.  (b),  the  intersection  of  F-0  and  G-0,  is  the  required  pole,  and  the  full  lir 

equilibrium  polygon  of  Fig.  (a)  passing  through  point 
A,  B,  and  C  is  the  required  polygon.  The  directio 
of  the  reactions  at  A  and  B  is  given  by  the  las 
strings  of  the  true  equilibrium  polygon,  produced,  t 
shown  in  Fig.  (a),  and  the  amount  of  the  reactions 
given  to  scale  by  the  corresponding  forces  in  Fig.  (6 
Thus  Pi  is  given  by  0-a  and  Ri  is  given  by  0-f. 

Where  the  applied  loads  consist  of  a  set  ( 
parallel  vertical  forces,  all  of  which  are  unequal  i 
amount,  the  construction  of  Fig.  218  can  also  l 
used.  A  somewhat  simpler  solution  for  this  case 
shown  in  Fig.  219.  Again  assume  any  pole,  as  0'  ( 
Fig.  (6),  with  a  pole  distance  Hi,  Construct  th 
corresponding  equilibrium  polygon,  which  is  show 
by  the  dotted  lines  of  Fig.  (a).  Measure  the  vertic: 
intercept,  y  of  Fig.  (a),  between  the  string  of  th 
equilibrium  polygon  which  passes  through  C  and  th 
closing  line  D-E. 

From  the  principles  of  graphic  statics,  the  mc 
ment  at  C  due  to  vertical  forces  to  the  right  or  lei 
of  the  point  is  Mc  =  Hiy,  where  Hi  =  pole  distanci 
and  y  =  the  intercept  described  above.  Consider  th 
corresponding  value  for  the  equilibrium  polygo 
through  points  A,  B,  and  C,  as  shown  in  Fig.  (a).  The  closing  line  is  A-B,  the  equilibrium  polygon  passes  throug 
point  C,  and  the  vertical  intercept  is  h,  the  height  of  the  crown  hinge  above  hinges  A  and  B.  If  //  be  the  true  pol 
distance,  Mc  =  Hh.  But  the  moment  about  C  is  a  constant  and  hence  the  two  expressions  for  Mc  given  abov 
are  equal.  Therefore  on  equating  the  above  expressions,  the  value  of  the  true  pole  distance  H  can  be  determinec 
On  equating  these  expressions  for  Mcv;e  have,  H\y  =  Hh,  from  which,  //  =  Hi  y/h. 

A  grapliical  solution  of  this  equation  is  shown  in  Fig.  (c).  To  obtain  the  value  of  H,  draw  a  set  of  rectangula 
axes  2-4  and  2-5.  On  the  horizontal  axis  lay  off  the  value  of  Hi,  represented  to  scale  by  2-5,  and  on  the  verticg 
axis  lay  off  2/  =  1-2  and  h  =  2-4.  Connect  points  4  and  5,  and  through  1  draw  1-3  parallel  to  4-5.  Then  H  = 
2-3  to  the  same  scale  as  Hi. 

To  locate  the  true  pole  0  in  Fig.  (6)  draw  through  O'  a  line  O'-F  parallel  to  D-E,  the  closing  line  of  the  dottei 
equilibrium  polygon  of  Fig.  (a).  Then  F  of  Fig.  (b)  is  the  load  divide  point  of  the  vertical  forces.  Since  th 
closing  lines  for  all  poles  intersect  at  point  F,  and  since  the  closing  line  for  the  true  polygon  is  a  horizontal  line 
draw  from  point  F  a  horizontal  line.  Lay  off  on  this  line  F~0  =  H  of  Fig.  (c).  Point  O  of  Fig.  (6)  is  the  require< 
pole.  The  full  line  equilibrium  polygon  of  Fig.  (a)  shows  the  required  polygon.  Fig.  (a)  shows  the  direction  o 
the  reactions  Pi  and  Ri.     Their  amount  is  shown  in  the  force  polygon  of  Fig.  (b). 


Fig.  219. 
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A  special  case  of  vertical  loading,  in  which  equal  loads  are  symmetncally  placed  with  respect  to  the  crown 

Ihinee   is  shown  in  Fig.  220.     Since  the  loads  are  symmetrically  placed  with  respect  to  the  crown  hmge    only  half 

th^  force  lagram  and  the  ecuilihrium  polygon  need  be  drawn,  since  it  is  known  that  the  stnng  of  the  equ.hb- 

Im  pass  ng  through  point  C  is  horizontal,  as  shown  in  Fig.  (a).     Draw  the  force  polygon  for  the  loads  to  the  lef 

ir   f  the  centeS   as  shown  in  Fig.  (b).     Choose  a  pole  O'  and  draw  an  equilibrium  polygon,  shown  by  the  dotted  hnes 

fI!  Ta)      sLce  tTe  loads  are  symmetrical  about  the  center  hinge,  the  closing  line  of  the  trial  equ.hbrmm  polygon 

lUwiU  aTw-avs  be  horizontal.     Therefore,  O'  is  to  be  located  on  a  horizontal  line  through  pomt  d  of  Fig.  (6). 

Produce  A^E  and  D-E,  the  first  and  last  strings  of  the  equilibrium  polygon,  to  an  intersection  a    point  E  of 
HFig    il)      Tht  locates  a  point  on  the  line  of  action  of  the  resultant  of  the  group  of  loads  to  the  left  of  the  crown 

I  Sge      This  resultant  is  shown  by  R  in  Fig.  (a).     Since  the  first  and  last  strings  of  the  equilibrium  polygons  drawn 
i  for  any  pole  will  meet  on  the  line  of  action  of  R,  the  true 
;k  pole   can  be  located  as  follows:  Through  hinge  C  draw  a 
ei  horizontal  line  C-F  intersecting  R  at  F.     This  line  is  the 

last  string  of  the  equilibrium  polygon  through  points  A, 
It  B,  and  C.  Connect  A  and  F.  The  resulting  line  is  the 
■I  first    string    of  the   required   equilibrium   polygon.      To 

II  locate  the  true  pole  in  Fig.  {b),  draw  from  point  a  a  line 
a-0  parallel  to  A-F  of  Fig.  (a).  Then  0  of  Fig.  (fe)  is 
the  required  pole.  The  true  equilibrium  polygon  is 
shown  by  the  full  lines  of  Fig.  (a). 


Fig.  220. 

Fig  221  shows  a  three-hinged  arch  supporting  loads  on  one  arm  only.  Since  there  are  no  loads  on  the  right- 
hand  side  of  the  arch,  the  direction  of  R2  is  given  at  once,  as  shown  in  Fig.  (a).  The  construction  is  the  same  as  for 
Fig  217  Construct  the  force  polygon  of  Fig.  221(6)  and  choose  a  pole  O'.  Since  the  last  string  of  the  equilibrium 
polygon  must  pass  through  C  and  B  of  Fig.  (a),  the  pole  0'  of  Fig.  (b)  should  lie  on  a  line  c-0'  which  is  paraUel  to 
B-C  of  Fig  (a).  Construct  an  equilibrium  polygon  for  pole  O'.  This  polygon  is  shown  by  the  dotted  lines.  Uegin 
the  construction  at  point  D,  and  close  on  a  line  A-E,  which  is  parallel  to  the  resultant  of  the  applied  loads_  Line 
a-c  of  Fig  (b)  shows  the  direction  of  this  resultant.  The  closing  line  of  the  polygon  is  E-C  of  Fig.  (o).  in  l-ig.  (O) 
locate  the  load  divide  point  G  by  drawing  through  O'  a  line  O'-^  parallel  to  the  closing  bne  E-C  of  Fig.  a),  io 
locate  the  true  pole  for  an  equilibrium  polygon  through  A,  B,  and  C,  draw  from  point  G  of  Fig.  (b)  aJineC.  U 
parallel  to  A-C  of  Fig.  (a).     Point  O  of  Fig.  (b)  is  the  required  pole.     Fig.  221  shows  the  required  construction. 

This  problem  can  also  be  solved  by  assuming  that  the  applied  loads  are  replaced  by  their  resultant  R.  As- 
sume a  pole  0'  as  before  and  locate  the  position  of  R.  The  construction  is  shown  by  the  dotted  lines  of  I'lg.  ^^1 
(a).  By  applying  the  same  principle  as  used  in  Fig.  217  for  a  single  load,  the  direction  of  Ri  can  be  determined  at 
once,  for  the  action  line  of  Ri  meets  the  resultant  ij  at  F,  a  point  on  B-C  produced. 

Temperature  Stresses.—The  changes  in  the  reactions  and  stresses  in  three-hinged  arches 
due  to  changes  in  temperature  are  so  small  compared  to  the  stresses  due  to  direct  loading  that 
they  are  usually  neglected.  It  will  be  found  that  the  effect  of  temperature  changes  on  a  three- 
hinged  arch  is  to  increase  or  decrease  the  dimensions  of  the  structure,  depending  on  the  character 
of  the  change.  If  the  abutments  are  rigid,  the  change  in  dimensions  results  in  a  rise  or  fall  ot 
the  crown  hinge.  If  a  tie  rod  is  used,  so  placed  as  to  be  protected  from  sudden  changes  of  tem- 
perature, a  similar  effect  is  produced.  When  the  tie  rod  is  exposed  to  the  same  conditions  as 
the  truss,  both  crown  and  abutment  hinges  change  position.  However,  it  can  be  shown  that 
assuming  very  severe  conditions,  the  changes  in  dimensions  will  not  exceed  0.1%  of  the  princi- 
pal dimensions  of  the  structure.     Hence  temperature  changes  can  be  neglected. 

1706.  Two-Hinged  Arches.— The  reactions  at  the  points  of  support  for  any 
two-hinged  arch  can  be  represented  by  four  unknown  forces,  as  shown  in  Fig.  222  for  a  braced 
arch      Since  there  are  four  unknowns  to  be  determined  and  only  three  independent  equihbrium 
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Fig.  222. 


equations  are  available,  another  independent  condition  must  be  at  hand  from  which  a  fourtl 
equation  can  be  formed.  In  structures  of  the  two-hinged  type,  the  fourth  condition  equatioi 
IS  made  to  depend  upon  the  elastic  deformation  of  the  arch.  This  elastic  deformation  is  there 
fore  dependent  upon  the  form  of  the  arch,  the  sizes  of  all  members,  and  the  conditions  of  th, 
end  supports.     Where  rigid  supports  are  provided,  an  equation  is  formed  which  states  that  th( 

horizontal  movement  of  one  support  with  respect  to  the  othe. 
IS  zero.  If  the  resistance  to  horizontal  forces  is  provided  bj- 1 
tie  rod  connecting  the  two  supports,  it  is  usual  to  anchor  on( 
end  of  the  arch  truss  to  the  foundations  and  to  place  th( 
other  end  on  rollers  or  a  sliding  plate.  For  this  constructior 
the  movement  of  one  support  with  respect  to  the  other  is 
placed  equal  to  the  extension  of  the  tie  rod.  The  methoc 
outlined  above  will  be  applied  to  two-hinged  arches  of  th( 
braced  and  ribbed  type. 

Reactions  for  a  Two-Hinged  Braced  Arch. — Fig.  222  show; 

a  two-hinged  braced  arch  with  a  tie  rod  connecting  the  hingec 

points  of  support.      It  will  be  assumed  that  support  B  is 

anchored  to  the  foundations  and   that  support  A  is  placed  on  rollers.      Assume  that  th( 

structure  carries  the  loads  Pi,  P,,  and  P,,  acting  as  shown.     Applying  the  three  conditions  o: 

static  equilibrium  to  the  structure  of  Fig.  222,  we  have 

Vi  =  7^Pxb/1\ 

V2  =  ^Pxa/i]  (5- 

and 

Hi  -  H2  =  SP  sin  e  (6' 

In  these  equations  P  =  any  load,  xa  and  xb  =  perpendicular  distance  from  any  load  to  A  anc 
B  respectively,  6  =  angle  which  any  load  makes  with  the  vertical,  and  I  =  span  between  hinges 
The  fourth  independent  equation  is  made  to  depend  upon  the  elastic  deformation  of  the 
arch.  As  stated  above,  the  movement  of  point  A  with  respect  to  point  B  is  to  be  placed  equa 
to  the  extension  of  the  tie  rod.  This  movement  can  be  calculated  by  methods  for  the  determi- 
nation of  the  deflection  of  framed  structures  given  in  standard  works  on  bridge  stresses.i  From 
these  works,  the  deflection  of  any  point  in  a  framed  structure  is  given  by  the  formula 

^  =  Xzs"  (7: 

where  D  =  deflection  of  any  point;  S  =  stress  in  any  member  due  to  the  applied  loads;  w  = 
a  ratio  which  is  equal  to  the  stress  in  any  member  due  to  a  1-lb.  load  applied  at  the  point  whose 
deflection  is  desired  and  in  the  direction  of  the  desired  deflection;  I  =  length  of  any  member 
A  =  its  area;  and  E  =  modulus  of  elasticity  of  the  material  of  which  the  structure  is  built 

In  the  case  under  consideration,  the  tie  rod  is  a  tension  member.  Hence  the  movement  of 
point  A  is  to  the  left.  The  1-lb.  load  used  for  the  determination  of  values  of  u  is  to  be  applied 
horizontally  at  point  A  and  acting  to  the  left.  It  is  assumed  that  the  tie  rod  is  removed  when 
values  of  u  are  calculated. 

Let  Hi  =  stress  in  the  tie  rod,  and  let  At,  It,  and  Ei  =  respectively,  the  area,  length,  and 
the  modulus  of  elasticity  of  the  material  for  the  tie  rod.  The  extension  of  the  tie  rod  under  a 
stress  Hi  is  then  HiliA,Et.  Placing  the  extension  of  the  tie  rod  equal  to  the  horizontal 
movement  of  point  A,  as  given  by  the  general  equation  for  deflection,  we  have 


■  SI  It 

^AE''  -"'A^t 


(8) 

In  this  formula,  S  is  the  stress  in  any  member  of  Fig.  222.  This  stress  can  not  be  determined 
until  Hi  is  known.  However,  S  can  be  expressed  in  terms  of  Hi  and  the  stress  in  anv  member 
of  the  arch  of  Fig.  222  with  the  tie  rod  removed.  This  can  be  done  in  the  following  manner: 
Remove  the  tie  rod  and  calculate  the  stresses  in  all  members  of  the  statically  determinate  arch 
truss  thus  formed.     Let  *S'  denote  this  stress  for  any  member.     Since  Hi  and  u  have  the  same 

1  See  Modern  Framed  Structures,  by  Johnson,  Bryan,  and  Turneaure,  Parts  I  and  II. 
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line  of  action,  it  is  evident  from  the  definition  of  u  given  above  that  the  effect  of  H\  on  the  stress 
in  any  member  can  be  expressed  by  a  term  of  the  form  -HiU.  The  minus  sign  is  used  because 
by  definition  the  1-lb.  load  acts  to  the  left  with  respect  to  point  A,  while  Hi  is  a  tension  and  there- 
fore acts  to  the  right  with  respect  to  point  A.  This  difference  in  direction  can  be  accounted  for 
*  by  the  use  of  a  minus  sign.     We  then  have 

S  =  S'  -  Hiu  (9) 

Substituting  this  value  of  S  in  eq.  (8), 


Solving  this  equation  for  Hi,  the  stress  in  the  tie  rod  is  found  to  be 

Aae"^   '^  AtEt 

In  substituting  in  eq.  (10),  close  attention  must  be  paid  to  the  signs  of  the  stresses  S'  and  u.  It 
isjwill  be  best  to  use  plus  for  tension  and  minus  for  compression.  When  S'  and  u  are  multiplied, 
like  signs  result  in  plus  values,  and  unlike  signs  result  in  minus  values.  If  the  signs  have  been 
orrectly  handled,  the  sign  of  the  result  will  indicate  the  direction  of  Hi.  A  plus  sign  indicates 
that  the  arrow  in  Fig.  222  acts  as  shown,  and  a  minus  sign  indicates  that  Hi  acts  in  the  opposite 
direction. 

With  eq.  (10),  and  eqs.  (5)  and  (6)  given  above,  the  reactions  can  be  determined  for  an  arch 
with  a  tie  rod.  If  the  hinges  are  supported  by  rigid  abutments,  the  effect  is  equivalent  to  a 
tie  rod  of  infinite  area.     For  this  condition,  the  term  It/AtEt  is  zero,  and  eq.  (10)  becomes 

XS'l 


X{ 


S'l  rj        ^        A         Hi  It 

AE''-"'AEn  =  A^t 


Again,  if  no  tie  rod  is  provided,  and  if  the  abutments  do  not  provide  lateral  support,  A  <  can  be 
taken  equal  to  zero.  For  this  condition  the  denominator  of  eq.  (10)  becomes  infinite  and  hence 
Hi  =  0,  or,  Fig.  222  is  a  simple  span. 

It  will  be  noted  in  eq.  (10)  that  the  value  of  Hi  is  dependent  upon  the  form  of  the  arch 
truss,  as  indicated  by  S',  u,  and  I,  and  also  upon  the  size  of  the  members,  as  indicated  by  A. 
Therefore,  before  Hi  can  be  determined  for  a  given  arch,  the  areas  of  the  members  must  be 
known,  or  they  must  be  assumed.  If  the  structure  to  be  designed  is  similar  in  size  and  loading 
conditions  to  an  existing  structure,  it  is  possible  to  draw  some  conclusions  regarding  the  probable 
size  of  members  for  the  proposed  structure.  When  this  information  is  not  available,  a  prelimi- 
nary design  can  be  made,  using  a  value  of  Hi  determined  on  the  assumption  that  all  members 
have  the  same  area.  Stresses  in  all  members  can  then  be  determined  by  methods  to  be  presented 
later  in  this  article.  After  the  stresses  have  been  determined,  members  can  be  designed  to  fit 
these  stresses.  Using  the  areas  thus  determined,  another  calculation  for  Hi  can  be  made,  the 
stresses  in  the  members  recalculated,  and  the  members  redesigned,  if  necessary.  Usually  it 
will  be  found  necessary  to  make  only  one  complete  design  following  the  preliminary  design. 

Effect  of  Temperature  Changes  on  a  Two-Hinged  Braced  Arch.  The  reactions  at  the  points 
of  support  of  the  two-hinged  arch  of  Fig.  222  due  to  changes  in  temperature  can  be  deter- 

mined  by  substituting  in  place  of  the  term  ^-7^  wof  eq.(lO)  an  expression  for  the  change  in  the 

distance  between  points  of  support  due  to  the  given  temperature  change.  Assume  that  the 
structure  of  Fig.  222  is  supported  by  rigid  abutments  at  A  and  B.  Suppose  that  the  tempera- 
ture rises  t  degrees.  If  the  coefficient  of  linear  expansion  of  the  material  of  which  the  arch  is 
constructed  is  c  per  unit  of  length,  the  change  in  the  distance  from  AtoBis  +  ctl.  If  Ht  denote 
the  horizontal  reaction  at  A,  we  have  from  eq.  (10), 

±ctl 

Xae"' 
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The  plus  sign  is  to  be  used  for  a  rise  in  temperature,  and  the  minus  sign  is  to  be  used  for  i 
fall  in  temperature.  For  a  rise  in  temperature  Hi  and  H2  act  as  shown  in  Fig.  222;  for  a  fal 
in  temperature  they  act  in  opposite  directions.  It  is  to  be  noted  that  for  temperature  changes 
7i  =  ^2  =  0,  and  that  i^i  =  i/2. 

Where  a  tie  rod  is  used  which  is  protected  from  changes  in  temperature  due  to  the  fact  thai 
it  is  under  ground  in  a  special  trough,  the  methods  for  the  calculation  of  the  reactions  are  th( 
same  as  given  above.  In  this  case  the  temperature  change  t  must  be  based  on  the  known  01 
assumed  difference  in  temperature  between  truss  and  tie  rod.     The  denominator  of  eq.  (li; 

must  include  the  term    .    „  of  eq.  (10). 
At  tit 

When^  and  Bof  Fig.  222  areconnectedby  an  exposed  tie  rod,  for  which  temperature  change.' 
are  exactly  the  same  as  for  the  rest  of  the  structure,  it  can  readily  be  seen  that  //«  =  0,  for  e 
temperature  reaction  exists  only  when  resistance  is  offered  to  the  tendency  of  the  framework 
between  A  and  B  to  expand.  Rigid  supports,  or  a  tie  rod  which  does  not  expand  as  much  as 
the  frame  work  will  cause  a  temperature  reaction,  while  a  tie  rod  whose  expansion  is  equal  tc 
that  of  the  frame  work  will  not  cause  a  temperature  reaction. 

The  temperature  change  to  be  used  in  the  calculation  of  i/(  of  eq.  (11)  varies  with  the  con- 
ditions. For  a  building  which  is  heated  and  is  not  subjected  to  sudden  changes  in  temperature 
15  to  20  deg.  above  and  below  the  normal,  or  a  range  of  30  to  40  deg.  is  sufficient.  If  seven 
conditions  are  to  be  expected,  with  sudden  changes  of  temperature,  50  or  60  deg.  above  and  below 
normal,  or  a  range  of  100  to  120  deg.  should  be  specified. 

Ribbed  Arches  of  Two  Hinges. — Hinged  arches  of  two  hinges  are  seldom  used  in  building 
construction.  For  methods  of  calculation  for  structures  of  this  type  the  reader  is  referred  tc 
standard  text  books  on  the  subject  of  arches.i 

170c.  Hingeless  Arches. — Hingeless  braced  arches  of  the  type  mentioned  in  Art 
169  have  been  used  to  some  extent  in  building  construction.  Arches  of  the  hingeless  type  an 
used  extensively  in  bridge  work,  particularly  in  the  form  of  steel  or  reinforced  concrete  ribs 
Since  the  essential  difference  in  the  bridge  and  roof  arch  of  the  hingeless  type  lies  in  the  appliec 
loading,  the  reader  is  referred  to  standard  works  on  the  subject  of  steel  and  concrete  arches. 
170d.  General  Methods  for  Determination  of  Stresses  in  Braced  and  Ribbec 
Arches. — Stresses  in  the  members  of  a  braced  arch,  or  in  the  web  and  flanges  of  a  ribbed  arch 

are  best  determined  by  graphical  or  semigraphical  methods 
Algebraic  methods  can  also  be  used,  but  in  general  such 
methods  require  considerable,  time  for  the  solution  of  the 
problem.  The  accuracy  of  the  results  obtained  by  the 
algebraic  methods  is  probably  somewhat  greater  than  is 
possible  by  the  use  of  graphical  methods.  However, 
graphical  methods  give  results  which  are  accurate  enough 
for  all  practical  purposes,  and  since  much  time  can  be 
saved  thereby,  especial  attention  will  be  given  to  graphical 
methods  in  the  work  to  follow. 

In  Art.    172  is  given  a  complete  solution  for  stresses 
A  detailed  discussion  of  the  methods  employed  is  given  in  connection 


Honzonfa/ 
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Fig.  223. 


in  a  three-hinged  arch, 
with  this  solution. 

The  stresses  in  an  arch  of  the  two  or  three-hinged  type  can  be  determined  as  soon  as  the 
applied  loads  and  the  reactions  at  the  supports  are  known.  In  general  the  principles  of  stress 
determination  are  similar  to  those  given  in  Sect.  1,  although  the  presence  of  incHned  reactions 
and  the  curvature  of  the  arch  rib  causes  slight  modifications  in  the  methods  of  calculation. 
While  the  arch  rib  is  essentially  a  curved  beam,  in  most  cases  the  depth  of  the  arch  rib  is  so  small 

>  Modern  Framed  Structures,  Part  II.     By  Johnson,  Bryan,  and  Turneaure. 

2  Modern  Framed  Struotures,  Part  II.  By  Johnson,  Bryan,  and  Turneaure.  Principles  of  Reinforced  Con- 
struction, By  Turneaure  and  Maurer.  Reinforced  Concrete,  Part  III.  By  G.  A.  Hool.  Concrete  Engineers' 
Handbook  by  Hool  and  Johnson.  Steel  Roof  Trusses  Designed  as  Elastic  Arches,  By  W.  S.  Tait,  Engr.  Sews- 
Record,  Apr.  18,  1918. 
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compared  to  its  radius  of  curvature  that  the  internal  stresses  can  be  determined  without  appre- 
ciable error  by  the  methods  given  in  the  chapter  on  Bending  and  Direct  Stress  in  Sect.  1. 

An  algebraic  solution  will  be  given  for  the  conditions  shown  in  Fig.  223,  which  represents  a 
portion  of  an  arch  hinged  at  A  with  all  forces  in  position.  The  internal  stresses  are  repre- 
sented by  a  moment,  M]  a  thrust,  T;  and  a  shear,  V.  These  internal  stresses  can  be  deter- 
mined bj'-  summations  of  moments  and  of  vertical  and  horizontal  forces  taken  about  the  center 
of  gravity  of  the  section,  including  all  external  applied  loads  and  reactions.  Thus  from  Fig. 
223 

M  =  +Vix  -  H^y  -  Pia  -  P^b  =  l^M  (12) 

If  SF  =  Fi  —  Pi  cos  Oi  —  Pi  cos  e-2.  and  'ZH  =  Hi  +  Pi  sin  di  +  Po  sin  62,  which  are  respect- 
ively the  summations  of  vertical  and  horizontal  external  forces,  we  have 

T  =  (SF)  sin  a  +  (Sfl")  cos  a  (13) 

and 

F  =  (SF)  cos  a  -  (ZH)  sin  a  (14) 

where  a  is  the  angle  which  the  tangent  to  the  arch  axis  makes  with  the  horizontal. 

Having  given  the  internal  forces  acting  on  any  section,  the  fiber  stresses  can  be  determined 
from  the  expressions 

/.  =  ^ 
and  ^  ;!    \  (15) 

/2  =  4  -  M 


A^        I 


A  I 

where  T  and  M  are  as  given  above;  /i  and  /2  =  the  fiber  stress  on  the  extreme  upper  and  lower 
fibers,  respectively;  Ci  and  C2  =  the  corresponding  distances  from  the  extreme  fibers  to  the 
center  of  gravity  of  the  section;  and  A  and  /  = 
area  and  moment  of  inertia  of  the  section  re- 
spectively. The  derivation  of  these  equations  is 
explained  in  the  chapter  on  Bending  and  Direct 
Stress  in  Sect.  1.  For  the  conditions  shown  in 
ijFig.  223,  the  fiber  stresses  given  in  eqs.  (15)  are 
compressive.  If  on  substituting  in  these  equa- 
tions the  sign  is  reversed,  the  resulting  stresses 
are  tensile. 

A  graphical  solution  for  internal  stresses  is 
shown  in  Fig.  224.  This  solution  requires  the 
construction  of  the  force  and  equilibrium  polygons. 
Fig.  224  shows  these  polygons  in  part  for  certain 
assumed  loads  and  reactions.  Since  the  string  R 
of  the  equilibrium  polygon  is  the  resultant  of  all 
fasces  on  either  side  of  the  section,  we  have 

M  =  Rd  (16) 

where  d  is  the  perpendicular  distance  from  R  to 
the  center  of  gravity  of  the  section  under  con- 
sideration.    This  moment  can  also  be  expressed  in  other  terms.     If  e  of  Fig.  (a)  represent  the 
distance  from  the  center  of     gravity  of  the  section  to  the  intersection  of  the  plane  of  the  section 
produced  and  the  line  of  action  of  R,  and  if  Rt  =  component  of  R  parallel  to  a  tangent  to  the 
arch  axis  at  the  section  in  question,  then 

M  =  Rre  (17) 

Again,  if  Rg  =  horizontal  component  of  R,  and  y  =  vertical  distance  from  center  of  gravity  of 
section  to  line  of  action  of  R,  as  shown  in  Fig.  (a),  then 

M  =  Rny  (18) 

The  values  of  Rt  and  Rn  are  readily  determined  from  the  force  polygon  of  Fig.  (6)  by  resolving 
R  into  the  required  components.     Values  of  T  and  F  are  obtained  from  the  force  polygon  by 


and 


(19) 
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resolving  R  into  components  parallel  and  perpendicular  to  the  tangent  to  the  arch  axis  at  the 
section  in  question,  as  shown  in  Fig.  (b). 

Fiber  stresses  can  be  determined  by  the  use  of  eqs.  (15),  substituting  values  of  M  and  7 
as  determined  above.  These  equations  can  be  modified  some  what  and  the  fiber  stresses  car 
be  determined  from  the  values  of  T  and  e  of  Fig.  (a).  From  eq.  (17)  and  Fig.  (a),  Rt  =  T. 
and  hence,  M  =  Te.  Substituting  this  value  of  M  in  eq.  (15)  and  also  noting  that  /  =  Ar^, 
where  A  =  area  of  the  section,  r  =  its  radius  of  gyration,  these  equations  can  be  written  in  the 
form 

In  some  cases  the  desired  results  are  obtained  more  directly  by  the  use  of  eq.  (19)  than  by  the 
use  of  eq.  (15). 

The  graphical  methods  of  calculation  given  above  are  general  and  apply  to  all  t3'pes  of 
arches.  However,  the  distances  d,  e,  and  y  shown  in  Fig.  224  (a)  are  often  so  small  that  they 
can  not  be  determined  with  the  desired  degree  of  precision.  Under  such  conditions,  the  mo- 
ments should  be  calculated  by  algebraic  methods,  using  eqs.  (12). 

Methods  of  stress  calculation  similar  to  those  outlined  above  can  also  be  applied  to  the 
braced  arch.  Fig.  224  (c)  shows  a  section  cut  through  any  panel  of  a  braced  arch.  To  deter- 
mine the  stress  Si  in  a  chord  member,  take  moments  about  point  A,  the  intersection  of  the  other 
members  cut  by  the  section.  Since  R  is  the  resultant  of  all  external  forces  to  the  left  of  the 
section,  we  have 

Si  =  Ra/b 

where  a  and  b,  respectively,  are  the  lever  arms  of  R  and  Si,  as  scaled  from  the  drawing.  The 
stress  in  S2  can  be  obtained  from  a  similar  equation  about  B.  If  members  aSi  and  52  intersect 
within  the  limits  of  the  drawing,  the  stress  in  S3  can  be  determined  by  moments  taken  about 
the  intersection  point.  If  they  do  not  intersect  within  the  limits  of  the  drawing,  a  resolution 
equation  can  be  taken  for  an  axis  perpendicular  to  one  of  the  chord  members. 

171.  Loading  Conditions  for  Arch  Trusses.— The  loads  to  be  carried  by  an  arch  roof  truss 
can  be  determined  from  the  data  given  in  the  chapter  on  Roof  Trusses — General  Design  by 
methods  similar  to  those  used  in  the  preceding  chapters  on  the  design  of  wooden  and  steel  roof 
trusses.  In  most  cases  the  slope  of  the  roof  surface  is  not  uniform,  as  in  the  cases  considered 
in  the  preceding  chapters,  for  it  is  made  to  conform  to  the  contour  of  the  top  chord  of  the  arch. 
As  the  wind  and  snow  loads  depend  for  their  value  on  the  roof  slope,  the  wind  and  snow  panel 
loads  for  arch  trusses  will  vary  with  the  location  of  the  panel  point.  An  application  of  the 
methods  of  calculation  is  given  in  the  problem  of  Art.  172. 

Formulas  for  the  weight  of  arch  trusses  which  will  apply  to  all  types  of  arch  structures  are 
not  available,  as  structures  of  this  type  varj^  so  widelj^  in  form  and  in  class  of  service  that  suffi- 
cient consistent  and  reliable  information  has  never  been  collected  on  which  to  base  a  formula. 
In  general,  the  designer  must  draw  conclusions  regarding  the  probable  weight  of  the  arch  to  be 
designed,  either  from  existing  structures  of  the  same  size,  or  from  his  judgment  based  on  passed 
experience.  After  a  design  has  been  made,  based  on  an  assumed  dead  weight,  the  true  weight 
of  the  structure  should  be  calculated  and  the  assumed  weight  revised,  if  found  necessary. 
From  an  examination  of  the  weights  of  existing  arches,  it  was  found  that  the  weight  per  square 
foot  of  covered  area  may  be  anywhere  from  10  to  25  lb.,  depending  upon  the  span  length, 
spacing  of  trusses,  and  the  specified  loading  conditions. 

Maximum  stresses  in  the  members  of  arch  trusses  are  to  be  determined  for  loading  condi- 
tions similar  to  those  used  for  simple  roof  trusses.  In  general  the  following  loading  conditions 
are  used:  (a)  dead  load,  (fe)  snow  load  on  left  side  of  roof,  (c)  snow  load  on  right  side  of  roof,(rf) 
snow  load  on  whole  roof,  (c)  wind  load  on  left  side  of  roof,  and  (f)  wind  load  on  right  side  of 
roof. 

In  combining  the  stresses  due  to  these  loads  in  order  to  obtain  maximum  stresses,  most 
designers  assume  that  snow  and  wind  loads  do  not  act  on  the  roof  at  the  same  time.     Others 
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issume  conditions  similar  to  those  used  in  the  preceding  chapters.     This  is  a  matter  on  which 

he  designer  must  use  his  judgment.     In  making  up  the  maximum  stresses  in  the  members, 

he  dead  load  stresses  should  be  combined  with  the  snow  or  wind  load  stress  which  will  produce 

;reatest  tension  and  greatest  compression  in  the  members.     It  must  be  remembered,  in  this 

onnection,  that  the  wind 

,nd    snow    load    stresses 

nay    be    of    the     same 

haracter     as    the    dead 

oad     stresses,     or    they 

nay   differ  in  character. 

n  the  latter  case,  if  they 

ixceed     the    dead     load 

tresses,    a     reversal    of 

tress    will   occur.     This 

nformation   must  be   at 

land     before    a    correct 

lesign   of   members    can 

)e  made. 

172.  Determination  ^ 
>f  Stresses  in  a  Typical 
Three-Hinged  Arch 
Truss. — The  methods  of 
tress  calculation  out- 
ined  in  Art.  170c?  will 
low  be  applied  to  a 
ypical  three-hinged  arch 
)f  the  dimensions  shown 
Fig.  225.  This  arch 
las  a  span  of  125  ft.,  c.  to 
of  end  pins,  and  a  rise 
)f  41^^  ft.  The  type  of 
raming  adopted  divides 
,he  truss  into  panels  of 
7.5  ft.,  as  shown  in  Fig. 
225.  Purlins  will  be 
alaced  at  alternate  panel 
joints.  The  distance 
Detween  trusses  will  be 
aken  as  30  ft.  It  will 
36  assumed  that  the  sides 
if  the  building  consist  of 
self-supporting  masonry  walls.  No  part  of  the  weight  of  the  walls  will  be  assumed  as  carried 
3y  the  trusses.  It  will  be  assumed,  however,  that  the  roof  load  at  point  D  of  Fig.  225  is  carried 
Dy  the  trusses. 

Dead  Load  Stresses. — The  dead  load  stresses  are  to  be  determined  for  the  weight  of  the  roof  covering  and  the 
veight  of  the  trusses.  It  will  be  assumed  that  the  roof  covering  consists  of  tile  or  slate  laid  on  2-in.  plank,  which 
ire  supported  by  rafters.  These  rafters  will  be  assumed  to  be  placed  parallel  to  the  trusses,  and  will  be  assumed  to 
)e  supported  by  purlins  of  the  type  described  in  Art.  174.  Design  methods  for  the  roofing  and  the  rafters  are  given 
n  the  chapter  on  Roof  Trusses — General  Design.  A  roof  covering  of  the  assumed  type  will  be  found  to  weigh 
ibout  20  lb.  per  scj.  ft.  of  roof  surface.     The  weight  of  the  trusses  is  determined  by  methods  outlined  in  Art.  171. 

t  will  be  assumed,  as  a  basis  for  a  preliminary  design,  that  the  weight  of  the  trusses  and  purlins  is  10  lb.  per  sq.  ft 
)f  horizontal  covered  area. 

The  panel  loads  due  to  the  roof  covering  and  the  dead  weight  of  the  arch  will  be  assumed  to  be  concentrated 
it  the  point  of  attachment  of  the  purlins.     As  the  roof  load  is  given  in  pounds  per  sq.  ft.  of  roof  surface,  and  since 

he  roof  area  tributary  to  the  purlins  depends  upon  the  slope  of  the  roof,  the  panel  loads  due  to  the  roofing  will 
rary.     Since  the  dead  weight  is  given  in  pounds  per  sq.  ft.  of  horizontal  covered  area,  the  part  of  the  panel  lead  due 


Fig.  225. — Truss  diagram — typical  three-hinged  arch. 
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to  the  weight  of  the  trusses  will  be  the  same  at  all  points,  for  the  horizontal  spacing  of  the  purlins  is  taken  as  1; 
ft.,  as  shown  in  Fig.  225. 

To  illustrate  the  methods  used  in  calculating  panel  loads  from  the  above  data,  the  dead  panel  load  for  poin 
F  of  Fig.  225  will  be  determined.  In  calculating  the  roof  area  tributary  to  point  F,  it  will  be  assumed  that  point 
E,  F,  and  G  are  joined  by  straight  lines.  For  the  dimensions  shown  on  Fig.  225,  E-P  =  16.3  ft.,  and  F-G  =  15 
ft.     As  stated  above,  the  roofing  weighs  20  lb.  per  sq.  ft.,  and  the  trusses  are  spaced  30  ft.  apart.     The  roofing  pane 


Fig.  227. — Loading  diagrams — snow  load  stresses. 


is  10  X  15  X  30  =  4500  lb. 


Fig.  226. — Dead  load  stress  diagram — ■ 
stresses  in  members  of  left  half  of  arch. 

load  at  F  is  then  M  (16.3  +  15.5)  X  30  X  20  =  9540  lb.  By  similar  methods,  the  roofing  panel  loads  at  othe. 
points  are  as  follows:  D,  5550  lb.;  E,  10,400  lb.;  G,  9180  lb.;  and  H,  6300  lb.  Assuming  that  the  trusses  and  purlins 
weigh  10  lb.  per  sq.  ft.  of  horizontal  covered  area,  as  stated  above,  the  dead  panel  load  due  to  trusses  and  purlins 
^^  p^.^^  j^^  where  the  horizontal  projection  is  11.5  ft.,  the  panel  load  is  3450  lb.     As 

the  weight  of  several  members  is 
probably  transferred  to  joint  D,  if 
will  be  assumed  that  a  full  pane] 
of  truss  weight  is  carried  at  this 
point.  Adding  the  loads  due  tc 
the  roofing  and  the  truss  dead 
weight,  the  total  panel  loads  at  the 
several  joints  are  as  follows;  D, 
10,050  lb.;  E,  14,900  lb.;  F,  14,040 
lb.;  G,  13,680  lb.;  and  H,  9750  lb. 
These  panel  loads  are  shown  in 
position  on  Fig.  225. 

The  reactions  at  the  hinges  A 
and  C  due  to  dead  load  are  calcu- 
lated by  the  methods  given  in  Art. 
170a.  Since  the  dead  panel  loads 
are  all  vertical,  and  are  symmetri- 
cally placed  with  respect  to  the 
center  hinge,  the  vertical  com- 
ponent of  the  reaction  at  ^  is  evi- 
dentlj'  equal  to  the  sum  of  the 
panel  loads  on  one  side  of  the 
center  of  the  arch,  or,  V\  = 
62,420  lb.  The  horizontal  com- 
ponent of  the  reaction  at  A  is  equal  to  the  moment  about  C  divided  by  the  rise  of  the  arch.  For  the  loads  and 
dimensions  shown  in  Fig.  225, 

_  62,420  X    62.5  -  9750  X   4  -  13,680  X  19  -  14,040  X  34  -  14,900  X  49  -  10,050  X  64 
"' 4j7g7 =  42,000  lb. 

Since  all  of  the  loads  are  vertical  the  reaction  at  hinge  C  is  horizontal  and  equal  to  Hi. 

In  the  case  under  consideration,  algebraic  methods  are  readily  applied  to  the  determination  of  the  reactions 
as  all  of  the  lever  arms  can  be  obtained  from  Fig.  225  without  further  calculation,  except  simple  addition.  While 
graphical  methods  can  be  applied  to  this  case,  little  is  to  be  gained  thereby.  The  algebraic  method  of  calculation 
is  therefore  recommended. 

The  stresses  in  the  members  of  the  arch  due  to  the  applied  loads  shown  on  Fig.  225  and  the  reactions  calculated 
above  are  readily  determined  by  the  graphical  methods  of  stress  analysis  given  in  Sect.  1.  Fig.  236  gllQWS  the 
stress  diagram  as  drawn  fpf  the  left  side  of  the  arch. 


Fig.   228. — Snow  load  stress  diagram. 
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Wind  load  stress  diagram. 


In  constructing  stress  diagrams  of  the  kind  shown  in  Figs.  226  to  229,  great  care  must  be  used  in  drawing  the 
diagrams,  for,  to  be  correct,  the  diagram  must  close.  That  is,  suppose  that  the  diagram  is  begun  at  point  A  of 
Fig.  225,  and  carried  forward  to  point  C.  If  the  diagram  is  accurately  drawn,  the  resultant  of  the  stres.ses  in 
member?  g-22  and  /-22  at  joint  C  will  be  equal  to  TJa,  the  hinge  reaction  at  C.  In  Fig.  226,  exact  closure  of  the 
stress  diagram  is  obtained  when  the  horizontal  components  of  1-22  and  g-22  are  equal  to  l-y,  and  when  point  22  is 
directly  over  point  21.  The  effect  of  cumulative  errors  on  the  closure  of  the  diagram  can  be  reduced  by  starting 
the  diagram  at  point  A  and  carrying  it  about  half  way  across  the  frsnif  work.  Another  start  can  then  be  made  at 
point  C,  and  closure  made  on  the  part  of  the  diagram  already  drawn.  It  will  usually  be  found  that  closing  errors 
can  be  reduced  by  this  method. 

Accurate  construction  of  stress  diagrams  is  greatly  facilitated  if  the  truss  diagram,  shown  by  Fig.  225,  is  drawn 
to  a  large  scale.  This  results  in  long  lines,  from  which  the  slope  of  the  members  can  readily  be  obtained.  If  a  small 
size  truss  diagram  is  used,  the  lines  are  so  short  that  an  accurate  determination  of  the  true  slopes  is  impossible. 
The  stress  diagrams  should  be  drawn  to  a  scale  which  will  result  in  lines  which  can  be  drawn  with  triangles  not  ex- 
ceeding about  the  12-in.  size.  This  avoids  inaccuracies  resulting  from  lines  drawn  by  several  shifts  of  the  triangle. 
.\lso,  the  stress  diagram  should  be  located  as  close  to  the  truss  dia- 
gram as  possible,  in  order  to  avoid  transferring  lines  for  a  long  dis- 
tance, which  is  certain  to  result  in  inaccurate  work. 

It  is  best  to  make  frequent  checks  on  the  graphical  work  by 
means  of  stresses  calculated  by  the  algebraic  method  explained  in 
Art.  170o.  Stresses  in  chord  members  are  readily  calculated  by 
the  method  shown  in  Fig.  224(c),  and  form  a  convenient  check.  If 
the  graphical  and  algebraic  methods  do  not  check,  it  is  well  to  revise 
the  graphical  work  before  proceeding  with  the  construction  of  the 
diagram. 

Snow  Load  Stresses. — Stresses  due  to  snow  load  are  to  be  de- 
termined for  three  conditions  of  loading,  as  stated  in  Art.  171. 
These  conditions  are  (a)  snow  load  on  left  side  of  roof,  (6)  snow 
load  on  right  side  of  roof,  and  (c)  snow  load  on  whole  roof. 

The  panel  loads  due  to  snow  are  to  be  determined  from  the 
data  given  in  Table  8,  p.  467.  Since  the  roof  slope  varies,  the  unit 
snow  load  will  depend  upon  the  location  of  the  panel  point.  Several 
different  assumptions  can  be  made  regarding  the  variation  in  the  snow  load.  For  the  case  under  consideration, 
it  will  be  assumed  that  the  outside  roof  surface  is  an  arc  of  a  circle,  and  that  the  unit  snow  load  for  the  area 
tributary  to  any  panel  point  is  equal  to  the  load  for  a  plane  tangent  to  the  roof  surface  at  the  panel  point. 

Thus  at  point  F  of  Fig.  225,  a  plane  tangent  to  the  roof  surface  makes  an  angle  of  about  18  deg.  30  min.  with 
the  horizontal.  It  can  be  shown  that  this  angle  corresponds  closely  to  a  pitch  of  J^,  as  defined  in  the  chapter  on 
Roof  Trusses — General  Design.  From  the  table  of  snow  loads  referred  to  above,  the  snow  load  per  sq.  ft.  of  roof 
surface  for  a  tile  roof  of  }i  pitch  located  in  the  Central  States  is  30  lb.  By  methods  similar  to  those  used  above  for 
the  dead  panel  load  due  to  roofing,  it  will  be  found  that  the  snow  panel  load  for  point  F  is  J^  (16.3  -|-  15.5)  X  30 
X  30  =  14,300  lb.  Panel  loads  at  other  points  are  as  follows:  Z)  =  0  (slope  45  deg.,  unit  snow  load  =  0);  E  = 
57401b.  (slope  =  30  deg.,  unit  snow  load  =  11  lb.);  G  =  13,8001b.  (slope  practically  flat,  unit  snow  load  =  30  1b.); 
H  =  10,350  lb,  (slope  =  flat,  unit  snow  load  =  30  lb.). 

In  tabulating  the  stresses  in  a  symmetrical  three-hinged  arch,  it  is  usual  to  make  a  table  containing  the  mem- 
bers of  the  left  half  of  the  arch.  Table  1,  in  which  the  stresses  for  the  arch  of  Fig.  225  are  tabulated,  contains  the 
members  of  the  left  half  of  the  arch.  All  stresses  required  in  Table  1  for  the  three  snow  loading  conditions  can  be 
determined  from  stress  diagrams  drawn  for  all  members  of  the  arch  due  to  snow  loads  on  one  arm  of  the  arch,  no 
load  on  the  other  arm,  as  shown  in  Fig.  227(a). 

The  reactions  at  the  points  of  support  and  at  the  crown  hinge  due  to  the  loading  shown  on  Fig.  227(n)  can  be 
determined  by  the  methods  given  in  Art.  170o.  These  reactions  are  as  follows,  using  the  notation  shown  on 
Fig.  227:  Vi  =  30,600  lb.;  Hi  =  20,400  lb.;  V3  =  13,590  lb.;  H3  =  20,400  lb.;  V^2  =  13,590  lb.;  and  Hi  =  20,400 
lb.  All  forces  act  as  shown  in  Fig.  227.  A  graphical  solution  of  the  reactions  can  be  made  by  the  method  shown 
in  Fig.  221. 

The  stresses  in  the  members  of  the  left  half  of  the  arch  for  case  (a),  loads  on  the  left  half  of  the  arch,  are  given 
by  a  stress  diagram  drawn  for  the  loading  conditions  of  Fig.  227(fc).  This  stress  diagram  is  shown  in  Fig.  228(a). 
The  stresses  scaled  from  this  diagram  are  recorded  in  col.  2  of  Table  1.  Stresses  in  the  members  of  the  left  half  of 
the  arch  for  case  (6),  loads  on  the  right  half  of  the  arch,  are  given  by  the  stress  diagram  of  Fig.  228(t),  which  is 
drawn  for  the  loading  conditions  shown  in  Fig.  227(c).  It  will  be  noted  that  the  loading  conditions  shown  in 
Fig.  (c)  are  opposite  hand  of  those  for  the  right-hand  half  of  the  arch,  loads  on  the  left  half,  as  shown  in  Fig.  (a). 
Stresses  scaled  from  the  stress  diagram  of  Fig.  228(b)  are  recorded  in  col.  3  of  Table  1.  The  stresses  for  members 
of  the  left  half  of  the  arch  for  case  (c),  loads  on  the  whole  arch,  can  be  obtained  by  adding  the  stresses  given  in 
Figs.  22S(a)  and  (b)  for  the  member  in  question.     These  stresses  are  recorded  in  col.  4  of  Table  1. 

Wind  Load  Stresses. — As  in  the  case  of  the  wooden  and  steel  simple  roof  trusses  designed  in  the  preceding 
chapters,  it  will  be  assumed  that  the  working  stresses  for  wind  loads  are  50%  larger  than  those  for  dead  and  snow 
loads.  Assuming,  as  before,  that  the  working  wind  load  is  30  lb.  per  sq.  ft.,  and  that  the  working  stress  for  wind 
loading  is  24,000  lb.  per  sq.  in.,  the  working  wind  load  to  be  used  for  a  16,000  lb.  unit  stress  is  20  lb.  per  sq.  ft. 
Wind  panel  loads  will  therefore  be  determined  for  a  unit  wind  pressure  of  20  lb.  per  sq.  ft. 

In  determining  the  normal  wind  pressure  to  be  used  at  the  several  panel  points,  the  same  assumptions  will  be 
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made  as  for  snow  panel  loads.  Thus  at  point  F  where  the  slope  of  the  tangent  to  the  roof  surface  corresponds  to  a, 
}i  pitch,  the  normal  wind  pressure,  as  given  by  Table  7,  p.  467,  is  13.9  lb.  per  sq.  ft.  of  roof  surface.  The  resulting 
panel  load  is  >2(16.3  +  15.5)  X  30  X  13.9  =  6000  lb.,  acting  normal  to  the  roof.  By  methods  similar  to  those 
used  for  the  snow  panels  loads,  it  will  be  found  that  the  wind  panel  loads  at  the  other  points  are  as  follo^}■8:  D  = 
5250  lb.  (slope  =  45  deg.,  unit  wind  load  =  18.9  lb.);  E  =  8350  lb.  fslope  =  30  deg.,  unit  wind  load  =  16  lb.); 
G  =  2800  lb.  (slope  =  about  9  deg.,  unit  wind  load  =  6.1  lb.);  and  H  =  O  (slope  flat).  These  loads  are  shown  in 
position  on  Fig.  225.  Since  the  side  walls  are  assumed  to  be  self-supporting,  it  will  be  assumed  that  the  wind  loads 
in  these  walls  are  carried  directly  to  the  foundations  without  causing  any  stress  in  the  members  of  the  arch  trusses. 
If  the  construction  is  such  that  the  arch  carries  the  horizontal  wind  load,  the  wind  panel  loads  can  be  calculated  by 
methods  similar  to  those  used  in  the  chapter  on  the  Detailed  Design  of  a  Truss  with  Knee-braces. 

The  reactions  due  to  wind  loads  will  be  determined  by  graphical  methods,  for  the  work  required  by  a  graphical 
solution  will  be  found  to  be  considerably  less  than  that  required  by  an  algebraic  solution.  Using  the  method 
given  in  Fig.  221  of  Art.  170a,  the  final  equilibrium  polygon  is  shown  in  position  in  Fig.  225.  The  resulting  re- 
actions are  shown  to  scale  on  the  force  polygon  of  Fig.  229. 


Table  1. — Stresses  in  a  Three-hinged  Arch  Roof  Truss 
(Fig.  225) 


Member 

Dead  load 

(1) 

Snow  load 

Left  side 

loaded 

(2) 

Snow-load 

Right  side 

loaded 

(3) 

Snow  load 

Both  sides 

loaded 

(4) 

Wind  load 
Left  side 
loaded 

(5) 

Wind  load 

Right  side 

loaded 

(6) 

Maximum 
tension 

(7) 

Maximum 
com- 
pression 

(8) 

73 

o 

a 
o 

b-1 

-1-   4,500 

+  2,250 

+  12,250 

+  14,500 

-  10,000 

+   4,930 

19.000 

5.500 

6-2 

-1-   4,000 
+  45,900 

+  1,900 

+  10,500 

+  12,400 

-8,600 

+   4,220 

16.400 

4,600 

6-4 

+  22,300 

+  32,100 

+  54,400 

-11,900 

+  12,900 

100,300 

6-6 

+  32,000 

+  15,600 

+  28,600 

+  44,200 

-  14,900 

+  11,500 

76,200 

c-7 

+  29,600 

+  10,800 

+  20,200 

+  31,000 

- 10,300 

+   8,200 

60,600 

c-9 

+  26,200 

+  4,200 

+  29,500 

+33,700 

-  19,200 

+  11,850 

59,900 

d-11 

+  23,500 

-   4,500 

+  34,500 

+  30,000 

-25,900 

+  13,900 

53,500 

2,400 

d-13 

+  11,200 

-  18,900 

+  36,000 

+  17,100 

-28,200 

+  14,500 

47,200 

17,000 

e-15 

+     5,000 

-23,100 

+  33,100 

+  10,000 

-26,400 

+  13.300 

38,100 

21,400 
38,600 

e-17 

-     8,500 

-30,100 

+  25,600 

-   4,500 

-22,100 

+  10,300 

17,100 

/-19 

-    11,800 

-23,100 

+  14,000 

-    9,100 

-  15,000 

+   5,630 

2,200 

34,900 

/-21 

-   21,200 

-  18,200 

-       900 

-19.100 

-    7,750 

-       360 

40,300 

ff-22 

-   26,000 

-  23,800 

-    1,500 

-25,300 

-   9,700 

-600 

51,300 

•a 
o 

s 

O 

o 

03 

I- 1 

-  V7,000 

-37,900 

-28,000 

-  65,900 

-    6,500 

-11,300 

,     142,900 

1-3 

-  108,900 

-53,600 

-46,000 

-99,600 

-   2,350 

-  18,500 

1     208,500 

1-5 

- 106,000 

-52,000 

-47,600 

-99,600 

+       900 

-19,200 

205,600 

1-8 

-   92,500 

-41,000 

-51,500 

-92,500 

+   9,100 

-20,700 

185,000 

I-IO 

-   79,500 

-29,700 

-56,200 

-85,900 

+  18,100 

-22,600 

165,400 

1-12 

-   71,800 

-  18,700 

-  58,800 

-77,500 

+  19,800 

-  23,600 

}     149,300 

;-i4 

-56,700 

-   2,900 

-58,000 

-60,900 

+  22,000 

-23,400 

117,600 

2 
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1-16 

(1) 
-   48,800 

(2) 
+   2,000 

(3) 
-54,300 

(4) 
-52.300 

(5) 
+  18,300 

(6) 
-21.800 

(7) 

(8) 
103,100 

« 

1-18 

-34,000 

+  9,300 

-46,200 

-36,900 

+  14,100 

-18.600 

80,200 

i 

1-20 

-30,300 

+  2.600 

-34,300 

-31,700 

+  6,650 

- 13,800 

62,000 

k 

1-22 

-26,000 

-   2.200 

-24,000 

-26,200 

-       600 

-   9,650 

52,200 

1-2 

-      2,500 

-    1,100 

-   6,200 

-   7,300 

+   5,150 

-    2.500 

2.650 

9,800 

i 

'i 

3-4 

-    27,200 

-13,300 

-  14,200 

-27,500 

+    2,200 

-   5,700 

54,700 

» 

5-6 

+     6,600 

+    3,100 

+  1,600 

+  4,700 

+   1,420 

+       850 

11.300 

7-8 

-      4,500 

-   8.200 

+  10,300 

+  2,100 

- 10,300 

+   4,150 

5,800 

14.800 

9-10 

-    19,600 

-  15,300 

+  3,800 

-11,500 

-  10,700 

+    1,500 

34.900 

11-12 

-    13,000 

-  13,800 

-       600 

-  13,200 

-       800 

-       240 

26,800 

i; 

13-14 

-   20,000 

-16,800 

-   4,900 

-21,700 

-       700 

-    1,970 



41,700 

n 

15-16 

-    12,000 

-   4,600 

-  8,200 

-  12,800 

+  5,180 

-   3,300 

24,800 

17-18 

-    16,000 

-   6,700 

-11,200 

-  16,900 

+  5,050 

-   4,500 

32,900 

19-20 

-      5,900 

+  5,900 

-13,100 

-   7,200 

+   6,850 

-    5,260 

950 

19,000 

" 

21-22 

+     6,500 

+  5.200 

+   1,000 

+  6,200 

+   6,200 

+       400 

12,700 

■ 

"3 

p 
o 
tc 

5 

2-3 

+   50,000 

+  24,500 

+  25,800 

+  50,300 

-    3,900 

+  10,400 

100,300 

- 

4-5 

-    15,200 

-   7,300 

-3,800 

-11,100 

-3,350 

-    1.530 

26.300 

" 

6-7 

-   33,200 

-  12,200 

-  22,500 

-34,700 

+  6,500 

-   9.050 

67,900 

- 

8-9 

+      1,500 

+  6,000 

-11,600 

-   5,600 

+  10,400 

-   4.660 

11,900 

10,100 

- 

10-11 

+      1,500 

+  9,100 

-   7,000 

+  2.100 

+  3,300 

-   2,820 

10,600 

5,500 

- 

12-13 

+    12,500 

+  16,000 

-   2,800 

-  13.200 

+   3,500 

-    1,130 

28,500 

700 

- 

14-15 

+     6,200 

+  5,500 

+   1,400 

+  6,900 

-   3,150 

+       570 

13.100 

- 

16-17 

+   16,000 

+  8,500 

+  7,800 

+  16.300 

-   4,500 

+  3.140 

32,300 

- 

18-19 

+     4,100 

-   8,000 

+  13,500 

+   5.500 

-   8.700 

+   5.430 

17,600 

4,600 

- 

20-21 

+   11,800 

-   6,000 

+  18,600 

+  12,600 

-   8,950 

+   7.500 

30,400 

- 

B 

0 

oi 

Vi 

+  62,420 

+  30.600 

+  13,590 

+  44.190 

+  14,200 

Hi 

+   42,000 

+  20,400 

+  20.400 

+  40,800 

-    1,850 

+   5.450 

- 

v. 

0 

+  13,590 

-  13.590 

0 

+   5,450 

+   8,250 

Hi 

+   42,000 

+  20,400 

+  20,400 

+  40,800 

+   8,250 

-   5,450 

Rz 

42,000 

24,500 

24,500 

40,800 

9.850 

9,850 

1 

- 
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the  arch  due  to  wind  loads  on  the  right  side  of  the  crown  hinge  can  be  determined  by  ratio  from  the  snow  load 
stresses  for  the  corresponding  condition  of  loading.  This  short  cut  is  possible  because  for  loads  on  the  right  side 
of  the  arch,  stresses  in  members  of  the  left  half  of  the  arch  are  due  to  the  action  of  the  right  half  against  the 
left  half.  As  shown  in  Figs.  221  and  227  (a),  this  action  can  be  represented  by  a  force  acting  on  a  line  connecting 
the  crown  and  abutment  hinges.  Therefore  tlie  wind  stresses  required  for  col.  6  of  Table  1  can  be  obtained  by 
multiplying  the  stresses  given  in  col.  3  by  the  ratio  of  the  reactions  at  the  supporting  hinges  for  the  two  cases. 
From  Fig.  228  (b),  the  reaction  at  A  for  snow  load  on  the  right  half  of  the  arch  is  24,500  lb.  The  reaction  at 
A  for  wind  loads  on  the  right  half  of  the  arch  is  the  same  as  that  given  in  Fig.  229  for  the  right-hand  support, 
whicn  is  found  to  be  9850  lb.  Hence,  if  the  stresses  in  col.  3  are  multiplied  by  9850/24,500  =  0.402,  the  resulting 
stresses  will  be  the  values  required  for  members  of  the  left  half  of  the  arch  due  to  wind  loads  on  the  right  half. 
These  stresses  are  shown  in  col.  6  of  Table  1. 

Maximum  Stresses  in  Members.  The  maximum  stresses  in  the  members  of  the  arch  under  consideration  will  be 
calculated  on  the  assumption  that  wind  and  snow  loads  do  not  act  at  the  same  time.  Table  1  gives  the  possible 
combinations  of  the  dead  load  stresses  and  the  snow  or  wind  stresses  which  will  result  in  the  greatest  tension  and 
compression  in  the  several  members. 

173.  Design  of  Members  and  Joints  for  a  Typical  Three-hinged  Arch.— The  principles 
governing  the  selection  of  the  form  of  members  for  arch  trusses,  and  the  design 
of  these  members  are  the  same  as  for  the  trusses  designed  in  the  preceding  chapters.  These 
principles  are  given  in  the  chapter  on  Roof  Trusses— General  Design.  The  apphcation  of  these 
principles  to  the  design  of  arch  trusses  will  be  illustrated  by  a  partial  design  of  members  i  ^ 
and  joint  details  for  the  three-hinged  arch  for  which  the  stresses  have  been  calculated  in'  * 
Art.  172. 

The  form  of  the  members  of  an  arch  truss  will  depend  on  the  amount  of  stress  to  be  carried.  For  the  truss 
under  consideration  in  Art.  172,  it  will  be  found  from  a  study  of  the  stresses  given  in  Table  1,  that  the  stresses 
in  all  members,  except  a  few  of  the  lower  chord  members,  can  be  provided  for  by  sections  composed  of  two  angles. 

The  bottom  chord  mem- 
bers in  which  large  stresses 
exist  can  be  made  of  angles 
and  plates.  Truss  mem- 
bers for  large  arches,  in 
which  very  heavy  stresses 
exist,  can  be  made  of  th« 
same  form  as  those  usee 
in  bridge  truss  work.  The 
trusses  for  the  drill  hall  o; 
the  University  of  Illinois 
described  in  Engr.  Newi 
for  Dec.  11.  1913,  art 
composed  of  I  and  H 
beams.  The  Engr.  Rec 
for  Oct.  7,  1916  contains  a 
description  of  an  archec 
roof  truss  whose  members 
are  composed  of  angles  anc 
plates. 

By  methods  similar  tc 
those  used  in  the  designs 
of  the  preceding  chapters 
it  will  be  found  that  the 
Horizonta/ MoTnenfs  m^'nibers  listed  as  top 
chord  members  in  Table  1 
of  Art.  172  can  be  made 
of  two  6  X  6  X  H-in 
angles,  separated  by  a  >^- 
in.  space  for  gusset  plates 
This  section  furnishes  ex- 
cess area  for  some  of  the  members,  but  since  it  meets  the  requirements  of  most  members,  it  will  be  adoptee: 
throughout.  The  bottom  chord  members  are  subjected  to  somewhat  greater  variations  m  stress  than  the  top 
chord  members.  Adequate  provision  for  all  stresses  will  be  provided  by  the  following  sections:  members  M2  tc 
M4,  two  6  X  6  X  3-^-in.  angles;  members  M2  to  MO,  two  6  X  6  X  ^-in.  angles;  and  members  /-8  to  l-l,  two  6  X 
6  X  H-in.  angles  and  a  14  X  ?^-in.  plate.  All  web  members,  except  a  few  near  the  end  of  the  arch,  can  be  made 
of  two  33-^  X  3  X  Ji-in.  angles.  For  the  other  web  members,  two  5  X  3}^  X  H-in.  angles  will  answer.  Figs 
230  and  232  show  the  general  arrangement  of  members. 

Joint  details  for  the  three-hinged  arch  under  consideration  in  this  chapter  are  designed  by  the  methods  out 
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ined  in  the  chapter  on  Roof  Trusses — General  Design.     With  the  exception  of  the  hinged  joints  at  A  and  C,  the 
ipplication  of  these  principles  is  exactly  the  same  as  for  the  simple  trusses  designed  in  the  preceding  chapters. 

Fig.  230  shows  the  adopted  details  for  the  hinge  joint  at  A  and  a  portion  of  the  lower  end  of  the  arch  truss. 
^8  shown  on  Fig.  230,  the  members'at  the  lower  end  of  the  truss  are  connected  to  a  large  gusset  plate  which  includes 
everal  joints  and  members.  This  is  necessary  because  the  members  are  short  and  the  stresses  are  large,  thus 
equiring  large  joint  details.  A  single  plate  greatly  strengthens  the  end  detail  and  makes  possible  a  very  compact 
oint. 

It  will  be  assumed  that  the  rivets  used  in  the  design  under  consideration  are  Jg-in.  in  diameter,  and  that  the 
llowable  bearing  and  shearing  values  are  24,000  and  12,000  lb.  per  sq.  in.  respectively.  From  Fig.  230  it  can  be 
een  that  the  rivets  connecting  the  members  to  the  plates  are  in  bearing  on  a  J'^-in.  plate.  For  the  allowable  values 
iven  above,  the  rivet  value  is  10,500  lb.  All  of  the  end  details  sho.vn  in  Fig.  230  provide  sufficient  rivets  to  con- 
leot  the  members  to  the  gusset  plates.  It  will  be  noted  that  lug  angles  are  used  on  member  D-F.  These  lugs  are 
sed  in  order  to  reduce  the  size  of  the  end  connection,  and  also  to  provide  a  connection  between  both  legs  of  the 
ngles  and  the  gusset  plate.  This  is  advisable  where  the  stresses  in  the  members  are  large.  The  design  of  lug  angle 
etails  is  considered  in  the  chapter  on  Splices  and  Connections — Steel  Members  in  Sect.  2. 

The  top  and  bottom  chord  members  are  usually  spliced  at  frequent  intervals  in  trusses  with  curved  chords. 
VTien  the  chord  section  consists  of  two  angles,  an  effective  splice  is  furnished  by  a  detail  similar  to  that  used  at  joint 
of  the  steel  roof  truss  designed  in  the  chapter  on  the  Detailed  Design  of  a  Steel  Roof  Truss.  By  using  this  detail, 
he  stress  in  the  horizontal  legs  of  the  angles  is  transferred  across 
he  splice  by  means  of  the  splice  plate,  leaving  only  the  stress  in 
e  vertical  legs  of  the  angles  to  be  transferred  to  the  gusset  plate, 
us  securing  compact  joint  details.  A  similar  detail  can  be  used 
rhere  the  chord  section  consists  of  angles  and  plates.  If  the  joints 
re  milled  so  that  a  bearing  fit  is  assured,  only  enough  rivets  need 
e  provided  to  hold  the  members  in  contact.  Figs.  230  and  232 
how  the  details  adopted  for  the  design  under  consideration. 

The  design  methods  to  be  used  for  the  shoe  and  the  pin  at  joint 
L  depend  upon  the  assumptions  made  regarding  the  action  of  the 
upporting  forces  at  the  abutments.  If  it  be  assumed  that  the 
orizontal  component  of  the  reaction  is  taken  by  a  tie  rod,  the  shoe 
nd  the  supporting  foundation  can  be  designed  for  vertical  forces 
nly.  Fig.  230  shows  a  shoe  designed  on  this  assumption.  If  it  be 
ssumed  that  the  foundations  can  resist  vertical  and  horizontal 
Drees,  the  shoe  must  be  placed  at  an  angle  to  the  vertical,  as  shown       ni  /^^ 
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1   Fig.    231.      Designs  based  on  these  two  assumptions  will  be  con- 
idered  in  detail. 

Consider  first  the  tie  rod  design  shown  in  Fig.  230.  In  this 
esign  it  is  assumed  that  the  horizontal  and  vertical  components  of 
he  reaction  are  taken  respectively  by  the  tie  rod  and  the  shoe, 
able  1  of  Art.  172  shows  that  these  reactions  are  a  maximum  for  dead  load  and  snow  load  on  both  arms  of  the 
rch.  The  horizontal  component  of  the  reaction  is  found  to  be  42,000  +  40,800  =  82,800  lb.,  and  the  vertical 
omponcnt  is  found  to  be  62,420  +  44,190  =  106,610  lb. 

Assuming  that  the  working  stress  in  the  tie  rod  is  16,000  lb.  per  sq.  in.,  the  area  required  is  82,800/16,000  = 
.27  sq.  in.  Two  4  X  ^i-in.  eye-bars  furnish  6.0  sq.  in.  If  the  allowable  bearing  on  a  concrete  foundation  is  taken 
3  400  lb.  per  sq.  in.,  the  area  of  the  base  of  the  shoe  must  be  106,610/400  =  266  sq.  in.  The  shoe  shown  in  Fig. 
30  provides  a  base  area  of  15  X  20  =  300  sq.  in. 

Design  methods  for  the  pin  connecting  the  shoe,  tie  rod,  and  truss  are  given  in  the  chapter  on  Splices  and 
onnections — Steel  Members.  The  size  of  the  pin  is  determined  subject  to  the  following  conditions:  the  bearing 
reas  between  the  members  and  the  pin  must  be  sufficient  to  keep  the  bearing  pressures  within  the  allowable  limits, 
hich  will  be  taken  as  24,000  lb.  per  sq.  in.,  and,  the  extreme  fiber  stress  due  to  bending,  considering  the  pin  as  a 
mple  beam,  must  be  within  the  allowable  limits,  which  will  be  taken  as  25,000  lb.  per  sq.  in. 

The  design  of  the  pin  is  carried  out  by  assuming  the  size  of  pin.  Having  given  the  maximum  load  to  be  carried 
y  the  pin,  the  bearing  areas  required  for  the  several  parts  are  determined.  If  the  parts  butting  on  the  pin  do  not 
irnish  the  required  area,  they  must  be  increased  by  the  addition  of  pin  plates  until  the  proper  area  is  provided, 
ssuming  the  centers  of  pressure  to  be  located  at  the  centers  of  the  bearing  areas,  the  bending  moments  due  to 
le  applied  loads  are  calculated  and  compared  with  the  resisting  moment  provided  by  the  assumed  pin.  If  the 
isumed  pin  is  found  to  be  inadequate,  the  calculations  must  be  revised. 

For  the  case  under  consideration,  a  4J^i-in.  pin  will  be  assumed.  Fig.  230  shows  the  adopted  arrangement  of 
le  joint  details.  The  load  brought  by  the  pin  to  the  shoe  is  equal  to  the  vertical  component  of  the  reaction,  which 
106,610  lb.  At  24,000  lb.  per  sq.  in.,  the  width  of  bearing  required  on  the  webs  of  the  shoe  is  106,610/4,14  X  24,- 
)0  X  2  =  0.518  in.  for  each  web.  Assuming  that  a  cast-steel  shoe  is  used,  the  webs  will  be  made  1  in.  thick,  as 
le  use  of  thinner  material  is  not  advisable. 

The  load  brought  by  the  arch  to  the  pin  is  equal  to  the  resultant  of  the  horizontal  and  vertical  components  of 
le  maximum  reaction,  which  is  due  to  dead  load  and  snow  load  on  both  arms  of  the  arch.  For  the  components 
ven  above,  this  load  is  (82,800=  +  106,6l0=)?'-=  135,000  lb.  The  width  of  bearing  required  at  the  lower  end  of 
e  arch  truss  is  135,000/4J^i  X  24,000  =  1.32  in.  Since  the  main  gusset  plate  at  joint  A  is  >2  in.  thick,  the  width 
bearing  must  be  increased  by  the  addition  of  pin  plates.  Fig.  230(a)  shows  the  adopted  detail.  The  main  angles 
37 
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Fig. 


232. 


are  spread  somewhat,  and  the  space  between  the  angles  is  filled  by  means  of  J^-in.  plates  placed  on  both  side 
of  the  gusset  plate.  To  stiffen  the  plates,  and  also  to  tie  the  main  angles  together,  a  6  X  4  X  ?'g-in.  angle  is  rivpte< 
on  each  side  of  the  plates.  The  total  thickness  of  bearing  provided  by  this  detail  is  212  in.,  which  is  in  excess  o 
that  required,  but  as  a  rigid  detail  is  desired,  it  is  not  advisable  to  use  a  smaller  number  of  plates. 

The  bending  moment  on  the  pin  can  be  determined  by  calculating  the  moments  due  to  the  vertical  and  hori 
zontal  forces,  and  finding  their  resultant.  Fig.  2.30(c)  shows  the  components  of  forces  and  the  lever  arms.  Thes" 
lever  arms  are  determined  for  the  packing  shown  in  Fig.  230(6).  A  clear  space  of  J4  in.  is  provided  between  th. 
several  members.  From  Fig.  (c),  the  vertical  component  of  moment  is  53,305  X  3.0  =  166,500  in. -lb.,  and  thi 
horizontal  component  of  moment  is  41,400  X  1.125  =  46,600  in.-lb.  The  resultant  moment  is  then  (166,500 
+  46/i0b^)'''-=  173,000  in.-lb.     From  the  tables  of  bending  moments  on  pins,  it  will  be  found  that  the  safe  momen 

on    a   43'4-in.    pin   for   an   allowable  fibe 
2^  6x6'x^'\  ^Sp/ice D/afB  stress    of    25,000  lb.  per  sq.  in.  is  188,41( 

^  *■  in.-lb.     The  assumed  pin  will  be  adopte  d 

The  pin  plates  which  were  added  t< 
the  gusset  plate  at  point  A,  in  order  t< 
increase  the  width  of  bearing  on  the  pin 
must  be  fastened  to  the  gusset  plate  s< 
that  all  plates  will  act  as  a  unit.  Assum 
ing  that  the  load  carried  by  each  plate  i 
proportional  to  its  ttickness,  the  loae 
carried  by  each  Js-in-  angle  is  135,000  > 
0.375/2.5  =  20,600  lb.,  and  the  load  car 
ried  by  each  J^-in.  filler  plate  is  135, 00( 
X  0.625/2.5  =  33,800  lb.  As  shown  ii 
Fig.  230(0),  the  rivets  connecting  the  < 
X  4  X  ?8-in.  angles  to  the  plates  are  in  double  shear,  when  both  angles  are  assumed  to  act  together.  For  th' 
allowable  shearing  value  given  above,  the  double  shear  value  of  a  rivet  is  14,400  lb.  Assuming  that  the  twi 
angles  act  together,  the  total  load  to  be  carried  is  2  X  20,600  =  41,200  lb.,  and  the  number  of  rivets  required  i 
41,200/14,400  =  3  rivets.  The  detail  of  Fig.  230(a)  shows  three  rivets  close  to  the  pin  and  four  others  at  the  end 
of  the  angles.  Assuming  that  the  ?8-in.  filler  plates  and  the  angles  on  each  side  of  the  gusset  plate  act  together 
the  total  load  to  be  carried  is  2(33,800  +  20,600)  =  108,800  lb.  As  shown  in  Fig.  230(a),  the  connecting  rivet 
are  in  bearing  on  the  H-in.  gusset  plate,  and  hence  the  number  of  rivets  required  is  108,800/10,500  =  11  rivets 
Fig.  230(a)  shows  14  rivets  in  place  in  the  filler  plates  and  the  angles. 

Fig.  231  shows  the  details  of  a  shoe  designed  to  carry  the  vertical  and  horizontal  components  of  the  reactions 
The  slope  of  the  base  of  the  shoe  is  determined  by  the  condition  that  it  should  be  perpendicular  to  the  resultant  o 
the  maximum  reactions       Fig.  231(6) 

shows  the  amount  and  direction  of  the         °n  r"  .  -Zlf  Sysiyi"  ' 

resultant  reactions  due  to  all  possible 
combinations  of  dead  and  snow  or 
wind  load  reactions.  These  result- 
ants were  plotted  from  the  values 
given  in  Table  1.  It  will  be  noted 
from  Fig.  (6)  that  the  reactions  lie 
close  together,  and  that  a  plane  x-y  at 
a  slope  of  8  in.  in  12  in.  is  normal 
to  the  average  direction  of  these  re- 
sultants. 

The  base  area  required  on  the 
line  a-6  must  be  sufficient  to  provide 
for  the  maximum  reaction  of  135,000 
lb.  which  occurs  for  dead  load  and 
snow  load  on  both  sides  of  the  arch. 
It  is  usual  to  provide  a  short  hori- 
zontal base  area,  shown  by  a-c  of  Fig. 
231(6).     All  details  are  as  shown  on  Fig.  231.     The  design  methods  are  similar  to  those  used  for  Fig.  230. 

Fig.  232  shows  the  details  of  the  pin  joint  at  the  crown  hinge,  and  a  portion  of  the  truss.  The  design  method- 
for  the  pin  and  the  pin  plates,  and  for  the  end  connections  of  the  members,  are  the  same  as  for  the  detail  of  Fig.  230 

174.  Bracing  for  Arch  Trusses. — The  general  plan  of  the  bracing  for  an  arch  truss  is  quit<  n^ 
similar  to  the  one  designed  in  the  chapter  on  the  Detailed  Design  of  a  Truss  With  Knee- 
Braces.     Since  the  trusses  are  large  and  must  be  rigidly  braced,  lateral  systems  are  generallj  r 
placed  between  every  other  pair  of  trusses.     In  the  plane  of  the  vertical  side  walls,  bracing  L 
placed  in  every  bay.     A  very  good  idea  of  the  form  and  arrangement  of  the  required  bracini  ^. 
can  be  obtained  from  the  description  of  the  University  of  Illinois  drill  hall,  which  is  given  ir 
the  Engr.  News  for  Dec.  11,  1913,  and  from  the  description  of  the  Springfield  Coliseum  giver^ 
in  Engr.  Rec.  for  Oct.  7,  1916,  to  which  the  reader  is  referred. 
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Fig.  233. 
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The  trussed  purlins  which  connect  the  trusses  at  alternate  panel  points,  form  part  of  the 
(racing  as  well  as  acting  as  purlins.  Fig.  233  shows  the  details  of  these  purlins,  which  are 
lonnected  to  the  vertical  truss  members  at  the  points  shown  in  Fig.  225.  The  purlins  are  de- 
igned to  carry  the  roof  load  and  the  maximum  snow  or  wind  loads.  Fig.  233  shows  the  adopted 
ections.  The  lower  chord  members  of  the  end  panels  are  sloped  so  that  the  lower  chord  member 
if  the  purlin  is  connected  to  the  vertical  members  of  the  arch  near  the  foot  of  these  members. 


ORNAMENTAL  ROOF  TRUSSES 

By  W.  S.  Kinne 

175.  Architectural  Timber  Work'. — Architectural  timber  work  is  an  important  element  of 
terior  design,  especially  in  churches.  The  roof  structure  is  frequently  of  wood,  using  the 
lammer  beam  truss  where  the  roof  is  high.  In  buildings  with  low  pitched  roofs  the  braced 
rch  is  most  common.     This  form  of  construction  brings  some  thrust  upon  the  walls,    which 


Fig.  234. — Hammer  beam  with  scissors  truss  above. 


Fig.  235. — Hammer  beam  with  A-truss. 


aust  be  counteracted  by  buttresses  or  extra  heavy  masonry.  The  roof  design  concerns  not 
nly  the  trusses,  but  the  purlins,  rafters  and  sheathing  as  well,  all  of  which  may  be  decorated  to 
greater  or  less  degree.  Structural  considerations  must  be  modified  and  supplemented  to  meet 
Tchitectural  requirements.  Members  of  no  structural  value  may  be  introduced ;  stresses  must 
8  provided  for  without  too  great  insistence  on  economy  of  materials.  As  a  general  rule, 
orizontal  and  vertical  members  are  satisfactory,  together  with  arched  members.  Large  diago- 
al  members  are  usually  disappointing  in  perspective.  The  timbering  is  sometimes  covered 
rith  "boxing"  of  more  expensive  wood,  but  the  effect  is  usually  poor  as  compared  with  actual 
earns.  Laminated  beams  are  frequently  used.  The  laminatons  may  be  masked  by  mould- 
igs  and  decorative  elements.  The  advantage  lies  in  the  good  connections  and  masked  join- 
igs  secured.  Steel  rods  should  not  be  exposed.  A  few  examples  of  ornamental  trusses  are 
town. 

'  This  article  contributed  by  Arthur  Peabody,  State  Architect,  Madison,  Wis. 
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Figs.  234  and  235  show  hammer  beam  trusses  of  the  usual  form.     In  the  first  a  scLssors  truss 
is  used  over  the  hammer  beam.     In  the  second  a  rafter  and  tie  beam  are  used.     Fig.  236  showt 


Fig.  236. — Laminated  truss. 


Fig.   238. — Braced  arch  and  rafter. 


Fie.  237. — Braced  arch  (St.  John's  College,  Oxford). 


Fig.  239. — King  post  truss  and  bracket. 
(Bodlean  Library.) 


Fig.  240.— Braced  rafter. 


an  approximation  to  the  hammer  beam  truss,  but  depends  for  its  strengh  partly  on  the  rigidity 
of  the  members.  This  truss  should  be  built  of  seasoned  lumber  and  should  be  gone  over  and 
the  bolts  tightened  up  after  being  in  service  for  about  a  year. 


% 
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Fig.  236  and  237  show  high  pitched  roofs  supported  by  a  timber  arch 
"i  dd  somctliing  to  the  rigidity  of  the  structure 
nd  a  great  deal  to  appearance.  Fig.  239  shows 
low  pitched  roof  supported  by  a  king  post 
russ  with  a  timber  arch  below.  The  construe- 
on  of  this  truss  wall  be  entirely  masked  by  the 
ecoration.  Figs.  237,  238  and  239  are  from 
uildings  near  Oxford,  England. 

Fig.  240  is  a  modification  of  the  low 
itched  truss  type,  formed  of  doubled  timbers 
nd  a  few  false  members.  This  truss  should 
3  supported  on  quite  rigid  posts  built  into  the 
all.  The  action  of  the  post  and  bracket  is 
lat  of  a  cantilever,  to  which  the  upper  chord 
fastened. 

Fig.  241  shows  a  scissors  truss.  This 
)rm  of  support  is  less  meritorious  architectur- 
lly  and  structurally,  but  is  much  used  on 
rieap  work.  Its  principal  merit  is  the  arched 
fTect  of  the  slanting  members. 

The  span  of  all  the  above  trusses  is  taken, 
)r  convenience,  at  28  ft.  Spans  of  much 
reater  width  may  require  an  attic  space  with 
sncealed  trusses.  In  this  event  the  interior 
ill  show  the  ceiling  only,  which  will  be  sup- 
orted  from  above. 

176.  Analysis  of  Stresses  in  a  Scissors  Truss 
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The  arched  members 


Fig.  241. — Scissors  truss. 


The  stresses  in  a  truss  of  the  Scissors  type, 
shown  in  Fig.  241  of  Art.  175  are  readily 
determined  by  the  methods  of  stress 
analysis  given  in  Sect.  1.  Panel  loads 
due  to  dead  and  wind  loads  are  deter- 
mined by  the  methods  used  in  the  pre- 
ceding chapters  on  roof  truss  design.  As 
the  roof  slope  is  generally  quite  steep, 
snow  loads  need  not  be  considered. 

To  illustrate  the  methods  of  stress  analysis 
for  trusses  of  this  type,  the  stresses  in  the  truss 
of  Fig.  242  will  be  determined  for  dead  and  wind 
loads.  Panel  loads  for  dead  and  wind  load,  de- 
termined by  the  usual  methods,  are  shown  in 
position  on  Fig.  242(a).  The  dead  load  stress 
diagram  is  shown  in  Fig.  (b),  and  the  wind  load 
stress  diagram  is  shown  in  Fig.  (c).  Table  1 
gives  the  resulting  stresses  for  dead  and  wind 
loads,  and  also  the  maximum  stresses  due  to 
(b)  Dead  Load  \  -/  combined  dead  and  wind  loads. 
Stress  Diagram 

Roof  trusses  of  the  scissors  type  are 
usually  constructed  of  wood,  with  the 
exception  of  the  vertical  member  C-E  of 
Fig.  242  (a),  for  which  a  steel  rod  is  used. 
Experience  has  shown  that  the  elastic 
deformation  of  the  members  of  a  scissors 
truss  results  in  a  considerable  horizontal 
movement  of  the  points  of  support.  To 
'Au.ce  the  amount  of  this  movement,  it  is  the  general  practice  to  use  excess  area  in  the  top  and 


r^Vy^ind  Load 
Stress  Diagram 


(e)  Deformation  Diagrain 
Fig.  242. 
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bottom  chord  members.     For  the  truss  of  Fig.  242  (a)  it  will  probably  be  advisable  to  use  6  : 
10-in.  wooden  pieces  for  all  members  except  the  middle  vertical,  which  will  be  made  of  a  1  J^-L 
round  steel  rod.     Typical  joint  details  applicable  to  the  truss  under  consideration  are  shown  iP 
Art.  179. 

The  horizontal  movement  of  the  points  of  support  of  the  truss  of  Fig.  242  (a)  can  be  ca 
culated  by  means  of  eq.  (7),  p.  566.     This  equation  is 

where  D  =  deflection  of  any  point;  S  =  stress  in  any  member;  A  =  area  of  any  membe 
I  =  length  of  any  member;  E  =  modulus  of  elasticity  of  the  material  composing  the  member  ' 
and  ?/  =  a  ratio  which  is  equal  to  the  stress  in  any  member  due  a  1-lb.  load  applied  at  tl 
point  whose  deflection  is  desired  and  acting  in  the  direction  of  the  desired  deflection. 

Table  1. — Stresses  In  A  Scissors  Truss 

(Fig.    242) 


Member 


Dead  load 


Wind  right 


Wind  left 


Max.  stress 


AB 


BC 


■  12,7.50 


-4,000 


-4,000 


16,750 


BE 


-    8,600 

-  2,000 

-4,000 

-  12,600 

+   9,600 

+  4,500 

0 

+  14,100 

-    3,120 

-4,500 

0 

-   7,620 

CE 


+    8,250 


+  2,800 


+  2,800 


+  11,050 


+   =  tension.      —    =  compression. 


Table  2. — Horizontal  Deflection  op  Points  of  Support 

Calculation  op  Thrust  on  Walls 

Scissors  Truss 

(Fig  242) 


Member 


Stress 
1 


16,750 


BC 


CD 


DF 


EF 


BE 


DE 


CE 


■  10,600 


-  12,600 


•  16,750 


+  14,100 


+  9,600 


-   7,620 


+  11,050 


102  52 . 2 


102  52.2 

I 

102  52.2 
10252.2 


152  52.2 


152 


76 


52.2 


52.2 


76  52.2 


96  1.77 


I 

AE 
4 


SI 
AE 
5 


0.000001955-0.0328 


0.000001955-0.0208 


0.000001955-0.0246 


0.000001955 


0.000002905 


0.000002905 


0.000001403 


0.000001403 


0.000001810 


SI 

AE 

7 


I 
AE^ 
8 


-Hu 
(H   = 

-s 

6,510  lb.) 
9 

10 

-0.707+0.0233:0.000000977 


0.707  +0.0148  0.000000977 


-0.707+0.0175  0.000000977 


-0.0328  -0.707+0.0233  0.000000977 


+  0.0410     +1.58     +0.0648  0.00000725 


+  0.0279 


-0.0111 


+  0.0200 


+  1.58 
0 


0 


+  1.00 


+0.0441 


0.00000725 


+  0.0200  0.00000181 


+  0.2078  0.60002023 


+   4,610      - 


+  4,610 


1204.^ 


5,99' 


+  4.610 


7,991. 


+  4,610 


12,141 1. 


-10,300  I    +   2,S0(k 


-  10,300  I    -       70<  • 


3,12C 


-    6,510 


+   4,54C 
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For  the  truss  under  consideration,  the  deflection  of  the  left  end,  A  of  Fig.  (a),  will  be  de- 
irmined  with  respect  to  the  right  end,  point  F,  which  will  be  assumed  to  stand  fast.  This 
jflection  will  be  determined  for  the  maximum  stresses  in  all  members  due  to  the  dead  and 
ind  load  stresses,  as  given  in  Table  1.  These  maximum  stresses  are  recorded  in  Table  2. 
he  lengths  and  areas  of  the  several  members  are  also  given  in  Table  2.  Lengths  of 
embers  are  given  in  inches,  and  areas  are  given  in  square  inches.  As  assumed  above, 
le    main   members  are  composed  of  a  6  X  10-in.  piece.     Assuming  that  dressed  lumber 

used,  the  area  is  calculated  as  for  a,  5)4  X  93'^-in.  section  to  conform  to  the  methods  used  in 
le  chapter  on  Detailed  Design  of  a  Wooden  Roof  Truss.  The  modulii  of  elasticity  of  wood 
id  steel  are  taken  respectively  as  1,000,000  and  30,000,000  lb.  per  sq.  in. 

Since  the  horizontal  motion  of  point  A  is  desired  with  respect  to  point  F,  the  values  of  u 

defined  above,  are  to  be  calculated  for  a  1-lb.  load  applied  at  A  and  acting  horizontally, 
will  be  assumed  that  the  1-lb.  load  acts  to  the  left.      A  positive  sign  for  the  resultant 

flection  will  indicate  that  the  direction  of  the  deflection  was  correctly  assumed.     If  the  sign 

negative,  the  true  deflection  is  to  the  right.  "Values  of  u  were  calculated  by  means  of  the 
ress  diagram  of  Fig.  (d),  and  the  stresses  are  recorded  in  Table  2. 

The  desired  deflection  is  determined  by  calculating  the  value  of  the  term-ps  u  for  each  mem- 

r,  and  adding  all  such  terms,  paying  particular  attention  to  the  sign  of  each  result.  It  is  to 
I  noted  that  for  stress,  plus  indicates  tension  and  minus  indicates  compression.     In  multi- 

3'ing  the  several  values,  like  signs  result  in  plus  signs,  and  unlike  signs  result  in  minus  signs. 

he  resulting  values  are  given  in  Table  2  under  the  proper  heading,  and  at  the  foot  of  the  column 
given  the  sum  of  all  terms,  which  is  the  desired  deflection.     The  result,  +0.2078,  indicates 

lat  point  A  moves  to  the  left,  0.2078  in. 

SI 
A  study  of  the  values  of  Xp^  given  in  Table  2,  col.  7,  shows  that  about  80  %  of  the  total  de- 

Bction  calculated  above  is  due  to  the  elastic  distortion  of  members  A-B  and  D-F,  the  lower 
ids  of  the  top  chord  member,  and  A-E  and  E-F,  the  lower  chord  member.  Since  the  deflec- 
on  contributed  by  any  member  is  inversely  proportional  to  the  area  of  that  member,  it  follows, 

stated  above,  that  large  members  with  considerable  excess  area  should  be  provided  for  the 
lord  members  in  order  to  reduce  the  horizontal.movement  of  the  supports. 

By  calculations  similar  to  those  given  in  Table  2,  the  vertical  and  horizontal  components  of 
e  deflection  of  all  points  of  the  structure  have  been  calculated.  The  dotted  lines  of  Fig.  242  (e) 
ow  the  distorted  position  of  the  truss,  and  the  full  lines  show  the  undeformed  truss.  In 
otting  the  movement  of  the  several  points,  a  scale  was  used  which  shows  these  movements  at 
)out  150  times  their  value  to  the  scale  of  the  truss.     Hence,  as  plotted,  the  actual  movement 

the  joints  is  greatly  exaggerated.  This  is  done  in  order  to  show  the  relative  rather  than  the 
itual  movement  of  the  joints. 

The  diagram  of  the  deformed  truss  brings  out  some  points  which  should  be  considered  in 
lecting  the  form  of  the  members  for  trusses  of  this  type.     It  will  be  noted  that  members 

B-C  and  C-D-F  are  bent  out  of  line  due  to  the  deformation  of  the  structure.  If  these  mem- 
!rs  are  made  continuous,  which  is  the  usual  practice,  heavy  secondary  bending  moments  are 
t  up  at  the  middle  points  of  the  members.  Since  the  fiber  stresses  in  the  members  due  to 
lese  moments  are  proportional  to  the  depth  of  the  member,  it  follows  that  the  depth  of  the 
ember  in  the  direction  of  the  bending  should  be  as  small  as  possible,  in  order  to  avoid  excessive 
)er  stresses.  In  the  case  of  the  6  X  10-in.  members  adopted  for  the  design  under  considera- 
an,  the  6-in.  face  should  be  placed  in  the  vertical  direction  and  the  10-in.  face  should  be  placed 
)rizontal.  This  would  probably  not  fit  in  with  the  architectural  features  of  the  design. 
owever,  since  considerable  excess  area  is  provided  in  these  members,  the  total  combined 
)er  stress  with  the  10-in.  face  placed  vertical  will  probably  be  within  the  allowable  limits, 
srerything  considered,  square  sections  are  preferable  for  trusses  of  this  type. 

The  ends  of  trusses  of  the  scissors  type  are  generally  rigidly  fastened  to  the  supporting 
alls  by  means  of  anchor  bolts  or  by  a  base  plate  bedded  in  the  masonry.  After  the  trusses  have 
!en  erected,  the  roofing  and  other  applied  loads  are  added  as  the  construction  proceeds.     On  the 
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removal  of  the  erection  false  work  or  other  temporary  construction  supports,  the  full  loads  a 
applied  to  the  trusses,  which  tend  to  deform,  causing  the  points  of  support  to  move  horizontal! 
as  calculated  above.  Since  the  trusses  are  generally  rigidly  fastened  to  the  walls,  as  stated  abov 
the  walls  are  forced  outward  due  to  the  resistance  offered  to  the  horizontal  motion  of  the  en( 
of  the  truss.  Horizontal  forces  are  therefore  set  up  which  cause  bending  moments  in  the  wall 
These  moments,  and  the  resulting  fiber  stresses,  are  a  maximum  at  the  foot  of  the  walls, 
the  fiber  stresses  are  excessive,  the  walls  will  be  cracked  at  the  base.  To  avoid  failure  of  tl 
walls  due  to  this  cause,  the  bending  moments  and  fiber  stresses  must  be  estimated  and  a  w£ 
thickness  adopted  which  will  offer  the  required  resistance.  If  one  end  of  the  truss  is  allowed  i 
move  freely  as  the  loads  are  applied,  the  walls  will  be  relieved  of  the  greater  part  of  the  bendir 
moment  mentioned  above.  However,  this  is  not  the  usual  practice.  In  view  of  this  fac 
methods  will  be  given  for  the  determination  of  the  horizontal  forces  which  must  be  resisted  h 
the  walls. 

The  methods  of  calculation  for  the  determination  of  the  thrusts  at  the  tops  of  the  walls  di 
to  the  deformation  of  a  scissors  truss  are  similar  to  those  used  in  Art.  170  6  for  the  determinatic 
of  the  reactions  for  a  two-hinged  arch.     Let  Fig.  243  (a)  show  a  scissors  truss,  or  any  other  tyj 

of  truss  in  which  the  elastic  deformation  of  tl 
members  produces  thrusts  on  the  supportii 
1^  walls.     To  make  the  solution  general  in  natur 

"^1       [rl~*f  ^    vertical  and  inclined  applied  loads  are  show 
in  position.     Consider  the  truss  removed  fro: 
the  walls,  and  represent  the  action  of  the  truss^ 
(b)  on  the  walls  by  the  forces  shown  in  Fig.  243  (t 

Pjq    243  '^^^  forces  H  represent  the  thrusts  at  A  and 

due  to  the  deflection  of  the  truss.  Evident 
these  forces  are  equal  in  amount  and  act  in  opposite  directions,  as  shown  in  Fig.  (6).  Tl 
forces  Hi,  H2,  Ri,  and  R2  repre^^ent  the  action  of  the  applied  vertical  and  inclined  loads,  ai 
are  calculated  by  the  methods  of  Statics  given  in  Sect.  1,  considering  the  truss  as  a  free  boc 
removed  from  its  supports. 

The  forces  Hi  and  H2  include  the  efiect  of  the  wind  on  the  vertical  sidewalls.  Th 
effect  is  indeterminate,  but  it  is  sufficiently  accurate  to  assume  that  the  moment  due  to  tl 
horizontal, wind  load  is  equally  divided  between  the  two  walls.  It  will  therefore  be  assumt 
that  the  truss,  acting  as  a  strut  between  the  two  walls,  transfers  to  the  top  of  the  right-har 
wail,  a  load  which  will  produce  the  assumed  moment  at  the  base  of  the  wall.  If  u;  =  wir 
load  per  foot  of  wall,  and  h  =  height  of  wall,  the  moment  to  be  carried  by  each  wall 
M  =  yi  wh\  On  the  assumption  made  above,  the  load  at  the  top  of  each  wall  is  P 
M/h  =  K  wh. 

Assuming  that  the  truss  is  rigidly  fastened  to  the  walls,  it  is  evident  that  the  horizont 
movement  of  points  A  and  F  of  the  truss  is  equal  to  the  horizontal  movement  of  the  tops  of  tl 
walls,  points  A  and  F  of  Fig.  (h).  For  the  determination  of  H,  the  thrust  of  the  trusses  c 
the  walls,  an  equation  of  elastic  equilibrium  can  be  established  bj^  equating  the  deflection  i 
the  truss,  as  calculated  by  eq.  1,  to  the  combined  deflection  of  the  walls  for  the  forces  shown  i 
Fig.  (b). 

The  values  of  S  to  be  used  in  eq.  (1)  for  the  determination  of  the  horizontal  motion  ( 
points  A  and  F  of  the  truss  are  the  actual  stresses  in  the  members.  These  stresses  include  tl 
effect  of  the  thrust  H  and  the  effect  of  the  applied  loads.  As  stated  in  Art.  170  in  connectio 
with  the  derivation  of  eqs.  (8)  and  10),  these  stresses  can  be  expressed  in  the  form 

s  =  s'  -  Hu  a 

where  S  =  actual  stress  in  any  member;  5'  =  stress  in  anj'  member  due  to  the  applied  loac 
for  the  truss  considered  as  removed  from  the  walls  and  considered  as  a  simple  truss;  //  =  thrm 
on  the  walls;  and  u  =  a  ratio  defined  above  for  eq.  (1).  Substituting  this  value  of  ^S  in  e( 
(1),    the  horizontal  movement  of  point  A  of  the  truss  with  respect  to  point  F  is 

^=Xae''-"X2e''^-  (^ 
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The  deflection  of  the  walls  due  to  the  applied  loading  shown  in  Fig.  (6)  depends  on  the 
orm  of  the  walls.  If  they  are  of  uniform  cross  section  for  the  full  height,  they  form  simple 
jantilever  beams  acted  upon  by  the  horizontal  forces  shown  in  Fig.  (6).  The  effect  of  the  verti- 
1'  sal  loads  Ri  and  R^  on  his  horizontal  deflection  is  so  small  that  it  will  be  neglected.  From 
5ect.  1,  the  deflection  of  a  simple  cantilever  beam  due  to  a  load  P  is  given  by  the  expression 
=  PP/SEI.  To  reduce  this  value  to  a  general  expression  adaptable  to  all  forms  of  walls, 
,he  term  P/3EI  will  be  called  the  deflection  coefficient  of  the  wall.  In  the  work  to  follow,  this 
oefficient  will  be  denoted  by  k,  using  subscripts  1  and  2  respectively  to  indicate  the  left  and 
ight-hand  walls.  With  this  notation,  the  total  movement  of  points  A  and  F  of  Fig.  243  (6) 
or  the  forces  shown,  is  given  by  the  expression 

A  =  (^  -  H^)h  +  (H  +  H,)k2 
rom  which 

A  =  H{k,  +  ^-2)  -  H,ki  +  Hjci  (4) 

quating  eqs.  (3)  and  (4)  and  solving  for  H,  we  have 

ArAE^  +  ■ffi^i--H'2^'2 

vhich  is  a  general  expression  for  the  thrust  on  the  walls  due  to  a  rigidl}"^  attached  truss  of  the 
ype  shown  in  Fig.  242. 

To  illustrate  the  application  of  eq.  (5)  to  a  given  set  of  conditions,  certain  assumptions  will  be  made  regarding 
he  walls  supporting  the  truss  of  Fig.  242  and  the  resulting  thrust  on  these  walls  will  be  calculated.  Suppose  that 
he  truss  under  consideration  is  rigidly  attached  to  a  masonry  wall  18  in.  thick  and  1.5  ft.  high,  and  assume  that 
ecause  of  window  openings,  a  section  of  wall  8  ft.  long  is  available  to  resist  the  thrust  of  the  trusses,  which  will  be 
ssumed  to  be  16  ft.  apart. 

For  the  applied  dead  and  wind  panel  loads  shown  in  position  on  Fig.  242(o),  it  can  be  shown  that  Hi  =  Hi 
=  2,800  lb.  To  this  load  must  be  added  the  effect  of  wind  on  the  side  walls.  As  stated  above,  this  effect  will  be 
ssumed  to  be  due  to  a  load  wh/4,  where  w  =  load  per  foot  of  wall.  For  a  30-lb.  wind  load  acting  on  a  15-ft.  wall, 
riisses  16  ft.  apart,  wh/4:  =  >i  X  30  X  16  X  15  =  1800  lb.  The  total  horizontal  load  is  then  Hi  =  Hi  =  2800 
r  1800  =  4600  lb.  Since  the  walls  are  alike,  and  are  simple  cantilever  beams  of  height  h,  the  value  of  the  deflec- 
ion  constant,  as  defined  above,  is 

^'  -  '^'  -  lEI 
fhere  E  =  modulus  of  elasticity  of  the  material  composing  the  wall,  which  will  be  assumed  to  be  3,500,000  lb.  per 
q.  in.;  and  /  =  moment  of  inertia  of  the  wall  section,  which  is  given  by  the  formula  /  =  J.12  M^.     For  the  assumed 
onditions,  /i  =  15  ft.  =  180  in.;  6  =  effective  width  of  wall  =  8  ft.  =  96  in.;  and  d  =  thickness  of  wall  =  18  in.; 
nd 

(180)3 

t3)(3,500,000)(H2)(96)(18)3  ~  0.0000119 

The  term  Hiki  —  Hiki  of  eq.  (5)  can  readily  be  seen  to  be  equal  to  zero  for  the  assumed  conditions.  Table  2 
ives  directly  the  term  S-jg",  for  the  stresses  S'  are  exactly  the  same  as  given  by  Table  1.  The  term  "^-rj^u-  is 
Badily  calculated  from  the  values  given  in  Table  2.  Col.  8  gives  the  several  values  and  the  required  summa- 
ion.  The  value  of  A;i  +  fcj  =  2k  can  be  determined  from  the  calculations  given  above.  Substituting  these  values 
1  eq.  (5),  we  have 

0  2078 

~  0.00002023  +  0.00002380  "  "* 

hich  is  the  thrust  of  the  trusses  on  the  walls  for  the  assumed  conditions. 

The  combined  fiber  stress  in  the  walls  due  to  the  bending  moments  induced  by  the  total  horizontal  loads  at  the 
jps  of  the  walls  must  be  investigated.  From  Fig.  243(6),  it  can  be  seen  that  the  maximum  fiber  stress  will  occur 
t  the  inside  lower  edge  of  the  right-hand  wall.  This  fiber  stress  is  to  be  determined  for  bending  due  to  horizontal 
)rces  and  compression  due  to  the  weight  of  the  wall  and  the  truss  reactions  at  the  wall.  As  stated  above.  Hi 
4600  lb.  Hence  the  total  horizontal  force  is  //  +  H2  =  4710  +  4600  =  9310  lb.,  and  the  bending  moment  at 
le  foot  of  the  15-ft.  wall  is  9310  X  180  =  167,500  in. -lb.  Since  the  wall  section  is  rectangular,  the  fiber  stress  due 
)  bending  is /6  =  QM/bd-,  where  h  =  effective  width  of  wall  =  96  in.,  and  d  =  thickness  of  wall  =  18  in.     Hence, 

(6)  (167,500) 
~  — (96)  (TsT^  ~  ^^^  ^'^'  '°' 

his  fiber  stress  is  tensile  on  the  inside  edge  of  the  wall.  The  compression  at  the  same  point  due  to  the  weight  of 
le  wall  and  the  truss  reaction  is  equal  to  the  total  load  divided  by  the  effective  area.  Assuming  that  the  material 
imposing  the  walls  weighs  160  lb.  per  cu.  ft.,  the  wtight  of  the  wall  is  8  X  1.5  X  15  X  160  =  28,800  lb.     From 
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Fig.  i42(a),  the  vertical  truss  reaction  at  point  F  is  10,800  lb.     Hence  the  total  vertical  load  is  28,800  +  10,800 
39,600  lb.     For  an  effective  section  of  wall  18  X  96  in.,  we  have 

39,600 


fc  = 


23  lb.  per  sq.  in.,  compression 


(18)  (96) 

The  resultant  fiber  stress  on  the  fiber  in  question  is  then  /  =/&—  fc  =  324  —  23  =  301  lb.  per  sq.  in.,  tension.     '. 
the  material  composing  the  wall  is  capable  of  withstanding  this  tensile  stress,  the  assumed  wall  is  satisfactory; 
not,  the  wall  section  must  be  revised.     It  was  found  that  a  36-in.  wall  is  required  if  no  tension  is  allowed  on  th 
masonry.     As  walls  of  this  thickness  are  expensive,  it  is  probable  that  some  type  of  buttressed  wall  would  h 
adopted. 

The  horizontal  thrust  on  the  walls  is  often  determined  on  the  assumption  that  the  walls  are  absolutely  rigid 
Eq.  (5)  can  be  made  to  cover  this  condition  by  noting  that,  in  general,  k  =  /iV3  EI.  For  an  absolutely  rigid  wal 
it  is  evident  that  /,  the  moment  of  inertia  is  infinite.     Hence  all  values  of  k  are  equal  to  zero,  and  eq.  (5)  become 

^  S'l 


H  = 


'AE 


y     I 

'AE'' 


From  the  values  of  these  terms  given  in  Table  2 

H 


0.2078 


=  10,250  lb. 


0.00002023 

Note  the  effect  of  the  elastic  deformation  of  the  walls  on  the  value  of  W,  as  shown  by  comparing  this  value  of  I 

calculated  for  a  rigid  wall,  and  the  value  calculated  above  for  an  elastic  wall. 

After  the  value  of  H  has  been  determined  for  any  assumed  set  of  conditions,  the  true  stresses  in  the  truss  men 

bers,  which  must  include  the  effect  of  the  resistanc 
of  the  walls,  can  be  determined  from  eq.  (2).  Col 
9  and  10  give  all  of  the  necessary  calculations,  an 
col.  10  gives  the  final  stresses.  The  value  of  H  shoul 
include  the  effect  of  wind  on  the  side  walls.  Hen( 
for  the  18-in.  wall,  H  =  4710  +  1800  =  65101b. 

177.  Analysis  of  Stresses  in  a  Hanunei 
beam  Truss. — A  typical  framework  for 
hammer-beam  truss  is  shown  in  Fig.  244  (a 
The  curved  members  near  the  center  of  th 
truss,  and  all  other  members  which  are  use 
for  ornamental  purposes,  have  been  n 
moved.  Figs.  234  and  235  of  Art.  175  she 
complete  trusses  of  this  type. 

As  shown  by  Fig.  244  (a),  a  typic£ 
hammer-beam  truss  can  be  considered  t 
be  composed  of  three  parts.  These  part 
consist  of  a  truss,  shown  bj'  DFK,  and  tw 
parts,  shown  by  ABDH  and  the  correspond 
ing  part  on  the  right,  which  contain  th 
hammer-beam  BH.  The  entire  frameworl 
is  supported  at  A  and  L  by  masonry  wall 
which  are  continued  upward  to  the  level  o 
point  B. 

Strictly  speaking,  a  truss  of  the  forn 
shown  in  Fig.  244  (a)  is  statically  indetermi 
nate,  for  the  top  chord  member  BDF  is  gen 
erally  made  continuous  from  end  to  end 
Also,  the  portions  of  the  truss  containing  the  hammer-beams  are  generally  rigidly  fastened  t( 
the  masonry  walls.  However,  by  assuming  that  the  hammer-beam  portion  of  the  truss  L' 
supported  at  the  masonr}^  wall,  point  A  of  Fig.  (a),  by  a  hinge-like  detail,  and  also  that  tl« 
connection  between  the  truss  DFK  and  the  hammer-beam  is  a  hinge,  the  stresses  becomt 
statically  determinate.  These  assumptions  are  reasonable,  for  at  joint  D  only  the  resisting 
moment  offered  by  the  chord  section  is  opposed  to  any  distortion  of  the  structure.  Tlat 
resistance  is  not  great,  and  can  be  neglected  without  sensible  error.  A  rigid  connection 
between  the  wall  and  the  hammer-beam  portion  of  the  truss  is  hard  to  make,  and  it  is 
therefore  likely  that  the  assumed  conditions  closely  approximate  the  actual  conditions. 

'  See  Sec.  2.  Art.  143. 
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Under  symmetrical  vertical  loads,  the  truss  shown  by  the  full  lines  of  Fig.  244  (a)  is  a 
stable  structure.  To  hold  the  several  parts  of  the  framework  in  equilibrium,  the  reactions  at 
A  and  L  must  be  inclined  to  the  vertical.  When  the  structure  is  subjected  to  inclined  loads, 
such  as  wind  loading,  the  full  line  framework  of  Fig.  244  (o)  is  not  in  stable  equilibrium.  Ad- 
ditional members  must  be  provided  which  will  offer  the  resistance  necessary  to  prevent  collapse 
of  the  structure.  This  resistance  to  distortion  is  provided  by  the  curved  members  joining  points 
HG  and  GM.  The  end  connections  of  these  members  can  be  so  arranged  that  they  will  take 
compression  only.  In  this  respect  these  members  form  counters,  which  act  only  under  unsym- 
metrical  loading.  It  is  to  be  noted  that  the  reactions  at  the  points  of  support  are  inclined  to  the 
vertical  for  all  conditions  of  loading.  These  reactions  must  be  determined  and  the  wall  sec- 
tion proportioned  accordingly.  This  point  is  important,  for  the  truss  action  assumed  above 
is  based  on  the  fact  that  rigid  supports  are  available. 

The  stresses  in  all  members  of  the  truss  of  Fig.  244  (a)  will  be  determined  for  vertical  panel 
loads  of  unity  placed  as  shown  on  the  truss  diagram.  Since  the  truss  is  assumed  to  be  supported 
by  hinges  at  A  and  L,  and  since  hinges  are  assumed  at  D  and  K,  the  reactions  at  A  and  L  can  be 
determined  from  the  condition  that  the  equilibrium  polj^gon  drawn  for  the  applied  loads  must 
pass  through  the  points  A,  D,  K,  and  L.  This  construction  can  be  carried  out  by  the  methods 
outlined  in  Art.  170. 

Fig.  244  (b)  is  a  force  diagram  constructed  for  one-half  of  the  structure.  By  the  methods  referred  to  above,  it 
was  found  that  I  of  Fig.  (6)  is  the  pole  for  the  equilibrium  polygon  passing  through  points  A,  D,  K,  and  L  of  Fig.  (a). 
Hence  l-a  of  Fig.  (6)  represents  to  scale,  the  amount  and  direction  of  the  reaction  at  A  of  Fig.  (a).  The  diagram  of 
stresses  in  the  members  is  readily  constructed  by  the  methods  of  Sect.  1.  Fig.  244  (b)  shows  the  completed  diagram. 
AJl  stresses  are  indicated  on  the  members,  and  are  denoted  by  D.  L.  (dead  load). 

The  stresses  in  all  members  of  the  truss  were  also  determined  for  unit  wind  loads  acting  normal  to  the  left  hand 
ride  of  the  roof  surface,  as  shown  on  Fig.  244  (a).  As  stated  above,  to  maintain  a  stable  structure,  a  curved  member 
3M  must  be  provided.  Although  the  member  provided  is  curved,  the  stress  in  this  member  can  be  determined  as  for 
straight  member  connecting  G  and  M.  This  straight  member  is  shown  by  dotted  lines  in  Fig.  (o).  Having 
?iven  the  stress  in  this  straight  member,  the  resulting  fiber  stresses  in  the  curved  member  can  be  determined  by  the 
methods  given  in  the  chapter  on  Bending  and  Direct  Stress — Wood  and  Steel,  in  Sect.  1. 

Since  the  presence  of  the  member  GM  eliminates  the  hinge  at  A',  the  framework  can  be  considered  as  divided 
into  two  parts  by  the  hinge  at  D.  The  reactions  at  A  and  L  for  the  assumed  structure  can  be  determined  by  cons- 
tructing the  equilibrium  polygon  which  passes  through  points  A,  D  and  L.  By  the  methods  referred  to  above,  it 
will  be  found  that  point  I  of  the  force  polygon  of  Fig.  (c),  constructed  for  the  applied  loads,  is  the  true  pole  for 
the  required  equilibrium  polygon,  and  that  l-x  and  l-e  give  the  amount  and  directions  of  the  reactions  respectively 
t  A  and  L  of  Fig.  244  (a).  Fig.  244  (c)  gives  the  complete  stress  diagram  as  constructed  for  the  applied  loads. 
All  stresses  are  indicated  on  the  members  in  Fig.  244  (a),  and  are  denoted  by  W.  L.  (wind  load). 

178.  Analysis  of  Combined  Trusses. — Roof  trusses  are  often  framed  by  combining  two 
different  types  of  trusses.  In  Fig.  245,  a  simple  truss,  ABC,  is  supported  at  the  ends  by  a 
bracket,  ADE,  which,  together  with  the 
walls,  forms  a  cantilever  truss  ADF.  The 
combined  structure  thus  formed  can  be 
analyzed  by  separating  it  into  its  parts. 
Thus  the  truss  ABC  can  be  analyzed  and 
the  reactions  and  stresses  determined.  The 
reaction  of  truss  ABC  can  then  be  applied 
as  a  load  on  the  bracket  ADE  of  Fig.  (6), 
and  the  stresses  in  the  members  of  the 
bracket  and  the  bending  moments  at  the 
Foot  of  the  wall  can  readily  be  determined  by  the  methods  used  in  the  preceding  chapters. 

Combination  trusses  formed  from  a  simple  truss  and  an  arched  truss  of  the  ribbed  type  are 
)ften  encountered.  Figs.  237  and  238  of  Art.  175  show  examples  of  this  type.  In  many 
cases  the  arch  members  are  used  only  for  decorative  purposes,  and  are  not  intended  to  carry 
cads  except  possibly  their  own  weight.  In  other  cases  it  is  assumed  that  both  systems  assist 
in  carrying  the  applied  loads.  Under  such  conditions,  the  exact  distribution  of  the  applied 
loads  to  the  two  systems  offers  a  very  complicated  problem.  While  this  problem  can  be  solved 
by  methods  developed  in  works  on  stresses  in  statically  indeterminate  structures,  in  general  it 
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can  be  said  that  this  procedure  is  not  necessary.  An  experienced  designer  can  generally  esti- 
mate the  probable  distribution  of  loads  between  the  two  systems.  By  separating  the  .systems, 
and  treating  them  as  independent  structures,  an  analysis  of  stresses  can  be  made  which  will 
answer  all  practical  purposes. 
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179.  Typical  Joint  Details  for  Ornamental  Roof  Trusses. — In  general,  the  joint  details 
for  ornamental  roof  trasses  are  similar  to  those  used  in  the  chapter  on  a  Detailed  Design  of  a 
Wooden  Roof  Truss.  The  framing  of  members  in  ornamental  roof  trusses  often  calls  for  joint 
details  in  which  the  members  meet  at  acute  angles,  and  where  several  members  meet  in  a  com- 
mon point.     A  few  of  these  special  cases  will  be  considered  and  typical  joint  details  will  be 

shown,  without  going  into  the  details  of  the 
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design  methods. 

Fig.  246  (a)  and  (ft)  show  details  for  the 
end  joint  of  a  scissors  truss.  The  angle  be- 
tween the  chord  members  is  generally  so  acute 
that  the  details  shown  in  the  chapter  on  the 
Design  of  a  Wooden  Roof  Truss  can  not  be 
used.  Fig.  (a)  shows  a  strap  connecton,  and 
Fig.  (fe)  shows  a  bolt  and  cast-block  connection. 
Another  joint  of  a  form  not  encountered 
in  the  simple  roof  truss  designed  in  a  preceding  chapter  is  the  one  at  joint  E  of  the  truss  of 
Fig.  242  (a).  Where  single  pieces  are  used  for  the  lower  chord  members,  this  detail  is  made 
by  halving  the  members  at  the  joint,  as  shown  in  Fig.  247.  Ornamental  iron  straps  are  often 
added  to  hold  the  members  in  place.     Fig.  248  shows  joint  details  in  common  use. 


ROOFS  AND  ROOF  COVERINGS 
By  John  S.  Branne 

A  good  roof  is  just  as  essential  as  a  safe  foundation.  A  perfect  foundation  secures  the 
building  against  destruction  starting  at  the  bottom;  a  good  roof  affords  protection  for  the 
building  itself  and  what  the  building  contains,  and  prevents  deterioration  starting  from  the 
top.  A  faulty  roof  may  be  very  difficult  to  remedy,  involving  generally  a  removal  or  the  cost 
of  a  new  roof,  with  probable  changes  in  truss  and  purlin  construction  and  inconvenience  to 
tenants,  merchandise,  or  machinery. 

180.  Selecting  the  Roof  and  Roof  Covering. — In  selecting  the  roof  and  roof  covering  the 
general  requirement  is  to  provide  the  hest,  in  the  sense  of  most  suitable,  roof  at  the  least  cost. 
To  arrive  at  a  solution  for  the  most  suitable  roof,  the  agencies  must  be  considered  which  attack 
the  roof  from  both  the  outside  and  inside.  These  agencies  depend  upon  the  chmatic  conditions, 
the  uses  to  which  the  structure  is  put,  the  fire  risk  and  the  special  imposed  loads  other  than  snow 
and  wind.     Local  building  laws  and  regulations  must  also  be  consulted  in  tliis  connection. 

In  considering  least  cost  it  is  necessary  to  take  into  account  (1)  the  comparative  prices  of 
suitable  materials  at  the  building  site;  (2)  the  temporary  or  permanent  character  of  the  staic- 
ture;  (3)  the  advantage  of  buying  materials  in  larger  quantitj-  (which  may  determine,  for  ex- 
ample,  a  concrete  roof  slab-  when  there  is  much  concrete  work  in  the  structure  under  the- 
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)of) ;  (4)  the  probable  weather  conditions  during  the  roof  construction;  and  (5)  the  ease  of  plac- 
ig  the  roof  materials. 

181.  Conditions  to  be  Considered  in  Roof  Design. 

181a.  Climatic  Conditions. — -The  climatic  agencies  which  tend  to  affect  the  in- 
grity  of  a  roof  are  the  following:  rain,  snow,  ice,  high  winds,  salt  air  (along  the  sea  coast), 
sat,  and  cold. 

Rain. — To  provide  for  rain,  the  roof  must  be  tight  and  have  proper  drainage.  By  proper  drainage  is  meant 
fair  slope  for  tlie  roof  surface,  so  that  water  will  not  remain  in  puddles,  and  also  a  proper  distribution  of  good  sized 
tters  and  leaders  to  carry  the  rain  water  to  the  ground.  In  determining  the  size  and  distribution  of  the  gutters 
id  leaders  exceptionally  heavy  rains  must  be  taken  into  account  since,  in  case  the  downtakes  are  too  far  apart, 
oh  rains  will  produce  a  good  sized  current  of  water  tending  to  abrade  the  gutter  surface  as  well  as  causing  damage 
overflow.  The  accumulation  of  leaves,  twigs,  and  rubbish  of  various  kinds  necessitates  strainers  at  all  downtakes 
•d  a  periodical  inspection  of  the  roof. 

Snow. — Snow  sometimes  causes  exceptionally  heavy  loads  on  roofs  having  a  slight  slope,  or  on  roofs  with  high 
rapet  walls  as  is  sometimes  found  around  tower  roofs  for  ornate  purposes.  Drifting  snow  may  bank  up  by 
iwing  down  from  high-level  roofs  on  to  roofs  at  lower  levels,  filling  up  "pockets "  where  it  will  remain  until  it  melts 
ay.  On  roofs  cons  sting  of  a  series  of  secondary  roofs  as,  for  example,  on  saw-tooth  roofs  or  common  monitor 
)f8,  the  snow  often  is  found  banked  up  deep  in  the  valley  gutters.  Dry  snow,  driven  by  a  high  wind,  will  drift 
■ough  small  crevices,  which  will  prevent  the  use  of  certain  roofs  over  dynamos  and  electrical  work  generally. 
ow  prevents  the  use  of  skylights  with  small  inclination  for  shops  that  are  not  heated,  as  in  such  cases  the  snow 
ay  remain  for  weeks  and  prevent  daylight  from  coming  through. 

Ire. — Ice  is  likely  to  cause  trouble  on  account  of  its  expansive  action  and  its  tendency  to  accumulate  when  once 
irted.  On  account  of  this  it  is  necessary  (1)  to  have  perfect  roof  drainage,  meaning  aproper  slope  of  surface  and 
tters,  and  capacious  downtakes;  (2)  to  make  a  periodic  inspection  of  the  roof  to  remove  rubbish  accumulations 
ound  strainers;  (3)  when  outside  downtakes  (leaders)  are  used,  to  select  the  corrugated  or  expansion  type,  in 
lich  the  material  has  a  fair  chance  to  avoid  disruption  due  to  ice  action;  (4)  to  make  wide  and  shallow  gutters 
stead  of  deep  and  narrow  ones;  and  (5)  to  use  wide  flashings  from  eaves  and  valley  gutters  under  the  roofing 
terial.  In  gutters  where  ice  is  apt  to  form  in  spite  of  precautions  taken  in  planning  the  building,  a  steam  pipe 
aning  under  the  full  length  of  the  gutter  will  be  found  to  do  good  service. 

Wind. — Wind  pressure  on  the  roof  adds  an  appreciable  amount  of  load  on  a  steep  surface.  The  influence  of 
;h  wind  on  the  roof  and  roof  covering  becomes  most  evident  (1)  in  its  driving  action  on  snow  and  rain,  as  referred 
above;  (2)  in  its  tendency  to  raise  up  light  roofing  units,  as  slate  shingles  and  light  flat  tile;  and  (3)  in  its  ten- 
noy  to  raise  up  and  dislodge  thin  roofing  materials,  like  sheet  metal,  corrugated  steel,  and  prepared  felt  roofings — 
rticularly  along  overhangs  and  eaves,  where  the  fastenings  are  most  exposed  and  the  wind  pressure  most  active. 

Salt  Air. — Salt  air  along  the  sea  coast  has  a  greater  corroding  influence  on  roofing  metals  than  moisture  alone. 
Buch  locations  metallic  roofs  require  more  frequent  repairs  and  painting.  Generally,  acid-laden  air  tends  to 
stroy  metals  quite  rapidly,  and  this  action  becomes  much  greater  when  two  metals  touch,  as  zinc  and  copper, 
oducing  a  galvanic  action. 

Heat  and  Cold. — Heat  and  cold  act  on  roofs  in  various  ways.  Variation  in  temperature  causes  expansion 
d  contraction,  which  in  some  roofing  materials  must  be  taken  special  care  of  by  expansion  joints.  Great  heat 
11  dry  out  some  felt  and  tar  coverings  so  that  they  will  crack  and  give  opportunity  for  frost  to  destroy  the  covering, 
tention  should  be  given  to  the  composition  of  such  coverings,  avoiding  volatile  tar  compounds  which  flow  at  a 
mparatively  low  temperature.  Where  a  metal  roofing  is  protected  by  paint,  a  clean  surface  and  a  heat 
sisting  paint  is  essential.     The  action  of  cold  is  felt  through  the  agency  of  ice  formation  described  above. 

1816.  Uses  to  Which  the  Structure  is  Put. — In  dwellings,  from  the  small  house 
the  large  public  building  or  hotel,  the  roof  is  generally  in  keeping  with  the  balance  of  the 
lilding  as  regards  fireproof  or  non-fireproof  construction — -the  particular  type  (whether  plank, 
ncrete,  tile,  or  gypsum-composition)  depending  upon  climatic  conditions,  fire  risk  and 
terior  loads.  In  manufacturing  plants,  however,  in  addition  to  the  above-mentioned  con- 
tions  must  be  considered  the  kind  of  roof  most  suitable  for  the  particular  activity  to  be  carried 
in  the  building.  In  steel  and  iron  works  and  in  any  plant  where  the  fire  risk  is  great,  a  fire- 
oof  roof  is  essential.  In  manufacturing  establishments  using  strong  acids  or  alkalies,  metallic 
ofs  or  roofings  will  corrode  rapidly.  It  is  not  good  practice  to  use  a  plank  roof  on  steel  pur- 
is  and  trusses  unless  the  risk  of  the  plank  catching  fire  is  negligible.  Many  cases  are  on  record 
total  destruction  of  steel  frame  buildings,  trusses  and  columns,  by  burning  of  the  wooden 
of  plank. 

Another  condition  to  look  out  for  is  condensation  on  the  under  side  of  roof,  due  to  rapid  cooling  and  lack  of 
rosity  of  roof  materials.     To  overcome  this  in  the  case  of  a  corrugated  steel  roof,  an  asbestos  lining  is  placed  under 

roof.  Asbestos  protected  metal  roofing  has  been  used  in  similar  cases,  also  asbestos  corrugated  roofing.  The 
psum,  insulated  concrete  roof  and  the  plank  roof — the  latter  sometimes  coated  on  the  underside  with  a  fireproof 
npound — are  good  nonconductors. 
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181c.  Fire  Risk, — Fire  risk  is,  necessarily,  a  consideration  of  vital  importance 
Mention  has  already  been  made  of  the  advisabihty  of  using  fireproof  roofs  unless  the  fire  risl 
from  the  inside  is  negligible.  The  surface,  however,  should  always  be  fireproof  to  avoid  a  firt 
starting  from  sparks  or  burning  embers  carried  by  a  high  wdnd.  Parapet  walls  afford  more  pro- 
tection for  combustible  roof  beams  and  plank  than  a  sheet  metal  cornice.  Fire  walls  projectini 
well  above  the  roof  prevent  a  fire  from  running  along  a  roof.  All  roof  houses  and  bulk  headi 
should  be  fireproof  throughout.  Skylights  should  be  screened  and  also  have  wire  glass.  Stand- 
pipes  should  be  conveniently  located  and  long  skylights  or  monitors  broken  up  for  easy  access 
to  any  part  of  the  roof. 

181(1.  Special  Imposed  Loads. — Special  imposed  loads  may  be  crowds  of  peopl< 
as,  for  example,  when  the  roof  is  used  (1)  for  a  school  or  other  playground;  (2)  for  entertain 
ment,  as  hotels,  theatres,  and  restaurants;  or  (3)  for  manufacturing  processes  in  certain  Indus 
tries.     Such  roofs  must  have  a  wearing  surface  in  addition  to  standard  roofing  requirements. 

181e.  Least  Cost. — In  reviewing  least  cost  the  following  points  should  be  con 
sidered : 

1.  Least  cost  must  not  under  any  circumstances  mean  inferior  materials  or  workmanship. 

2.  Best  value  often  received  by  not  using  patented  devices  which  may  bring  a  royalty  into  the  cost. 

3.  Time  required  in  placing  the  roof. 

4.  Well  known  materials  and  standardized  construction  methods. 

5.  Cost  of  upkeep  including  insurance. 

182.  Precautions  in  the  Design  and  Erection  of  Roofs. — Roofs  that  have  to  be  constructei 
in  the  winter  months  must  be  protected  from  the  destroying  influence  of  frost  which  may  per 
meate  the  roof  slab  and  render  it  weak. 

Concrete  slabs,  especially  cinder  concrete  slabs,  must  be  protected  from  frost  during  se 
and  followed  up  quickly  by  the  roofer. 

Gypsum-composition  slabs  are  quite  porous  and  must  be  covered  at  the  earUest  possibl 
moment  with  the  roofing  to  prevent  snow,  rain,  and  frost  from  breaking  up  the  slab  andcausin 
sags.  Gypsum-compos  tion  roofs  depend  for  their  integrity  more  on  the  suspension  than  th 
bond  principle,  and  may  be  considered  to  rest  on  the  imbedded  steel  wire  cables.  The  cable 
-are  stretched  for  considerable  distances  ahead  of  the  slab,  and  ice  or  snow  may  lodge  on  them  p 
preventing  wholly  or  in  part  the  bonding  action.  Before  pouring  the  slabs,  the  snow  and  ic 
should  be  removed  from  the  cables,  and  the  roofer  should  follow  immediately  with  his  protec 
tion.  End  bays  should  be  braced  securely  with  angle  struts  and  diagonals  to  prevent  sideway 
movement  of  purlins  with  resulting  sag  of  slabs. 

On  all  but  the  so-called  "flat  roofs"  (pitch  1  in.  per  foot)  the  roof  material  will  cause  the  supporting  purlins  t 
bend  sideways  toward  the  eaves  unless  prevented  by  sag  ties  anchored  securely  to  a  braced  top  panel  or  heavy  mem 
ber  at  the  peak. 

Where  a  choice  has  to  be  made  between  several  suitable  roofing  materials,  the  fact  that  the  roof  has  to  b 

placed  during  cold  or  inclement  weather  will  probably  cause  th' 
choice  of  a  roof  easily  and  quickly  placed,  and  ofifering  leas 
opportunity  to  be  injured  by  snow  and  ice. 

^  '  fim^  ^^^'  ^^^^  Decks. 

y^  '^■F/Js/i/fv         /.-ffoofing  maivriai  183a.    Concrete. — A    reinforced    con- 

■"■CMerfiiioranderccrcrrtem      ^.^gte    slab    deck    is    (see    Fig.    249)  probably   mon 

durable  and   fire  resisting  than   anj^  other  type  o: 

roof  construction.      The  economy  of  a  concrete  slal 

depends  upon  the  amount  of  concrete  used  on  tht 

Fig.  249.-Concreteslab.  J''^\    ^^  *^^  ^°°^^  ^'^  «^  concrete,  or  if  concrete  i. 

used  extensively  on  the  job,  the  contractor  will  have 
labor   saving  machinery  at  hand  and  be  in  a  position  to  construct  the  roof  at  a  low  cost. 
Concrete  roofs  are  used  extensively  on  fireproof  buildings,  such  as  theatres,  hotels,  office  and  ^ 
loft  buildings,  factories,  etc.     Cinder  concrete  being  lighter  in  weight  than  stone  concrete  is  '^^ 
generally  used.      Piping,  shafting,  lighting  and  other  fixtures  may  be  fastened  directly  to  the  '^ 
under  side  of  the  slab  by  means  of  rods,  dowels  or  expansion  bolts.     A  concrete  roof  should 
not  be  used  where  condensation  will  take  place  unless  properly  insulated. 
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Cinder  concrete  weighs  108  lb.  per  cu.  ft.     Only  clean  steam  boiler  cinders  should  be  used.     Stone  concrete 
reighs  144  lb.  per  cu.  ft.     Reinforcement  may  be  steel  rods,  wire  mesh,  or  expanded  metal. 

1835.  HoUow  TUe.— Terra  cotta  hollow  tile  (see  Figs.  250,  251,  and  252),  both 
.orous  and  semi-porous,  are  used  for  roof  decks  in  fireproof  construction.  Either  flatorseg- 
tiental  arches  are  used  in  main  roofs.  For  flat  roofs  of  pent  houses  and  bulk  heads,  and  for 
teep  slopes  as  in  mansard  roofs,  book  tile  are  used,  supported  on  tees.  Hollow  tile  gives  a 
omparatively  light  roof  and  may  be  used  where  concrete  is  found  suitable.  Where  the  roofing 
aaterial  is  to  be  applied  directly  to  the  tile,  porous  tile  should  be  used,  as  it  will  receive  the 
ails.     The  porous  tile  will  prevent  condensation  in  ordinary  cases. 

Book  tile  is  laid  between  tees,  spaced  1  in.  farther  apart  than  the  length  of  tile.  Book  tile  for  roofs  comes  in 
arious  lengths  from  16  to  24  in.,  12  in.  wide  and  3  to  4  in.  thick.  The  24-in.  tile  is  generally  used.  Book  tile 
reighs  20  lb  per  sq.  ft.  for  3-in.  thickness  and  24  lb.  per  sq.  ft.  for  4-in.  thickness.  Roof  tile  weighs  26  lb.  per  sq. 
for  6-in.  tile;  29  lb.  for  7-in.,  32  lb.  for  8-in..  36  lb.  for  9-in.,  38  lb.  for  10-in.,  44  lb.  for  12-in.,  50  lb.  for  14-in., 
4  lb.  for  15-in.,  and  55  lb.  for  16-in. 


^.Roofing  maferial 
I    ^-l' Cement  morfarf/nlsh 
j    /   .C/nder  or  cinder  concmte  fill 
i.'     .'  /■'       (Minimum  thickness  3") 


■Term-cotta  holloiv  file 
Fig.  250. — Segmental  arch. 


/Roofing  material 
/    rl' Cement  mortar  finish 
i    I    /Cinder  or  cinder  concrete  fill 
/  /  !       (Hmimum  thicHness  3") 


rerna- cotta  tiollon  tile-^ 


B 


Ternj- cotta  tiollov  tile-^ 
Fig.  251. — Flat  arch  end  construction. 


183c.  Reinforced  Gypsum.— The  use  of  gypsum  for  roof  slabs  (see  Fig.  253)  is  a 
omparatively -modern  development.  The  first  type  used  was  tile,  3  in.  thick,  IM  ft.  long. 
,ater  on,  tile  up  to  6  ft.  were  used,  followed  by  gypsum  T-beams,  spanning  from  truss  to  truss, 
enerally  of  10-ft.  maximum  length.  The  method  used  at  the  present  time  is  to  build  a  center- 
ig  that  produces  a  4-in.  slab  and  a  T-beam  of  a  total  depth  of  6  in.  These  T-beams  are  spaced 
in.  on  centers.  In  calculating  strength,  no  part  of  the  web  is  considered  as  taking  compression, 
leaning  by  web  the  part  of  the  steam  below  the  slab  itself.  Reinforcement  is  placed  at  the 
ottom  of  the  T-beam;  and  wire  mesh,  needed  principally  for  expansion  or  contraction,  is 
laced  at  the  bottom  of  slab.^ 

Ordinary  concrete  formulas  are  used  with  the  following  working  stresses:  Compression  in  extreme  fiber,  350 
per  sq.  in.;  shear,  20  lb.  per  sq.  in.;  bond  stress,  30  lb.  per  sq.  in.;  bearing,  300  lb.  per  sq.  in.;  tension  in  steel, 
6,000  lb.  per  sq.in.     Ratio  between  moduli  of  steel  and  gypsum,  30.  ,       ,         .      .        *u 

The  gypsum  sets  quickly  and  allows  the  speedy  removal  of  forms.  As  there  is  some  heat  developed  when  the 
ypsum  hardens,  .this  property  is  useful  in  cold  weather.  The  form  work  is  executed  to  a  greater  finish  than  for 
liose  used  for  concrete. 


Tein forcing  rods-'' ' 
Fig.  253. — Reinforced  gypsum  slab. 

183f/.  Gypsum  Composition.— Gypsum  has  a  low  conductivity  for  heat  and  is  a 
ood  material  to  use  where  much  moisture  is  present  in  the  air,  as  in  power  houses,  textile 
liUs,  and  similar  manufacturing  plants.  The  suspended  system  consists  of  two  No.  12  galvanized 
old  drawn  steel  wires  twisted  together,  spaced  from  1  to  3  in.  apart  and  securely  anchored  at 
he  end  purlins  by  means  of  hooks  (see  Fig.  254).  This  system  with  a  3-in.  slab  will  span  10  ft. 
3r  a  light  roof  load.  A  4-in.  thickness  is  preferable  for  heavier  loads.  The  supporting  medium 
1  this  type  is  the  series  of  wire  cables,  the  slab  acting  as  a  covering.  An  equalizing  bar  is 
laced  at  the  middle  of  the  span  to  assure  an  equal  deflection  of  the  cables.  The  slab  is  porous, 
s  there  is  present  with  the  gypsum  other  substances  as  cocoanut  fiber,  shavings,  or  even  as- 

1  Eng.  Rec.  Dec.  16,  1916,  by  Virgil  G.  Marani.  Cons.  Engr.,  Cleveland,  O. 
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bestos  chips.  In  selecting  this  roof  slab,  inquiry  should  be  made  as  to  whether  the  admixture 
are  apt  to  cause  discoloration  or  flaking  on  the  underside  of  the  slab.  The  slab  should  b 
promptly  protected  from  snow  and  ice  which  quickly  injure  a  porous  slab.  The  lightness  o 
the  material,  about  4  lb.  per  in.  of  thickness,  causes  economy  in  the  supporting  trusses  am 
purlins. 

183e.  Wood. — Wooden  roofs  are  used  in  mill  construction  and  on  frame  build 
ings,  and  also  on  steel  structures  where  the  fire  hazard  is  negligible  (sec  Figs.  255,  256,  and  257^ 
In  frame  construction,  the  rafters  are  generally  spaced  16  in.  on  centers,  covered  mth  Ji-ic 


.■/rbcf/ny  mahgrial 


Fig.  254. — Suspended  gypsum  composition  slab. 


HecTiy  roof  b0jm:^.jA 
Fig.  255. — Mill  construction. 


Fig.  256. — Steel  construction. 
/■••  TRC.  Sheathing 


Fig.  257. — Double  sheathing. 
T»G  Sheaf  hit 


Fig.  258. — "French"  or  diagonal  method  of  laying 
asbestos  shingles. 


Fig.  259. — "American"  or  straight  method  of  laying 
asbestos  shingles. 


matched  sheathing.  Where  shingles,  tile,  or  slate  is  to  be  used,  roofing  slats  may  be  use 
omitting  the  plank — thus  allowing  a  space  of  2  to  3  in  between  the  slats.  In  mill  constructio 
heavy  roof  timbers  are  used  with  purlins  spaced  5  to  6  ft.  apart  with  a  3-in.  plank  shcathiri 
With  steel  construction,  nailing  pieces  must  be  bolted  to  the  purlins.  Either  a  single  thickne 
of  plank  heavy  enough  to  sustain  the  loading  may  be  used,  or  two  thicknesses  of  plank,  tl 
second  layer  applied  diagonally.  If  wooden  purlins  are  used,  clips  are  provided  on  the  truss 
for  attaching  the  purlins. 
184.  Roof  Coverings. 

184a.  Shingles. — Shingles  are  made  of  asbestos,  wood,  or  metal.  Ashest 
Shingles. — Several  makes  of  asbestos  shingles  are  on  the  market.  They  are  made  of  abo 
15%  asbestos  fiber  and  85%  Portland  or  hydraulic  cement,  formed  under  a  pressu 
of  700  tons  per  sq.  ft.  Asbestos  shingles  are  very  durable  and  suffer  very  little  from  the  climat 
conditions.     They  are  also  fireproof,  affording  protection  against  sparks.     These  shingles  ct 
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be  cut  with  a  saw.  They  should  be  applied  on  matched  sheathing  covered  with  slaters'  felt  or 
waterproof  paper  (see  Figs.  258  and  259).  Galvanized  iron  or  copper  nails  should  be  used  for 
fastening.     Weight  of  asbestos  shingles,  2K  to  4^^  lb. per  sq.  ft. 

Wooden  Shingles. — Wooden  shingles  are  made  of  cypress,  cedar,  redwood,  white  and  yellow 
pine,  and  spruce — the  lasting  qualities  in  the  order  given.  White  cypress  shingles  are  the 
most  durable.  Redwood  shingles  are  the  least  inflammable,  and  are  used  extensively  along  the 
Pacific  Coast.  A  sliingle  roof  should  have  a  slope  of  6  in.  to  the  foot,  except  for  less  important 
roofs  where  43^  in.  to  the  foot  may  be  used.  Shingles  may  be  nailed  to  slats,  or  a  plank  sheath- 
ing may  be  used  covered  with  waterproof  paper  or  felt  (see  Figs.  260  and  261).  Standard  size 
of  wooden  shingles :  20  in.  long,  23-^  to  16  in.  wide,  ^f  e  in.  thick  at  butt  end.  1000  .shingles  4  in. 
wide  will  lay  111  sq.  ft.  of  roof  surface  with  4-in.  gage  (exposure  to  weather),  125  sq.  ft.  with 


/rbW//79  lafh.-'-^^ '  -  - 1-  ■  ■  -  r  IV 


liCSheafhing 


Fig.  260. — Slat  method  of  laying  wooden  shingles.        Fig.  261. — Sheathing  method  of  laying  wooden  shingles. 

43'2-in.  gage,  and  139  sq.  ft.  with  5-in.  gage.  It  will  take  900  shingles  to  cover  1000  sq.  ft. 
with  a  4-in.  gage,  800  with  a  4K-in.  gage,  and  720  with  a  5-in.  gage.  Five  pounds  of  three- 
penny nails  or  7M  lb.  of  four-penny  nails  should  be  provided  for  1000  shingles.  A  man  will  lay 
from  1000  to  1500,  4-in.  shingles  per  day  according  to  the  class  of  work.  For  hip  and  valley 
roofs  5  %  should  be  added  for  cutting,  and  irregular  roofs  with  dormers,  10  %  should  be  added. 

When  the  space  under  the  shingles  is  to  be  occupied,  the  sheathing  method  is  the  one  to  be  preferred  on  account 
of  protection  from  heat  and  cold.  The  open  slat  method  gives  longer  life  on  account  of  more  ventilation.  The 
life  of  shingles  may  be  prolonged  by  dipping  them  in  linseed  oil  or  creosote. 

Metal  Shingles. — Metal  shingles  are  made  of  tin,  galvanized  steel,  galvanized  iron,  zinc, 
or  copper.  They  are  generally  made  interlocking  and  have  stiffener  ribs,  and  are  made  in 
many  shapes  and  sizes.  At  present  they  are  not  much  used,  having  no  great  advantage  over 
wooden  shingles. 

1846.  Slate. — Slate  comes  in  sizes  from  7  X  9  in.  to  24  X44in.,  and  from  }4 
to  ^  in.  thick.  The  common  roofing  sizes  used  are  12  X  16  in.,  12  X  18  in.,  12  X  20  in.,  and 
14  X  24  in.  Common  thicknesses  are  %6  in.  and  3-^  in.  The  %6-in- 
thickness  weighs  6)^  lb.  laid,  and  the  }-i  in.  weighs  8  lb.  Slate 
should  be  laid  with  a  lap  of  3  in.  over  the  second  course  below  (see 
Fig.  262).  The  top  course  along  the  ridge,  2  to  4  ft.  from  gutters 
and  1  ft.  from  the  hips  and  valleys,  should  be  laid  in  elastic  cement. 
A  man  can  lay  2>^  squares  of  slate  per  day.  The  slope  of  roof 
should  be  6  in.  per  ft.  for  14  X  24-in.  slate  and  8  in.  per  ft.  for 
smaller  slate.  For  small  sizes  3  penny  nails  should  be  used,  and  for 
12  X  20  in.  and  over,  4  penny  nails.  All  holes  should  be  drilled. 
A  hard  slate  should  be  selected  of  the  tough  and  springy  variety.  If  slate  is  too  soft,  holes 
become  enlarged ;  if  too  brittle,  the  slate  breaks  when  squaring  and  in  shipment.  Slate  should 
be  laid  on  slats  or  sheathing  with  a  paper  or  felt  base. 

184c.  Tin. — Tin  has  been  used  extensively  on  dwellings,  public  buildings  and 
factories.  If  kept  continually  and  thoroughly  covered  with  red  lead  or  oxide,  with  pure 
linseed  oil,  a  tin  roof  properly  laid  will  last,  in  a  dry  climate,  from  30  to  50  yr.  Much  depends 
on  the  quality  of  the  iron  and  method  of  coating  w^ith  tin.  The  pure  iron  plates  recently 
brought  out,  such  as  the  Armco  iron,  appear  very  good.  As  with  all  metal  roofs,  salt  air 
shortens  the  life.     Tar  paint  or  tar  paper  should  never  be  used  for  tin  roofs.     The  I.  C.  grade 

38 


Fig.   262.— Slate  roof. 
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S^eefM  Qeaf-  Sheet  Nal 


(c) 


Standing  Seam 
Fig.   263. — Tin  roofs. 


of  tin  should  be  used  for  roofs  as  it  does  not  expand  as  much  as  the  heavier  I.  X.  grade. 
Sheets  come  in  sizes  of  10  X  14  in.  and  multiples,  and  weigh  50  lb.  per  square  before  the  tin 
is  applied.  General  sizes  used,  are  14  X  20  in.,  and  20  X  28  in.  The  20  X  28-in.  sheets  are 
easier  to  applj'  but  the  smaller,  having  more  seams,  make  a  stiffer  roof.  Tin  must  not  be  used 
on  roofs  where  people  are  apt  to  walk.  Roofs  with  a  slope  of  less  than  4  in.  to  the  foot  shoulc 
have  flat  seams  (soldered);  steeper  slopes  may  use  standing  seams  (not  soldered).  Flal 
seams  should  have  edges  turned  H  in.  and  locked.     Standing  seams  should  have  one  edg( 

turned  l}i  in.  and  the  other  edge  turned  IH  in.  per 
pendicular  to  the  sheet.  After  placing  high  and  Iots 
standing  edges  together,  the  edges  should  be  bent  ove: 
and  curled  (see  Fig.  263).  Standing  seams  need  not  b( 
soldered.  The  cross  seams  are,  of  course,  flat  solderec 
■|  1  seams.     Long  strips  are  made  up  in  the  shops,  the  sidi 

""I  ^^^^^^^B  seams  formed  on  the  roof.      All  flat  seams  should  b' 

locked  and  soldered,  sweating  the  solder  into  the  seams 
Cleats  should  be  folded  into  the  seams  and  spaced  8  in 
apart  for  flat  seams  and  12  in.  apart  for  standing  seams 
Each  cleat  should  be  nailed  into  the  roof  vrith  two  1-iri 
barbed  tinned  wire  nails.  14  X  20-in  sheets  should  b 
used  for  flat  seams  and  20  X  28  in.  for  standing  seams.  Acid  should  never  be  used  as 
flux  for  soldering  tin.  Rosin  is  much  to  be  preferred.  Felt  or  waterproof  paper  may  be  use. 
under  the  tin  but  never  tar  or  tarred  paper.  With  flat  seams  a  box  of  112,  14  X  20-ir 
sheets  will  lay  180  sq.  ft.,  or  625  sheets  per  1000  sq.  ft.  With  standing  seams  a  box  of  Hi 
20  X  28-in.  sheets  will  lay  356  sq.  ft.  or  312  sheets  per  1000  sq.  ft. 

184d.  Copper. — Copper  is  used  extensively  on  buildings  of  the  better  class  fc 
ornamental  purposes,  and  also  on  domes,  mansards,  etc.,  where  a  durable  and  light  roof  is  n 
quired.  Its  first  cost  is  high,  but  it  requires  no  paint 
and  the  upkeep  is  low. 

In  hot  climates  copper  is  not  so  durable  as  in 
-- - — the  temperate  zone  and  will  oxidize;  great  heat,  gen- 
erally, causing  oxidation  and  buckling.  In  moderate 
climates  the  metal  takes  on  a  coating  of  carbonate 
of  copper  and  turns  green,  and  this  action  prevents 
the  deterioration  from  going  deeper.  As  compared 
with  lead,  it  will  not  creep  on  steep  roofs  from  expansion.  It  is  ductile,  tenacious,  an 
malleable,  thus  easily  worked.  It  has  less  expansion  and  is  more  durable  than  zinc,  an 
presents  a  fine  appearance.  Owing  to  recent  high  cost,  zinc,  and  at  times  lead,  has  been  use 
instead  of  copper.  Lap  seams  should  be  avoided  wherever  possible,  using  instead  trough  c 
roll  seams  (see  Fig.  264).  Copper  sheets  come  in  sizes  24  X  48  in.  to  72  X  48  in.  Solderin 
should  be  avoided  as  much  as  possible.     When  soldering  is  necessary  rosin  should  be  used  fc 

the  flux.     The  usual  sheet  for  roofing  weigl: 
Capsfrip-;^^^^af5-z"wiile-ii'hi6'aparf  16  oz.  per  sq.  ft.     See  booklets  of  the  Coppe 

and  Brass  Research  Association,  New  Yort 
for  other  copper  roofing  details. 

184f.  Zinc. — As  a  roofing  m; 

terial  zinc  is  gaining  in  use  in  the  Unite 

States,  and  has  been  used  very  extensivel 

in    Europe.     LTsually     16-oz.     zinc    sheel 

are  specified.     Zinc   must  not  be  used  i 

contact  with  other  metals,  except  iron,  on  account  of  the  setting  up  of  galvanic  action  due  t 

the  almost  universal  presence  of  moisture.     When  used  on  wood  containing  some  acid,  a  layt 

of  building  paper  or  felt  should  be  interposed.     Zinc  is  soluble  in  diluted  acids,  and  is  attacke 

to  some  extent  by  salt  air,  soot,  and  acids  in  some  lumber  with  which  it  may  come  in  contad 

In  a  dry  clean  air,  zinc  is  very  durable;  it  can  not  be  bent  and  twisted  like  lead,  all  sharp  bend 


r- 


Fig.  264. — Copper  roofs. 


Sloping  Seam 


Seam  For  Hat  Roofe  or 
Longif-udinal  Seam  tor 
Sloping  Roofs 


Fig.   265. — Zinc  roofs. 
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Small  Carved 
Surfaces 


Drip  Me+hods 

Fig.   26G. — Lead  roofs. 


?quiring  cutting  and  soldering.     Zinc  may  be  laid  like  tin  with  standing  joints,  but  it  must 

e  remembered  that  zinc  has  a  much  greater  coefficient  of  expansion,  which  is  the  basic  idea  in 

11  details  for  zinc  construction  (see  Fig.  265).     The  expansion  "roll  cap"  is  recommended  for 

11  seams  running  up  and  down  the  roof.     In  Europe  corrugated  zinc  sheets  are  used. 

184/.  Lead. — Lead  is  used  for  roofing  on  small  curved  siu-faces,  and  on  roofs 

here  there  are  a  number  of  corners  and  projections  to  cover.     It  is  easily  bossed  and  stretched 

nd  can  be  made  to  fit  warped  sur- 

ices    without    cutting    or   soldering. 

V^hile  heavier  than   zinc    or  tin,  the 

3duction  in  labor  may  overcome  the 

andicap  of  more  weight  and  greater 

ost.      Lead  has  a  large  coefficient  of 

xpansion    and    will   creep    on  steep 

3ofs.      It  should  not  be  used  for  a 

reater  stretch  than  10  to  12  ft.  wlth- 

ut  a  joint  roll  or  drip.     It  comes  in 

ast  sheets  6  ft.  wide  and  16  to  18  ft.  long,  and  in  rolled  sheets  6)4  to  7  ft.  wide  and  25  to  35  ft. 

)ng.     Roofing  lead  should  weigh  7  lb.  per  sq.  ft.     A  greater  pitch  than  1  in.  per  foot  should 

ot  be  used  vmless  creeping  is  amply  provided  for.      Narrow  thick  plank  should  be  used  to 

revent  warping,  so  that  raised  edges  will  not  cut  the  lead.     Lead  should  not  be  nailed  or 
*1oldered.     Locks  and  welts  should  be  used.     If  possible,  horizontal  joints  should  be  made  by 

roviding   drips    (see   Fig.   266).      Joints  from  ridge  to  eaves  should  be  made  on  a  2  to  3-in. 

ound.     All  sharp  corners  should  be  avoided. 

ISig.  Corrugated  Steel. — Corrugated  steel  roofing  is  generally  laid  directly  on  pur- 
ins,  but  sheathing  may  also  be  used.     It  offers  a  rapid  means  of  roofing  at  a  low  first  cost.     Cor- 

ugated  steel  is  extensively  used  for  mill  buildings,  train  sheds,  foundries,  wharves,  skip  bridges, 
^nine  buildings,  sheds,  etc.     It  should  not  be  used  for  a  smaller  slope  than  4  in.  per  ft.  unless  a 

longer  lap  is  used.  For  long  life  the  sheets  should  be 
kept  painted,  particular  attention  being  paid  to  the 
sheets  along  the  eaves  and  gables,  and  around  the  stacks 
or  other  openings.  Corrugated  sheets  come  in  26-in. 
widths  with  2J^  X  %-in.  corrugation  as  a  standard. 
Sheets  are  generally  laid  on  the  roof  with  the  end  lap  6 
in.  and  side  lap  two  corrugations,  the  net  covering  width 
2lH  in.,  the  usual  thickness  No.  20  or  No.  22  gage. 
The  sheets  are  fastened  to  the  purlins  with  straps  or 
clips  (see  Fig.  267).     Clips  are  made  of  No.  16  steel,  IH 

n.  wide  X  2}^  in.  long  crimped  one  end  to  go  over  the  edge  of  beam  or  channel  flange. 
"•i  straps  make  a  better  roof.     Straps  are  made  of  No.  18  steel,  ^^  in.  wide,  passed  around  the 

)urlins  and  bolted  to  sheets  with  Ke-in.  stove  bolts,  one  strap  to  the  linear  foot.     One  bundle 

)f  hoop  steel  weighs  50  lb.  and  contains  400  ft. 

To  avoid  condensation,  an  asbestos  lining  (anti-condensation  lining)  should  be  placed  under  sheets,  or  plank 

heathing  should  be  used.     Sheets  are  either  galvanized  or  not-galvanized   (black).     Black  sheets  must  always 

)e  painted,  preferably  with  red  lead  or  iron  oxide  with  pure  linseed  oil.     Where  corrosive  gases  attack  the  sheets, 

uais  in  smelters  where  sulphurous  gases  are  produced,  asphalt,  graphite,  or  tar  paints  (pure)  should  be  used,  as  they 

)rovide  a  more  inert  paint  body. 

Corrugated  steel  is  nailed  to  wooden  sheathing  with  barbed  wire  nails,  8  penny  size  spaced  12  in.  apart. 
16  nails  weigh  about  1  lb.  20%  excess  should  be  added  for  waste — No.  22  gage  corrugated  sheets  weigh  170  lb. 
ler  square,  black,  and  190  lb.  galvanized.  No.  20  gage  sheets  weigh  205  lb.  and  225  lb.  respectively,  laid,  including 
!  corrugations  for  side  lap,  6-in.  end  lap,  sheet  8  ft.  long  X  26  in.  wide. 

184/i.  Asbestos  Protected  Metal. — Asbestos  protected  metal  consists  of  a  steel 
*!ore  encased  in  successive  layers  of  asphalt,  asbestos,  and  a  heavy  waterproofing  envelop, 
orrugated  sheets  come  in  28-in.  widths,  2i^-in.  corrugations  and  5  to  12-ft.  lengths.  Net 
fcovered  space,  when  laid,  with  m-in  corrugation  lap  is  24  in.  This  roofing  is  corrosion  proof 
'''igainst  acid  fumes,  corrosive  gaseSj  salt  air,  moisture,  and  alkalies.     Having  small  conductivity 


Fig.   267. — Corrugated  steel. 
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for  heat  and  electricity,  it  is  well  fitted  for  many  uses  where  plain  steel  sheets  are  not  suitable. 
Thus,  it  is  an  excellent  material  for  conditions   of  high  humidity  and  large  difference  in  tem- 
perature, inside  and  outside  of  building.     It  is  light,  and  is  applied  in  the 
Mansard  5hee+$     same  way  as  corrugated  steel;  or  aluminum,   galvanized   iron,  or  copper 
hangers  may  be  used.     Purlins  should  be  spaced  from  3  ft.  10  in.  for  No. 

Fig    268  o  ./ 

26  gage  up  to  7  ft.  10  in.  for  No.  18  gage,  on  a  slope  of  4  in.  or  more  m  12 
in.  Colors  are  terra  cotta,  dark  grey,  and  white.  Special  mansard  roof  sheets  28  in.  wide 
X  5  to  10  ft.  long  are  made,  beads  }i  in.  high,  IH  in-  wide,  spaced  6J-2  in.  on  centers  (see 
Fig.  268).     These  sheets  lay  26  in.  to  the  weather. 

1841  Asbestos  Corrugated  Sheathing. — Asbestos  corrugated  sheathing  consists 
of  asbestos  fiber  and  hydraulic  or  Portland  cement  mixed  with  water  and  sub- 
jected  to  a  pressure  of  9000  lb.  per  sq.  in.     These  sheets  have  a  hard,  smooth      v?^^'"'^'"^. 
surface,  and  make  a  light,  permanent,  fireproof  roof.     They  are  not  affected  ^  ^^ 
by  acid  fumes,  moisture,  or  other  corrosive  agencies  and  are  insulators  of  heat 
and  electricity.     Purlins  may  be  spaced  3  ft.  apart;  aluminum  wire   with  lead 
washers  are  used  for  fastening  the  purlins  (see  Fig.  269).     The  asbestos  sheets  are  manufac- 
tured in  lengths  from  4  to  10  ft.,  27>2  in.  wide,  1  in.  deep,  and  on  the  average  %6  in.  thick. 

184j.  Slag  or  Gravel  Roofiing. — Slag  or  gravel  roofing  may  be  laid  on  concrete 
or  gypsum  slab,  or  on  plank  roofing.  With  plank  sheathing  the  roof  should  first  be  covered 
with  dry  felt.  Then  two-ply  felt  (tarred)  is  laid  and  mopped  with  pitch.  Then  on  top  of  this  ^ 
three-ply  tarred  felt  is  laid  and  mopped  on  top  with  pitch.  While  the  pitch  is  soft,  it  is  covered 
with  3  lb.  per  sq.  ft.  of  crushed  slag  or  4  lb.  per  sq.  ft.  of  clean  gravel,  well  screened,  of  }i  to  ^-g- 
in.  size.  With  a  concrete  or  gypsum  slab  the  felt  should  be  omitted  and  the  slab  mopped  with 
pitch  before  laying  the  tarred  felt.  If  the  slab  has  a  pitch  of  more  than  1  in.  in  12  in.,  provision 
should  be  made  for  nailing.  Asphaltic  felt  and  pitch  may  be  substituted  for  coal  tar  felt  and 
pitch.  A  good  gravel  or  slag  roof  should  last  for  20  to  25  yr.  and  is  more  fireproof  than  tin. 
Oils  of  asphalt  do  not  evaporate  as  quickly  as  those  of  coal  tar; hence  the  life  and  flexibility  of 
the  asphalt  gravel  roof  is  the  greater. 

184/c.  Prepared  Roofing. — There  are  several  brands  of  preparecj  roofing  on  the 
market.     Such  roofings  are  composed  of  either  paper,  felt,  or  asbestos  paper  and  saturated  with 

different  brands  of  waterproofing  compounds,  and  are  gener- 
ally laid  on  a  plank  sheathing  of  matched  boards.  They  are 
lapped  at  the  edges  and  nailed  to  the  roof  with  galvanized 
iron  nails  and  tin  washers,  and  the  seams  are  thoroughly 
cemented  together  (see  Fig.  270).  With  some  brands  the  en- 
tire surface  is  covered  with  a  water-proof  cement  and  pow- 
v-         .  _,  dered  asbestos  sprinkled  on  the  surface.      On  sloping  surfaces 

^-/M^/7  roDf/ng  oreredge  ^  i 

of  4  in.  or  more  in   12  in.,  it  is  not  necessarv  to  cement  the 
Fig.  270.-Prepared  roofing.       ^^^^^   .^  ^^^  ^oo^x,^  is  laid  parallel  to  the  eaves  and  there  is 

enough  lap  to  prevent  the  rain  from  driving  in. 

184L  Clay  Tile. — Clay  tile  for  roofing  is  made  in  several  different  forms — Spanish 
tile,  Pan  tile,  Ludowici  tile,  plain  tile,  and  several  others.  Plain  tile  come  in  sizes  6 14  X  10 12  X  ^s 
in.  and  are  laid  the  same  as  slate,  with  one-half  the  length  to  the  weather.  Spanish  tile,  Pan 
tile,  and  Ludowici  tile,  aie  of  the  interlocking  type,  and  may  be  laid  on  angle  sub-purlins,  plank 
sheathing,  or  book  tile.  When  laid  on  angle  sub-purlins,  the  tile  is  fastened  with  copper  wire. 
The  underside  of  the  joints  should  be  pointed  to  prevent  dust  and  dry  snow  from  drifting  in. 
A  porous,  non-sweating  tile,  glazed  on  the  top  surface  only,  should  be  used  where  there  is  danger 
of  condensation.  With  book  tile  or  plank  sheathing,  felt  should  be  used  and  the  tile  nailed  on 
with  copper  nails.      Clay  tile  weighs  from  750  to  1400  lb.  per  100  sq.  ft. 

184m.  Cement  Tile. — On  buildings  where  a  permanent,  rapidly  constructed  roof 
is  essential,  cement  tile  serve  the  purpose  admirably.  These  tile  are  made  of  clean  sharp  sand 
and  Portland  cement,  reinforced  with  steel.  They  are  made  in  two  styles,  interlocking  tile 
for  sloping  roofs  and  flat  tile  for  flat  roofs.  The  interlocking  tile  comes  in  various  sizes;  the 
most  common  are  26  X  52  X  %  in.,  lay  24  X  48  in.  to  the  weather,  and  weigh  about  141b.  per 
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[.  ft.  They  have  a  projection  along  the  upper  edge  which  hooks  over  the  purlin.  One  side 
IS  a  roll,  and  the  other  side  a  rabbet.  Tiles  are  interlocked  by  placing  the  roll  of  one  tile  over 
le  rabbet  of  another  (see  Fig.  271).  Horizontal  joints  are  made  by  lapping  one  tile  over  the 
le  below.  No  fastening  is  necessary.  Flat  tiles  are  used  for  roofs  with  a  pitch  of  less  than 
i  in.  in  12  in.     These  are  IK  in.  thick  and  are  laid  on  I-beam  purlins,  spaced  5  ft.  on  centers. 


MarS' 


Truacon  Rteinforced  Cemenf'  Tile 


•(^^tsa 


Fig.  271. 


Bonanza  Tile 
-Cement  tile. 


he  joints  are  pointed  and  the  surface  is  covered 
ith  composition  roofing. 

184n.  Metal  Tile. — Metal  tiles  are 
amped  out  of  sheet  steel,  copper,  tin,  and  zinc, 

imitate  clay  tile.  They  are  very  light,  and  the 
rst  cost  is  less  than  clay  tile.  They  are  made  in 
fferent  patterns  and  sizes,  and  are  interlocking. 
3  a  rule  they  are  nailed  to  wood  sheathing 
)vered  with  felt.     Metal  tiles  are  not  so  durable 

clay  tile  and  require  frequent  painting. 

184o.  Glass. — Glass  roofs  are  used 
:i  domes,  greenhouses,  and  public  buildings,  and 

factories  and  mill  buildings  where  daylight  is 
isential.  For  greenhouses,  flat,  plain  glass  is 
merally  used.  Wire  glass,  however,  is  used  where  strength  is  required.  Ribbed  or  other 
ass  with  a  rough  surface  should  not  be  used  for  this  purpose  as  it  diffuses  the  light  rays.  On 
Dmes,  a  heavy  wire  glass  with  a  surface  having  ribs  or  prisms  on  one  side  is  required,  as 
lere  it  is  necessary  to  diffuse  the  hght  rays  as  well  as  the  heat  rays.  On  factories  and  mill 
uildings,  the  usual  practice  is  to  have  glass  inserts,  although  a  few  buildings  have  been  con- 
,ructed  with  the  entire  roof  made  of  glass.  Actinic  glass  may  be  used  for  roofs  and  skylights 
I  warehouses  or  other  buildings  containing  goods  which  may  be  subject  to  fading  by  ordinary 
inlight.  Glass  inserts  may  be  cast  in  cement  tile  slabs,  or  corrugated  glass  sheets  may  be 
sed,  reinforced  with  wire,  in  conjunction  with  corrugated  steel,  asbestos,  or  asbestos-protected 
etal  sheets. 

Leadwashen.^   a;  ..Brass bo/f 
Asphaff- roofing sfr/p  ^'^  .-Zf/l^o.tA gage mek/ strip 
under  weial^  strip 

l^eta[5th^^^i3''Cornw/re  glass       Asptialt  filler... 
5ide  Joint        . 


.-Brass  bolt  &  nut 

'Aibeslos  protected 
'e  fat  spring  cap 

■Aspfialt 
'cushion 

\Asbe5to5pn)tected metat 
condensation  gutter 


End  Joinf 
Corrugated  Wire  Glass 

Fjg.  272.— Glass  roofs 


AsptTatf- fe/t 


"Asixstos protected  T 
Aspromet  Glazing  Construction' 


Corrugated  glass  sheets  are  5K  ft.  long,  26  in.  wide,  and  J-i  in.  thick;  other  lengths,  however,  may  be  obtained, 
he  corrugations  are  made  to  fit  standard  corrugated  steel  sheets.  The  sheets  are  fastened  to  the  purlins  by  means 
clips.  They  should  have  no  side  lap  but  should  be  fastened  together  by  placing  a  3-in.  strip  of  asphalt  felt  along 
e  joint  and  a  3-in.  strip  of  No.  24  gage  under  the  joint.  Bolts,  H-in.  diameter,  passing  between  the  glass  sheets 
id  spaced  about  10  or  12  in.  apart  should  be  used  to  clamp  the  whole  joint  together  (see  Fig.  272).  End  joints 
ould  be  made  by  lapping  the  sheets  2  in.,  preferably  over  a  purlin.  Strips  of  asphalt  felt  2-in.  wide  should  be  used 
1  top  of  the  purlins  and  between  the  sheets. 

Flat  glass  sheets  have  end  laps,  and  the  side  joints  are  made  water  tight  by  means  of  a  spring  cap.     No  putty 
used.     Flat  glass  weighs  about  Z\i  lb.  per  sq.  ft.  and  corrugated  glass  about  4?^,  for  Ji-in.  thickness. 

185.  Condensation  on  Roofs. — Condensation  takes  place  when  the  temperature  inside  the 
uilding  is  much  higher  than  the  outside  and  when  there  is  enough  moisture  in  the  air  to  reach 
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the  dewpoint.     The  best  of  ventilation  is  necessary  to  prevent  condensation.     In  buildin 
where  there  is  Uttle  or  no  heat,  condensation  can  be  wholly  avoided  by  proper  ventilation. 

Tar  and  gravel  roofing  is  a  poor  insulator  and,  when  used  on  plank  sheathing,  there  is  danger  of  decay  of  t 
wood  where  such  roofs  are  subject  to  heat  and  moisture.  The  warm  air  goes  through  the  plank  quite  readily  a 
strikes  the  cold  under  surface  of  the  roofing  causing  condensation.  During  the  heating  season  the  upper  surface 
the  plank  is  continually  moist.     This  may  occur  near  the  peaks  where  the  hot  vapors  abound. 

To  prevent  condensation  forming  under  concrete  slabs  they  must  be  insulated.     This  may  bs  done  by  insul; 
ing  the  outer  surface  from  cold  or  the  inner  from  heat  radiation.     In  the  latter  method  the  slab  will  not  only  be 
sulated  on  the  inner  surface  but  will  also  be  insulated  to  a  certain  degree  by  the  roofing  material  on  the  outsidi 

185a.  Methods  of  Insulating  Roofs  on  the  Outside. — There  are  several  methoi 
of  insulating  roofs  on  the  outside. 

A  cinder  fill  is  probably  the  most  extensively  used  for  insulating  a  concrete  roof  slab,  as 
serves  the  double  purpose  of  insulation  and  drainage.  This  provides  an  efficient  insulation  f 
buildings  except  where  there  is  excessive  moisture  present  as  in  paper  mills,  power  houses,  et 

A  cinder  concrete  fill  also  makes  a  good  insulation  for  a  concrete  slab,  but  is  not  quite 
efficient  as  cinder  fill,  and  is  more  costly. 

A  3  or  4-in.  soft  clay  partition  type  hollow  tile  laid  end  to  end,  to  provide  a  continuous  £ 
space,  makes  an  excellent  insulation  for  all  types  of  buildings.     Plastic  cement  should  be  la 
at  the  walls  to  take  care  of  the  expansion.     Hollow  tile  can  only  be  used  on  sloping  roofs 
it  does  not  provide  for  drainage. 

A  combination  of  hollow  tile  and  cinder  fill  probably  gives  the  best  insulation  that  can  " 
constructed  without  the  use  of  cork.  It  combines  the  advantages  of  both  the  cinder  fill  ai 
the  hollow  tile,  and  provides  a  drainage  for  the  flat  slab. 

A  double  roof  construction  on  concrete  slabs,  consisting  of  the  usual  slab  and  a  thin  auxiliary  slab  support 
on  a  wood  frame  construction,  gives  very  good  results,  but  is  expensive  and  non-fireproof. 

Roofing  blankets,  consisting  of  felt  or  heavy  tar  or  building  paper  placed  under  roofing  material,  will  givt 
sufficient  insulation  for  buildings  used  for  light  manufacturing  purposes,  warehouses,  etc.,  where  very  little  moisti 
is  present.  A  blanket  of  one  or  two  layers  of  cork  1  in.  thick  gives  excellent  results  but  is  expensive.  Cork  in  ct 
junction  with  hollow  tile  gives  an  insulation  that  is  practically  perfect. 

1856.  Methods  of  Insulating  Roofs  on  the  Inside. — Roofs  insulated  on  the  insi< 
by  means  of  suspended  ceilings  give  good  results  for  all  classes  of  buildings,  paper  mills,  text; 
mills,  power  houses,  etc.  This  forms  a  dead  air  space  which  prevents  radiation  of  her 
Metal  lath  is  hung  below  the  slab  and  covered  with  plaster  (1  part  hydrated  lime,  5  par 
Portland  cement  and  12  parts  sand,  mixed  before  water  is  added,  and  containing  long  cc 
hair).     There  is  danger  of  the  metal  lath  rusting  and  it  will  not  stand  a  hot  fire. 

Gypsum  is  a  fine  material  to  use  for  slabs  where  condensation  is  feared.  It  requires  i 
other  insulation  and  has  given  good  satisfaction  on  many  buildings. 

Asbestos  provides  another  means  of  insulation  and  is  used  in  the  form  of  asbest' 
corrugated  sheathing  and  asbestos  protected  metal. 

When  corrugated  steel  sheets  are  used  in  mill  buildings,  an  effective  insulation  consists  of  one  or  two  layers 
asbestos  paper,  followed  by  two  layers  of  building  paper,  placed  under  the  corrugated  steel  sheets,  and  prevent    - 
from  sag  by  a  wire  netting  stretched  over  the  steel  purlins.     This  is  the  simplest  form  for  an  inexpensive  roof. 


186.  Parapet  Walls. — Buildings  with  exterior  and  division  walls  of  masonry  shou 
have  parapet  walls  formed  by  building  the  walls  above  the  roof,  except  in  detacht 
buildings  with  overhanging  eaves  where  a  cornice  is  used.  For  residence  buildings  parap' 
walls  should  be  8  in.  tliick  and  extend  2  ft.  above  the  roof  for  exterior  walls  and  8  in.  f( 
divi&ion  Walls.  For  public  and  business  buildings  they  should  be  12  in.  thick  and  e.xtcnd  3  f 
above  the  roof.  Parapet  walls  are  coped  with  terra  cotta,  stone,  concrete,  or  cast  iron.  Par; 
pet  walls  are  a  protection  against  fire  (see  Art.  209  for  details). 

187.  Cornices. — Cornices  made  of  sheet  metal  are  often  used  instead  of  parap< 
walls.  Better  architectural  effects  may  thus  be  obtained  and  the  cornices  may  be  worked  i 
with  the  gutter.  Brackets  of  sufficient  strength  must  be  provided  for  the  cornices  (see  Ar 
208  for  details). 


lee.  3-1S8]  STRUCTURAL  DATA  605 

ROOF  DRAINAGE 

By  John  S.  Branne 

When  the  designer  has  determined  upon  the  best  roof  for  a  building,  in  the  sense  of  the  most 

uitable  roof  at  the  least  cost,  he  must  also  have  solved,  generally,  the  problems  of  getting  rid 

f  the  roof  water.     A  carefullj'  planned  roof  drainage  has  much  influence  on  the  life  of  the  roof 

ill  nd  roof  covering,  and  contributes,  although  to  a  lesser  degree,  to  the  sightliness  of  the  struc- 

ure  and  to  the  convenience  of  tenants. 

188.  Provisions  for  Proper  Drainage. 

188a.  Pitch. — A  roof,  in  order  to  be  watertight,  must  have  sufficient  pitch  or 
lope  to  shed  the  w  ater  and  prevent  it  from  blowing  or  backing  in  under  the  roofing.  With  a 
Baled  roof  covering  only  enough  slope  to  enable  the  water  to  flow  off  is  necessary,  but  with  a 
hingle,  tile,  corrugated  steel,  or  slate  roof  more  slope  must  be  provided  to  prevent  the  water 
'om  backing  up  and  running  into  the  building  at  the  horizontal  laps.  The  following  slopes  are 
he  minimum  that  should  be  used  for  various  roof  coverings:  wood  shingles,  6  in.  vertical  to  12 
1.  horizontal;  slate,  6  in.;  tile,  4  to  7  in.;  corrugated  sheathing,  4  in.;  metal  flat  seams,  J-^ 
;a  i;  metal  standing  seams,  8  in. ;  ready  roofing,  1  in. ;  slag,  J  2  in, ;  and  gravel  ^-^  in. 

188b.  Flashing. — One  of  the  most  important  things  about  a  roof  is  the  flashing, 
lashing  may  be  of  Ix  tin,  16-oz.  copper,  14-oz.  zinc,  or  composition.  It  should  be  high  enough 
D  prevent  the  water  from  backing  up  or  flowing  over  the  top  (see  Fig.  273a).     Narrow  flashings 


Counferflashmg 


Fig.  273.— Flashing. 

rti  re  frequently  used  with  a  mistaken  idea  of  economy,  and  always  are  a  source  of  trouble.  Along 
wall,  the  flashing  should  extend  8  to  10  in.,  or  higher  if  there  is  danger  of  the  water  backing  up, 
ue  to  the  clogging  of  roof  leaders,  causing  water  pockets.     With  corrugated  sheets,  flashing 

coJ!  used  with  one  wing  corrugated  to  match  the  sheets,  covered  with  a  two  corrugation  lap  (see 
ig.  273&).     In  valleys  and  around  stacks  on   a  sheet  metal  roof,  the  flashing  should  extend  in 

iij2  in.  (or  more)  up  the  slope  (see  Fig.  273  c).  On  the  ridge  it  is  customary  to  use  flashing,  a 
idge  roll,  or  a  cap.     Flashing  along  high-class  brick  and  stone  walls  may  be  counter  flashed  with 

;t(-lb.  lead  extending  1  to  2  in.  into  the  wall,  and  down  to  within  1  in.  of  the  roofing.  Lead 
edges  should  be  used  in  the  joints  to  secure  the  counter  flashing.  All  seams  must  be  riveted,  or 
)cked  and  soldered.  With  a  composition  roofing  the  felt  should  be  turned  up  the  wall,  well 
lopped  with  tar  or  asphalt,  and  counter  flashed.  If  there  is  danger  of  breaking  the  felt,  a  metal 
ashing  should  be  used,  extending  12  in.  under  the  felt  and  sealed  to  the  felt  with  tar  or  asphalt, 
'or  further  details  in  regard  to  copper  flashings,  see  the  booklets  of  the  Copper  and  Brass 
Research  Association,  New  York. 

188c.  Gutters. — Great  care  must  be  taken  in  selecting  the  type  of  gutter  to  be 
On  flat  roofs  having  projecting  eaves  a  gutter  should  never  be  placed  at  the  edge  except 
I  warm  climates  where  there  is  no  frost.  With  a  roof  of  this  type,  the  snow  will  melt  on  the 
ortion  of  the  building  that  is  heated  and  run  down  on  the  colder  projection,  and  form  ice.  As 
le  ice  grows  tliicker  the  water  will  back  up  on  the  roof  and  find  its  way  over  the  flashing  and 
nder  the  roofing  material.  A  gutter  should  be  formed  beliind  the  wall  line  by  flattening  out 
5-in.  single  bead  eaves  trough  and  bending  up  the  beaded  edge  33'2  in.  perpendicular  to  the 
)of,  the  remainder  laying  flat  on  the  roof.  This  should  be  placed  so  that  it  will  drain  into 
iside  leaders.  Wherever  eaves  troughs  are  used,  snow  guards  should  be  placed  to  prevent  the 
aow  from  sliding  down  the  roof  and  bending  or  breaking  the  gutter.     In  designing  gutters, 
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the  size  and  location  of  leaders  must  be  taken  into  account.  Gutters  are  generally  made  tl 
same  sizeas  the  leaders  unless  the  leaders  are  spaced  more  than  50  ft.  apart,  then  the  size  ( 
gutters  must  be  increased  1  in.  for  every  additional  20  ft.  of  leader  spacing  for  sloping  roof 


Fig.   274. — Gutter  of  parapet  wall,  corrugated  steel  roof. 


\Hocikh  shvt 


Fig.   275. — Valley  gutter,  corrugated  steel  roof. 


ffoofing  material        Copper  mre 
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Copper  ouflef 
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CI  Pipe.exfra 
heavy,  leaded.. 
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Fig.  276. — Eaves  gutter,  plank  roof 
composition  flooring. 


Fig.  277. — Eaves  gutter, 
gravel  roofing. 


Moulding 
Outriggers 


Fig.  278. — Eaves  gutter,  zinc  ro 
(Lining  must  move  freely  on  accou 
of  large  expansion  and  contractioi 
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Fig.  279. — Eaves  gutter,  slate  and  porous  tile  roof. 


Purlin  raised  I' 
Continuous  shelf  angle 


Fig.   281.^ — Eaves  gutter,  bonanza  tile. 


Fig.  280.— Eaves  gutter,  shingle  roof  zinc  lining. 
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Fig.  282. — Eaves  gutter,  concrete  roof. 


and  for  every  additional  30  ft.  of  leader  spacing  for  flat  roofs.     Gutters  smaller  than  5  i 
are  difficult  to  solder  and  had  better  not  be  used.     Gutters  have  generally  a  height  of  1; 
times  the  bottom  diameter.     If  box  gutters  are  used,  they  should  have  an  equivalent  areT 
Gutters  should  slope  1  in.  in  15  ft. 


ii 


188d.  Leaders. — The  size  of  leaders  depends  on  the  rate  of  rainfall  and  the  number 
used.  A  sufficient  size  of  leader  must  be  provided  to  keep  the  roof  free  from  water.  The  rate  of 
rainfall  varies  greatly  in  different  localities,  but  provisions  for  handling  a  rainfall  of  5  in.  per  hour 

vvilll  do  for  practically  all  purposes.  A  good 
rule  is  to  provide  1  sq.  in.  of  leader  area  for 
every  150  sq.  ft.  of  roof  surface.  Leaders 
should  be  spaced  not  more  than  50  ft.  apart  for 

S/ppearm^r  than  SfV  Sfope  Jess,  than  30^, 
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Fig.   283. — Saw-tooth  gutter,  concrete  roof. 


Cf/ps  Zi"c.  fo  c. 


Fig.  284. — Valley  gutter,  zinc  on  plank  roof.      (Note 
expansion  methods,  depending  on  slope.) 


isCovperTfashmq 


peaked  roofs  and  not  more  than  75  ft.  apart  for  flat  roofs.     The  leaders  should  not  be  less 

than  4  in.  in  diameter  for  main  roofs  and  3  in.  for  porch  roofs  and  sheds.     Inside  leaders  should 

be  made  of  extra  heavy  cast-iron  or  galvanized 

vvrought-iron  pipe  with  a  trap  wherever  they 

open  at  the  roof  near  dormers,  chimneys,  and 

ventilating  shafts.     Outside  leaders  should  be 

made  of   galvanized  iron  or  copper.     All  roof 


DhpcoD 


'\c-  '    ,     mofdlna 

Haves  purfin  ^ 

J 


Expjoint  every 


Fig.  285. — Zinc  gutter,  corrugated  steel  roofing 
(Note  expansion  arrangement.) 


Fig.  286. — Flashed  parapet.      (Arrangement  for 
leader  in  stone  wall.) 


;onnections  should  be  made  watertight  with  copper  ferrules.     It  is  well  to  bear  in  mind  the 
idvantage  of  using  the  expansion  type  of  outside  leader,  consisting  generally  of  a  sheet, 

\J    \J    \J 

FhundBead     SquansBead    DouJb/eBead 
Gafy.  sfeef  or  fC  Teme  fm,  10  ft  fengfhs,  fap  joints 
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"v^^>^  ^'y-.yt'ior 
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Fig.   287. — Various  types  of  eaves,  troughs,  and  hangers  (from  Catalogue  Southern  Iron  Co.,  St.  Louis). 

ent  in  the  form  of  a  square,  with  an  expanding  joint,  and  with  the  sheet  painted  with  red 
iad  on  thd  inside  before  being  bent  into  the  leader  shape.  A  durable  metal  is  necessary. 
ince  copper  is  very  expensive,  although  also  very  lasting,  a  pure  iron  may  be  used,  galvanized 
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— as,  for  example,  the  Armco  iron.      At  the  leader  basket,  strainers  should  be  placed  at 
leader  entrance  to  keep  out  leaves  and  twigs. 

188e.  Catch  Basins. — Catch  basins  should  be  made  of  copper,  8  in.  square,  4  ir 
deep  and  with  a  4-in.  flange  at  the  roof.  The  edge  should  be  raised  %  in.  to  prevent  pitch  fror 
running  in  when  the  last  coat  is  applied. 

188/.  Methods  of  Obtaining  Drainage  Slopes  on  Flat  SJabs. — Concrete  roof  slab 
are  generally  made  level  to  decrease  the  cost  of  the  form  work.  Some  means  for  obtaining  th 
necessary  slope  for  drainage  must  be  provided.  This  is  generally  done  by  placing  a  cinder  fill  c 
a  cinder  concrete  fill  on  top  of  the  slab,  or  by  placing  a  tliin  slab  supported  by  wood  above  th 
main  slab.  The  latter  method  is  but  little  used  as  it  is  expensive,  and  falls  in  the  non-firepro( 
class.  A  cinder  fill  is  lighter  and  cheaper  than  a  cinder  concrete  fill.  A  good  grade  of  steal 
boiler  cinders  should  be  used.  They  should  be  graded  to  give  the  proper  slope,  should  have 
minimum  thickness  of  3  in.,  and  be  well  tamped  and  sprinkled.  A  cement  mortar  finish,  1  ii 
thick  (composition:  1  cement  to  3  sand)  must  be  floated  on  before  the  cinders  drj^  out.  Th 
mortar  finish  must  be  kept  from  1  to  2  in.  away  from  walls,  and  joints  should  be  filled  wit 
plastic  cement.  Cinder  fill  weighs  from  50  to  60  lb.  per  cu.  ft.  Cinder  concrete  fill  is  simik 
to  cinder  fill,  the  difference  being  that  1  part  of  cement  is  added  to  8  parts  of  cinders  and  tl: 
finish  is  made  %  in.  thick  instead  of  the  1  in.  for  the  cinder  fill. 

189.  Drainage  Schemes. — In  order  to  get  the  best  service  from  a  drainage  scheme  it 
necessary  to  consider  usefulness,  durability,  materials,  workmanship,  and  fitness. 

189a.  Usefulness. — The  water  must  be  drained  from  the  roof  as  quickly  { 
possible,  and  at  the  ground  level  it  must  be  provided  with  a  suitable  drain  to  run  it  to  the  sewe 
street  gutter,  or  to  the  rain  water  cistern,  far  enough  from  the  building  to  be  sure  that  it  wi 
not  find  its  way  into  the  cellar.  The  rain  water  cistern  is  a  large  hole  in  the  ground,  lined  wit 
stone  or  brick  laid  in  cement  mortar,  and  filled  with  graded  stone.  In  the  smaller  cisterns  tl 
lining  is  often  omitted.  When  the  lined  type  is  used,  the  water  is  available  for  the  tenants  fi 
household  use;  with  the  unlined  variety  the  object  is  to  make  the  water  seep  into  the  subso; 
The  slope  of  the  roof  gutter  must  not  be  too  steep  as  this  will  cause  a  rapid  current,  causir 
backing-up  of  water,  overflow,  and  abrasion  of  the  gutter  surface,  which  is  most  objectionab 
-with  roofings  with  a  sanded  or  pebbled  surface.  Where  open  valley  gutters  shed  a  stream  on 
lower  roof  surface,  the  latter  must  be  protected  against  abrasion  and  leakage  by  proper 
distributing  the  flow  through  a  spreader,  wliich  discharges  on  a  specially  reinforced  roofir 
surface.  The  better  way  is  to  carry  such  masses  of  water  in  their  own  leaders  direct  to  catcl 
basin,  and  terminate  such  leaders  so  as  to  throw  the  flow  of  water  in  the  direction  wanted,  an 
avoid  the  possibility  of  water  rushing  up  under  flashings. 

In  buildings  with  overhanging  eaves  the  water  is  frequently  allowed  to  drip  onthegrouni 
When  such  a  building,  which  may  be  used  for  a  mill  or  a  factory,  has  a  series  of  transverse  sav 
tooth  skylights,  with  their  gutters  shedding  water  on  the  main  roof  a  little  distance  below,  tl 
water  will  pour  over  the  eaves  in  a  mass  just  where  it  leaves  the  transverse  gutter,  or  very  ne; 
this  point.  This  condition  seriously  interferes  wdth  opening  windows  below,  especially  whe 
the  windows  turn  on  a  horizontal  pivot,  and  the  roof  overhang  is  small,  as  in  that  case  tl 
water  pours  directly  on  the  inclined  window  surface.  Such  conditions  can  be  avoided,  in  par 
by  a  large  eaves  overhang,  and  better  yet,  by  a  parapet  wall  and  inside  eaves  gutter.  Th 
latter  method  also  avoids  the  annoyance  of  eaves  water  coming  down  on  entrance  stairs,  inl 
material  bins,  or  on  other  articles  placed  close  to  the  building  wall. 

Where  the  buildings  have  several  roof  levels,  and  the  lower  roofs  drain  into  the  main  leader  from  high  level 
it  becomes  necessary  to  provide  a  trap  at  the  junction  of  the  main  leader  and  low-roof  leader.  If  this  is  not  don 
the  water  rushing  down  from  the  high  roof  will  sometimes  back  up  on  the  low  roof,  especially  if  the  low-roof  lead' 
is  short  and  a  large  amount  of  water  is  passing  down  the  main  roof  leader.  During  hea^•}•  thunder  showers  it  h: 
been  noticed  that  when  this  precaution  is  not  taken  the  water  around  the  low-roof  catchbasin  will  spout  up  sever 
feet  in  the  air  and  flood  the  low  roof. 

Whenever  the  roof  water  is  carried  to  the  ground  by  leaders,  provision  must  be  made  to  drain  the  water  aws 
from  the  building  for  reasons  of  sanitation,  sightliness  and  life  of  foundation  walls.  Where  storm  sewers  are  ni 
available,  and  the  building  lies  lower  than  the  street,  a  rain  water  cistern  should  be  dug  at  a  distance  from  tl 
building  of  not  lees  than  50  ft.  The  subsoil  drain  should  be  placed  well  under  the  frost  line  and  have  a  slope  of  abo« 
1  in.  in  10  ft. 
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The  greatest  demand  on  the  roof  drainage  system  occurs  during  a  heavy  rain  storm  of  short  duration,  say  for 
5  or  10  minutes,  during  which  time  the  rain  may  amount  to  1  in.  although  such  downpour  seldom  occurs.  This 
shows  the  necessity  of  inspecting  the  drainage  at  least  twice  a  year,  spring  and  autumn,  to  remove  rubbish  and 
repair  damage  done  by  ice  and  rust. 

1896.  Durability. — Inspection,  mentioned  above,  is  necessary  for  durability. 
Metal  work  may  require  painting  or  soldering  or  even  renewal,  fastenings  of  the  metal  to  roof 
or  walls  may  have  worked  loose  and  strainers  may  need  to  be  renewed.  Tar  and  felt  roofing 
may  need  to  be  coated  with  tar  or  asphalt  to  fill  cracks  and  to  soften  the  entire  surface.  Sand, 
pebbles,  leaves,  and  twigs  should  be  removed,  leaders  flushed,  and  subsoil  pipe  looked  after. 
It  is  important  to  attend  to  these  things  so  as  to  avoid  rot  and  decay  setting  in  along  the  eaves 
and  walls  where  the  damage  is  not  always  seen  until  it  assumes  proportions  calling  for  expensive 
repairs. 

189c.  Materials  and  Workmanship. — Materials  and  workmanship  should  be  of 
the  best.  If  iron  is  used,  the  pure  varieties  should  be  secured  which  in  the  end  are  more  econo- 
mical than  ordinary  grades.  Although  black  painted  iron  does  very  well  for  steep  roof  material, 
it  does  not  measure  up  for  gutters,  leaders,  and  other  parts  where  the  water  remains  much  longer; 
here  the  iron  must  be  tinned  or  galvanized.  If  zinc  or  copper  is  used,  painting  may  not  be 
necessary  except  for  securing  a  harmonious  tint.  For  leaders,  in  all  localities  that  have  frost, 
the  corrugated  or  expansion  type  should  be  used.  When  gutters  are  built  up  of  tarred  felts,  all 
sharp  bends  should  be  avoided  and  sharp  corners  filled  with  wooden  or  mortar  fillets,  of  large 
radius,  so  that  the  felt  may  have  a  secure  base  and  support.  Lead,  copper,  zinc,  galvanized 
iron,  and  tinned  iron  have  lasting  qualities  in  the  order  given. 

189(i.  Fitness. — -With  buildings  of  the  better  class,  the  eaves  gutters  may  be 
incorporated  with  the  cornice  and  made  quite  ornate.  Leaders  must  look  well  and  be  placed 
as  much  out  of  the  way  as  possible,  in  the  first  place  for  appearances,  and  in  the  second  place 
to  avoid  mechanical  damage  from  the  ground  level  up  to  say  4  ft.  above  the  ground.  For  the 
lower  4  ft.  double  strength  cast-iron  pipe  should  be  used,  which  will  stand  the  impact  of  iron  ash 
cans,  etc.,  taken  out  of  all  residences  once  or  more  during  the  week.  Where  leaders  are  so 
located  that  repairs  are  costly,  the  most  durable  materials  must  be  used.  Where  there  are  no 
eaves  gutters,  as  on  the  simpler  types  of  sheds,  or  manufacturing  buildings,  there  must  never- 
theless be  short  sections  of  eaves  trough  placed  over  main  entrance  stairs  to  prevent  drip  and 
ice  formation  on  the  steps.  Piazza  roofs  should  have  gutters  that  will  drain  readily,  preferably 
having  the  high  level  over  the  main  entrance  steps.  In  the  case  of  small  piazza  gutters,  almost 
level,  an  overflow  is  often  found  directly  over  the  main  entrance  steps  due  to  a  settling  in  the 
shallow  piazza  foundations. 


SKYLIGHTS  AND  VENTILATORS 
By  John  S.  Branne 

190.  Skylights  and  Ventilators  in  General. — For  buildings  occupying  large  areas,  it  is 
often  impossible  to  provide  sufficient  daylight  for  the  interior  by  means  of  windows  in  the 
exterior  walls.  In  large  buildings  several  stories  high,  light  courts  are  introduced,  and  in  smaller 
buildings  where  this  can  be  done,  light  shafts  are  used,  the  daylight  coming  through  a  skyhght 
placed  above  the  roof  level  where  it  is  diffused  into  the  interior  of  the  building  by  windows  in 
the  sides  of  the  liglitshaft. 

In  all  large  private  and  public  buildings  the  roof  has  one  or  more  skylights  which  give 
light  to  the  upper  story,  and  sometimes  so  arranged  as  to  help  the  illumination  all  the  way  down 
in  buildings  of  moderate  height.  In  such  cases  the  skylight  is  often  very  large  and  is  placed 
over  an  open  light  well  which  is  guarded  by  a  railing,  and  contains  the  main  stairway. 

In  one-story  buildings  requiring  an  exceptional  amount  of  light,  as  greenhouses  and  horti- 
cultural buildings,  the  entire  roof  is  made  of  glass.     In  one  story  shop  and  factory  buildings, 
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train  sheds,  etc.,  daylight  is  provided  for  the  interior  by  one  of  the  following  methods  of  provid- 
ing a  glass  surface: 

1.  Light  through  glass  placed  in  the  plane  of  the  roof. 

a.  Glass  tile. 

b.  Glass  inserts  in  concrete  tile. 

c.  Glass  inserts  in  concrete  slab. 

d.  Corrugated  glass  sheets. 

e.  Flat  glass  skylights. 

/.   Translucent  fabric,  taking  the  place  of  glass. 

2.  Light  through  glazed  surfaces  not  in  the  plane  of  the  roof. 

a.  Common  box  skylights. 

b.  Longitudinal  monitors, 
t.   Transverse  monitors. 

d.  Saw-tooth  construction. 

In  planning  for  light,  the  designer  at  the  same  time  must  keep  ventilation  in  mind,  because 
most  special  skylight  devices  placed  above  the  plane  of  the  main  roof  surface  are  also  wel 
adapted  for  securing  ventilation.  A  glazed  surface  may  be  made  wholly  or  in  part  movable 
The  vertical  (or  nearly  vertical)  sides  of  monitor  and  saw-tooth  roofs  may  be  made  part  glass 
and  part  louvres.     Louvres  may  also  be  provided  on  the  vertical  sides  of  box  skylights. 

The  designer  must  gather  all  the  knowledge  available  as  to  light  requirements,  based  or 
the  occupation  of  the  tenants  of  the  building,  and  on  the  more  or  less  favorable  location  of  his 
building  as  regards  height  and  location  of  surrounding  structures. 

The  necessity  of  the  best  available  light  and  ventilation  for  the  efficiency  of  all  the  workers 
of  whatever  grade  and  responsibility,  is  now  a  well  known  economic  fact,  taken  into  accoun^ 
by  every  employer  of  labor.  The  nearer  the  glazed  surface  approaches  the  working  floor,  th< 
better  the  light;  but  if  too  near,  the  heat  ra3's  in  summer  will  be  very  uncomfortable. 

North  light  is  the  best  as  there  are  no  direct  sun  rays.  Where  direct  sunlight  will  striki 
the  glazed  surface  of  the  skylight,  glass  must  be  selected  that  will  diffuse  the  sunlight;  that  is 
scatter  or  break  the  direct  rays  so  as  to  reach  the  condition  of  light  without  glare.  Such  glas." 
is  ribbed  or  contains  small  prisms,  of  various  styles  as  to  depth  and  spacing  of  ribs  and  prisms 
When  there  is  no  objection  to  the  loss  of  a  little  light,  rough  glass  is  used.  The  ribbed  anc 
prismatic  types  gather  dirt  very  quickly,  and  require  frequent  cleaning;  rough  glass  to  a  lesse: 
degree.  When  the  glass  is  placed,  due  consideration  must  be  given  as  to  which  side  is  mosi 
accessible  to  the  window  cleaner,  the  inside  or  outside  face. 

The  amount  of  glass  required  for  mill  and  factorj'  buildings  depends  entirely  on  occupatior 
of  tenants  or  workers,  and  no  general  rule  can  be  given.  30%  of  the  side  walls  used  for  windows 
is  often  found,  and  again  the  entire  side  wall  may  be  glass  except  for  the  space  occupied  bj'  wal. 
pilasters. 

The  roof  light  must  be  studied  with  regard  to  location  of  machinerj^  or  desks,  etc.,  and  alsc 
from  the  standpoint  of  possible  leaks,  and  breakage  of  glass.  Care  must  be  taken  in  placing 
skylights  so  as  not  to  place  them  too  near  vallej's  or  other  depressions  which  may  cause  snow  to 
cover  them. 

It  costs  more,  of  course,  to  heat  buildings  with  large  glass  surfaces  during  the  winter 
months;  but  it  should  also  be  remembered  that  there  is  a  saving  of  artificial  light  all  the  year 
around. 

As  regards  fire  protection,  the  following  is  taken  from  the  1909  code  of  the  National  Board 
of  Fire  Underwriters,  p.  103: 

All  openings  in  roof  for  the  admission  of  light,  other  than  elsewhere  provided  in  this  code,  over  elevator,  stair, 
dumb  waiter  shafts,  and  theatre  stage  roofs,  shall  have  metal  frames  and  sash,  glazed  with  wired  glass  not  less  than 
J.4  in.  thick,  or  with  glass  protected  above  and  below  with  wire  screens,  of  not  less  than  No.  12  galvanized  wire,  and 
not  more  than  1  in.  mesh. 

The  consistent  use  of  wire  glass  in  a  building  may  save  as  much  as  10%  on  the  fire  insurance 
In  all  large  dwellings,  and  in  many  small  ones,  and  in  all  public  buildings,  means  are  pro- 
vided for  carrying  off  foul  air  by  ventilating  shafts  or  ducts  placed  in  the  walls.     Those  in  the 


jl    Sec.  3-191] 


STRUCTURAL  DATA 


611 


walls  are  carried  up  to  the  top  of  the  parapet  or  higher.  When  ventilating  shafts  are  used,  they 
are  sometimes  made  large  and  provide  light  for  interior  rooms.  Such  shafts  must  be  fireproof 
and  be  carried  not  less  than  2  ft.  above  the  roof  when  covered  with  ventilating  skylight,  nor  less 
than  3  ft.  above  the  roof  when  open,  terminating  in  a  tile  or  cement  coping. 

Machine  shops,  factories,  shops,  manufacturing  establishments  of  the  many  types  found 
often  provide  ventilation  through  the  vertical  sides  of  box  skylights,  through  round  metal  venti- 
lators placed  along  the  ridge,  or  through  the  vertical  or  slightly  inclined  sides  of  monitors  and 
saw-tooth  roofs. 

191.  Notes  on  Glass. — Glass  used  in  skylights  of  all  kinds  may  be  plain  or  reinforced;  the 
latter  type  has  wire  mesh  imbedded  in  it.  This  wire  mesh  may  be  placed  between  two  plates 
of  glass  which  are  then  rolled  together;  or  rolled  into  one  plate  of  glass.  The  first  type  is  made 
bj^  the  "sandwich  process";  the  second  by  the  "solid  process,"  also  called  the  "Pennsylvania 
continuous  process."     The  "solid  process"  produces  a  stronger  glass. 

Single-strength  glass  is  3-12  in.  thick,  and  double-strength  glass  is  14,  in.  thick. 
For  further  information  regarding  the  kinds,  thicknesses,  weights,  and  dimensions  of  glass, 
see  Vol.  II,  Sec.  7,  Arts.  ISO  to  195  inclusive. 

The  ribbed  variety  diffuses  light  well;  the  factrolite  variety  has  a  still  greater  diffusion  and  creates  a  very  uni- 
form light.  The  "Aquaduct"  glass  is  a  ribbed  glass  with  deep  and  narrow  grooves.  The  manufacturers  claim 
that  ttie  capillary  attraction  will  retain  and  carry  off  condensation  at  a  slope  as  low  as  10  deg.  with  the  horizontal. 
Plain  glass  or  wire  glass,  sandblasted  to  give  it  a  frosted  appearance,  is  sometimes  used  for  skylights. 

Stock  sizes  of  wire  glass  run  from  14  to  40  in.  wide  and  from  50  to  100  in.  long.  The  unsupported  width 
should  not  exceed  24  in.  If  ribbed  glass  is  used,  the  ribs  should  run  parallel  to  the  slope,  or  stand  vertical  for 
side  windows.     When  windows  are  double  glazed,  place  the  ribbed  surfaces  toward  each  other  and  cross  them. 

In  vertical  or  slightly  inclined  windows,  with  small  danger  of  breakage,  double-  or  single-strength  glass  may  be 
used  if  not  interfering  with  fire-protection  policy. 

192.  Skylights  in  Plane  of  Roof. 

192a.  Glass  Tile. — Glass  tiles  are  often  used  on  roofs  in  conjunction  with  clay 
tiles  and  are  made  of  the  shape  and  size  of  the  clay  tile  so  as  to  match  laps,  thus  requiring  no 
further  attention  than  laying  them  as  decided  by  the  designer  (see  Fig.  288). 
Sometimes  they  are  laid  in  large  units,  forming  several  large  roof  lights,  or 
in  rows  extending  the  length  or  part  of  the  length  of  the  building;  more 
rarely  scattered  all  over  with  the  clay  tile.  The  most  economical  way  is  prob- 
ably to  lay  them  in  large  units  or  long  rows  so  as  not  to  be  constantly 
watching  a  certain  pattern  or  design  scattered  all  over  the  roof. 

1926.  Glass  Inserts  in  Concrete  Tile. — Glass  inserts  are  used 
to  some  extent  in  concrete  tile  and  are  very  efficient.     The  interlocking 
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Fig.  2SS. — Imperial  tile  with  glass  tile. 


Fig.  289.— Rein- 
forced cement  tile 
with  glass  inserts. 


"  Bonanza"  tile,  size  to  weather  24  x  48  in.,  has  M-in.  ribbed  wire  glass  inserts,  14  x  26  in.  (see 
Fig.  289).  The  tile  with  inserts  may  be  laid  in  continuous  rows  or  arranged  to  meet  special  con- 
ditions. The  glass  is  laid  into  the  form  when  the  concrete  is  poured,  and  the  finished  tile  is 
shipped  to  the  building  site  like  the  all-concrete  tile. 

192c.  Glass  Inserts  in  Concrete  Slabs. — Glass  inserts  to  be  used  in  concrete 
slabs  come  in  sizes  from  6  to  6J-2  in.  square,  and  from  ij^  to  1?^  in.  thick.  Light  concrete  ribs, 
reinforced,  are  poured  between  the  inserts  (see  Fig.  290).  The  "units",  made  of  many  small 
inserts,  can  be  made  in  sizes  to  suit  the  beam  or  girder  spacing,  or  purlin  spacing,  and  each 
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unit  is  surrounded  by  a  border  of  concrete.     For  tightness  and  to  take  up  expansion  and  con- 
traction, the  units  are  separated  by  a  thin  joint  of  oakum  packing  covered  M-ith  elastic  cement. 

192f/.  Corrugated  Glass  Sheets. — Cor- 
rugated glass  sheets  are  26  in.  wide,  66  in.  long,  and 
Yj^  in.  thick,  and  have  standard  2^-in.  corrugations 
(see  Fig.  272,  p.  597).  They  are  used  \\'ith  corrugated 
steel,  corrugated  asbestos,  protected  corrugated  steel. 
The  corrugations  diffuse  the  light  and  heat  rays, 
preventing  glare,  and  the  manufacturers  claim  that  a 
building  covered  vAXh.  this  glass  is  no  warmer  in 
summer  than  the  same  building  would  be  if  covered 
wdth  corrugated  steel  sheets. 

192e.  Flat  Glass  Skylights.— Flat  glass 
skylights  are  often  used  in  the  plane  of  the  roof  but 
unless  there  is  su  fficient  slope  of  roof  to  shed  the  snow 
as  it  falls,  the  light  will  be  shut  off  and  the  purpose  of 
the  skylight  defeated.  These  skjiights  must  be  par- 
ticularly well  flashed,  to  prevent  leaks.  Flat  sky- 
lights should  at  least  have  a  slope  of  2  in.  per  foot. 
192/.  Translucent  Fabric. — Translucent  fabric  is  manufactured  by  dipping  a 
w'ire  mesh  into  an  oil  composition  which  hardens  into  an  amber  colored,  translucent  sheet. 
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Fig.  290. — Glass  inserts  in  concrete  slab — 
Keppler  type. 
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Fig.  291. — Skylisht  b.irs. 


It  is  well  adapted  to  buildings  where  the  vibrations  of  running  machinery  are  so  great  as  to  break 
glass.  Also  it  may  well  be  considered  in  locations  where  the  foundations  are  apt  to  settle,  as 
in  filled-in  ground,  throwing  purlins  out  of  line,  and  straining  all  rigid  materials.     This  fabric 
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Common  Type 

Fig.  292 


Inverted  Type 
-Longitudinal  monitors. 


withstands  ordinary  heat,  but  when  exposed  to  fire  burns  readily.     The  fabric  softens  a  Httle 
when  exposed  to  very  high  temperatures.     It  collects  some  dirt  which  should  be  washed  off. 
193.  Skylights  Not  in  Plane  of  Roof. 

193a.  Common  Box  Skylights. — Common  box  skylights  are  better  than  the 
flat  ones  on  account  of  the  greater  ease  of  thorough  flashing  up  along  the  high  curb  to  prevent 
leakage.  The  top  may  be  of  the  same  slope  as  the  roof,  or  may  be  arranged  with  a  ridge  to 
cause  the  snow  to  slide  off.  One  advantage  of  the  high  curb  is  the  possibility  of  arranging 
ventilating  louvres  all  around  the  curb.  When  the  slope  of  glass  top  is  made  7  to  8  in.  per  foot, 
the  snow  will  slide  off. 

1936.  Longitudinal  Monitors. — The  object  of  longitudinal  monitors  is  to  provide 
light  as  well  as  ventilation.  For  the  right  amount  of  light  in  a  mill  building,  shop,  or  factory, 
no  set  rules  can  be 
iven,  but  each  class 
of  building  must  be 
considered  by  itself. 
In  a  general  way,  for 
buildings  with  a 
height  to  eaves  of  16 
to  20  ft.,  with  ample 
side  windows,  say 
about  30%  of  wall 
surface,  no  monitor  is 
required  when  the 
width  of  building  is 
not  over  40  ft.     This 

refers  to  shops  where  the  work  is  done  principally  along  the  walls,  and  the  central  portion  of 
building  is  used  for  an  aisle.  When  the  width  becomes  greater,  the  monitor  is  placed  along 
the  ridge  of  roof,  and  is  made  about  3^  of  the  width  between  walls. 

The  monitor  roof  is  made  of  the  same  roofing  material  as  the  main  roof;  the  monitor  sides  are  glazed;  and  the 
sash  is  either  wholly  or  in  part  movable.  A  wide  monitor  having  its  ridge  in  the  same  vertical  plane  as  that  of  the 
main  roof,  does  not  ventilate  efficiently  under  all  circumstances,  and  under  such  conditions  there  should  be  a  series 
jf  round  sheet  metal  or  asbestos  ventilators  placed  along  the  monitor  ridge. 

To  overcome  this  condition  an  inverted  monitor  type  has  been  placed  on  the  market,  with  its  valley  gutter  in 
;he  center  and  discharging  hot  air,  smoke,  fumes,  and  dust  very  efficiently  to  the  highest  parts  of  monitor  and 
3Ut  through  louvres  or  movable  sash   (see  Fig.   292). 

The  monitor  roof  may  be  made  of  glass,  if  slope  is  made  sufficiently  steep  to  shed  snow;  and  the  higher  part  can 
36  made  to  swing  up  for  ventilation. 

193c.  Transverse  Monitors. — Transverse  monitors  (Fig.  293)  are  most  adapted 

or  flat  roofs,  or  for  roofs  with  a  slight  slope.     If  used  for  steep  roofs,  the  sash  along  the  sides 

becomes  irregular  and  difficult  to  operate.  When 
the  slope  is  slight,  they  are  practical  in  construc- 
tion and  look  well.  These  monitors  start  as  near 
the  wall  as  is  necessary  to  get  good  light,  and  have 
glazed  or  louvred  sides,  the  same  as  the  longitudi- 
nal monitor.  With  this  type  of  monitor,  there  is 
an  easy  access  from  one  side  of  building  to  the 
other,  and  they  should  always  be  set  back  from 
the  building  side  sufficiently  to  provide  a  com- 

brtable  walk  for  inspection  and  cleaning  of  roof  and  sash.     With  a  truss  spacing  of  16  ft. 

hey  should  be  placed  in  every  third  baj-,  which  will  place  glazed  sides  about  30  ft.  apart. 

This  type  of  monitor  avoids  the  valley  gutter  which  often  causes  trouble  in  the  saw-tooth 

!onstruction  by  leaking. 

193d.   Saw-tooth  Construction. — Saw-tooth  construction  is  used  to  get  a  very 

trong  north  light.      To  accomplish  this  every  bay  has  a  saw-tooth,  the  steep  side  is  glazed  and 

he  gently  sloping  side  has  solid  roofing.     A  very  even  lighting  is  thus  obtained. 


I/Vcr/A- 


Ckiffer.   \G lazed,  or c^az 
Winctivs 


Fig.   293. — Transverse  monitor. 
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Ventilation  is  secured  bj'  making  the  upper  part  of  the  sash  movable  (see  Fig.  294).  Some- 
times round  sheet  metal  ventilators  are  placed  along  the  saw-tooth  ridge,  and  louvres  are  pro- 
vided on  the  two  gable  ends.  When  the  glazed  (steep)  side  faces  due  north,  the  glass  can  be 
perfectly  clear,  if  placed  vertically  or  very  steep,  so  that  the  sun  even  at  noon  cannot  shine 
through.  This  steepness,  in  the  northern  part  of  the  United  States,  should  be  such  that  the 
angle  with  the  horizontal  is  not  less  than  72  deg.,  and  in  the  southern  part,  not  less  than  78 
deg.  If  the  angle  is  smaller,  there  will  be  direct  sunlight  at  noon,  and  this  may  necessitate 
ribbed  or  rough  glass.      When  the  glass  is  inclined,  more  light  comes  through. 

The  saw-tooth  type  of  skylight  sometimes  gives  trouble  by  leaks  developing  along  the  valley  gutters.  To 
overcome  this  trouble  the  following  precautions  must  be  taken: 

(1)  The  gutter  should  be  made  wide,  and  all  sharp  corners  avoided 
Movable  sash  /7^'''*%!^  ^v^lW mnf  ^^  providing  liberal  fillets  and  a  perfect  bearing  surface  under  the  gut- 
ter body.  A  narrow  gutter  invites  the  expansive  action  of  ice,  banks  up 
the  snow  which  accumulates  by  direct  fall  and  by  sliding  off  the  glass, 
and  makes  it  very  difficult  for  window  cleaners  to  stand  in  it.  As  the 
gutters  are  used  frequently  for  thoroughfare  across  the  roof,  the  gutter 
surface  must  be  protected  either  by  a  special  wearing  surface  or  by  plac- 
ing a  plank  walk  along  the  gutter.  This  walk  must  not  block  the  flow  of 
water.  It  is  better  to  spend  money  for  a  good  wearing  surface,  as  the 
plank  rots,  and  twigs  and  leaves  may  block  the  water. 

Fio.  294. Saw-tooth  type.  (^'  Flashings  on  both  sides  of  the  gutter  should  be  made  wide,  and 

the  supports  for  the  gutter  strong  so  that  no  deflection  may  set  in  and 
form  water  pockets  in  the  gutters.  Sometimes  much  snow  and  ice  form  in  saw-tooth  gutters.  If  the  gutters 
are  long,  it  will  be  better  to  use  interior   downtakes  which  can  be  brought  down  along  the  columns. 

194.  Miscellaneous  Notes  on  Skylights. — Wherever  glass  is  used,  some  provision  has  to 
be  made  for  carrying  off  condensation,  such  as,  small  gutters  in  buildings  where  machinery'  or 
product  would  receive  serious  injury  from  water.  There  are  several  types  of  skylight  bars  on 
the  market  (see  Fig.  291),  all  aiming  to  collect  and  carry  oflf  condensation.  Unless  copper  is 
selected,  a  closed  bar  section  must  not  be  used,  as  it  can  not  be  painted. 

All  glass  except  expensive  plate  glass,  has  an  uneven  surface  and  a  cushion  has  to  be  provided  between  ir.etal 
sash  bars  and  glass  by  using  putty,  cement,  asphaltic  compounds,  or  felt.  The  glass  on  the  better  class  of  modern 
sash  is  held  by  copper  spring  caps  covering  the  joints  and  fastened  to  the  bars  with  brass  nuts  and  bolts. 

195.  Ventilators. — As  described  in  Art.  193,  light  and  ventilation  are  often  provided 
by  the  same  bulkhead,  or  skylight,  whether  this  be  a  small  box  skylight  or  a  large  monitor. 
In  the  section  on  "Heating,  Ventilation  and  Power,"  in  Part  III,  the  questions  of  fresh  air 
requirements  are  fully  discussed,  and  it  will  be  seen  that  they  vary  according  to  the  uses  and 
character  of  the  building. 

Box  skylights  may  be  used  as  ventilators  by  having  high  curbs  filled  with  louvres  or  movable  sash,  small  hinged 
doors,  etc.     This  will  prove  enough  where  small  amounts  of  air  have  to  be  expelled. 

Longitudinal  mmiitors  of  the  common  or  inverted  type  give  excellent  ventilation  by  using  louvres,  shutters,  or 
movable  sash  along  the  sides.  Louvres  are  made  of  black  or  galvanized  steel  or  iron,  asbestos,  or  asbestos  pro- 
tected metal,  all  according  to  durability  required  and  care  given  after  placing.  Shutters  are  made  of  sheet  iron  or 
steel,  black  or  galvanized.  Movable  sash  is  the  most  useful  arrangement,  giving  both  light  and  ventilation,  and 
can  be  operated  in  large  sections  by  hand  or  even  driven  by  small  motor. 

Transverse  monitors  are  used  for  ventilation  just  as  described  for  longitudinal  monitors.  This  type  has  been 
used  considerably,  as  the  light  distribution  is  very  good,  and  while  not  so  perfect  as  in  the  saw-tooth  type,  yet  has 
not  the  disadvantage  of  the  saw-tooth  gutter. 

Saw-tooth  construction  is  well  adapted  to  ventilation,  on  account  of  its  shape,  resembling  one-half  of  the  inverted 
type  monitor.  The  light,  as  stated,  is  also  perfect.  The  disadvantages  are:  a  slightly  higher  cost  than  common 
transverse  monitors,  and  the  gutter. 

Open  roof  ventilation  is  used  largely  for  rolling  mills  and  smelters  where  the  heat  is  intense  and  the  air  is  bur- 
dened with  sm(Jke,  fumes,  and  gases.  The  method  commonly  used  is  to  provide  two  planes  of  purlins  and  by  laying 
the  lower  end  of  roofing  sheets  on  high  purlins  and  the  upper  end  on  low  purlins  an  effect  is  produced  like  a  large 
louvre  laid  on  the  roof  slope.  The  only  protection  asked  here  is  to  keep  out  to  a  large  extent  snow  and  rain,  whence 
the  lower  ends  of  each  set  of  sheets  overlap  upper  end  of  sheets  below.  In  addition  to  this,  sides  of  building  may 
not  have  any  walls. 

Sheet  metal  ventilators,  asbestos  ventilators,  etc. — The  use  of  these  has  been  referred  to  already.  Several  types  are 
on  the  market,  both  as  regards  materials  and  method  of  operating  (see  Fig.  295). 

The  suction  of  air  is  taken  care  of  in  various  ways.     One  type  is  entirely  stationary,  and  reUes  on  the  motion  of 


the  outside  air  against  the  curved  surfaces  of  the  ventilator  to  suck  the  air  out.  Another  type  allows  the  upper  par 
to  move  with  the  wind,  so  as  to  draw  the  air  out.  A  third  type  has  a  rotary  cap  with  spiral  blades  both  on  top  and 
on  the  underside  of  the  cap  and  is  either  wind  propelled  or  power  driven.  All  ventilators  must  keep  out  rain.  Some 
have  glass  tops  and  admit  light.  Dampers  should  be  provided,  and  a  type  chosen  that  will  prevent  back  draft. 
Another  type  of  draft  regulation  is  a  sliding  sleeve,  and  with  this  type  a  glass  top  is  used.  This  sleeve  can  be  raised 
or  lowered  by  means  of  a  cord  running  over  a  pulley. 
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Fig.  295. — Types  of  ventilators. 
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WALLS 

By  Frederick  Johnck 

196.  Masonry  Walls  Below  Grade. — -Concrete  is  used  perhaps  more  extensively  than  any 
ather  material  for  walls  below  grade.  The  forms  are  made  of  1  or  2-in.  lumber  reinforced  with 
2  or  4-in.  scantling  as  the  case  may  require.  Safe  allowable  bearing  pressures  on  walls  for  the 
oncrete  mixtures  commonly  used  ai'e  as  follows,  assuming  Portland  cement  concrete: 

1-2-4  concrete 350  lb.  per  sq.  in. 

1-3-5  concrete 300  lb.  per  sq.  in. 

1-3-6  concrete 250  lb.  per  sq.  in. 

The  common  construction  is  to  employ  concrete  curtain  walls  12  in.  thick  between  the 
svall  columns  and  in  addition  to  reinforcing  them  vertically,  to  take  the  earth  pressure,  to  place 
rods  near  the  bottom  of  the  wall  so  as  to  make  the  wall  carry  itself  as  a  beam  from  footing  to 
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For  buildings  of  moderate  height,  stone  is  often  used 
or  walls.  This  is  very  economical  when  a  local  stone  can 
3e  obtained.  Stones  should  be  laid  with  cement  or  lime 
md  cement  mortar,  carefuly  bedded  in  a  full  bed  of  mortar 
md  worked  around  until  a  full  solid  bearing  is  obtained. 

The  use  of  brick  for  exterior  walls  below  grade  is  gradu- 
ally becoming  less  on  account  of  the  additional  cost  over 
:hat  of  a  concrete  wall.  Brick  used  for  walls  are  hard- 
Durned  common  brick,  laid  up  in  lime  and  cement  mortar. 
Brick  walls  should  not  be  less  than  12  in.  thick. 

In  small  residence  construction,  a  hollow,  vitrified, 
jalt  glazed  tile  has  come  into  use  for  basement  walls. 
These  tile  are  8  in.  wide  16J<4  in.  long  and  8  in.  thick,and  are  laid  with  broken  joints  like  stone 
ishlar.  Special  tile  laid  vertically  are  used  for  corners.  If  they  can  be  obtained  at  the  local 
i^ard,  they  are  more  economical  than  brick  or  concrete. 

The  question  of  waterproofing  walls  below  grade  against  moisture  and  dampness  is  a  very  important  one.     A 
lescription  of  the  various  methods  is  given  in  Sect.  5,  Art.  29. 

If  the  walls  below  grade  form  the  sides  of  rooms  that  are  to  be  decorated,  an  inner  tile  wall  should  be  built, 
eaving  an  air  space  between  that  and  the  outer  wall,  as  shown  in  Fig.  296.  At  the  bottom  of  this  space  a  gutter 
hould  be  formed  pitched  to  drain,  so  as  to  carry  off  any  moisture  that  might  pats  through  the  outer  wall.  In 
irecting  these  tile  walls  the  lower  two  courses  of  the  tile  should  be  laid  on  an  asphalt  bed  to  prevent  moisture 
lassing  up  by  capillary  attraction  and  causing  the  tile  to  disintegrate. 
.^9 
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Fig.  296. 


616 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  3-197 


197.   Masonry  Walls  Above  Grade. 

197a.  Concrete  Walls. — The  use  of  solid  concrete  for  walls  above  grade  is  not 
generallj^  considered  advisable  on  account  of  the  cost  of  form  work,  the  tendency  of  concrete  to 
absorb  moisture  and  cause  damp  walls  on  the  inside,  and  also  on  account  of  the  difficulty  of 
treating  them  in  an  architectural  manner.  To  overcome  these  objections  many  forms  and 
shapes  of  hollow  cement  blocks  have  been  made.     These  are  usually  laid  up  like  cut  stone. 

197b.  Brick  Walls. — The  use  of  brick  for  walls  above  grade  is  considered  the 
best  and  most  economical  for  masonry  walls.  On  street  fronts  and  on  exposed  sides  where  an 
architectural  effect  is  desired,  the  exterior  surface  of  the  wall  should  be  faced  with  a  pressed 
brick.  In  residence,  church,  or  other  work  where  large  wall  surfaces  can  be  treated,  a  variety 
of  effects  can  be  secured  by  the  use  of  tapestry  brick,  pavers,  and  bricks  varying  in  shade;  also 
by  using  color  in  the  mortar  for  the  joints.  Other  effects  may  be  produced  by  laying  the  brick 
in  various  bonds,  such  as  the  Cross  Bond,  Flemish  Bond,  etc.,  as  shown  in  Figs.  297,  298, 
299,  and  300,  also  by  laying  alternate  courses  of  wide  and  narrow  brick  as  shown  in  Fig.  301. 
When  this  is  done  the  narrow  course  should  be  a  darker  brick.  Effects  can  also  be  secured  by  using 
full,  raked,  pointed,  and  tool  joints  as  shown  in  Fig.  302.  In  raking  out  a  joint  it  is  customary 
to  rake  the  horizontal  joints  only.  Brick  work  is  also  sometimes  laid  up  with  very  wide  joints 
and  gravel  used  in  the  mortar,  as  shown  in  Fig.  303.  When  this  is  done,  wood  blocks  or  metal 
clips  must  be  set  in  to  prevent  the  load  from  crushing  out  the  mortar  a^  the  w^ork  progresses. 
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Fig.  297. — Common  bond. 


Fig.  298.— English  bond. 


Fig.  299. — Flemish  bond. 


Fig.  300. — English  cross  bond. 


Fig.  301. — Alternate  wide  and  narrow  brick. 
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FluishJoinf     Weather  Jo/nt  Groove  Joint  Dead  Joint      Raked  Joint 
Fig.  302. — Joints  in  brick  work. 
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Fig.  303. — Brick  laid  in  wide  gravel  mortar  joints 


A  great  deal  of  care  and  judgment  should  be  used  in  the  selection  of  brick  for  the  purpose  intended.  Foi 
instance,  in  a  locality  that  is  free  from  smoke  and  soot,  a  biick  with  varying  shades  can  be  used  effectively;  while  ii 
dirty,  smoky  places  it  is  better  to  use  a  paver  or  some  smooth-faced  brick  that  the  rain  will  wash.  Again,  in  courts 
or  in  alleys  a  white  enamel  brick  is  desirable  to  reflect  light  into  the  building.  White  enamel  beick  should  always 
be  laid  with  a  very  narrow  full  joint.  The  advantage  of  this  brick  is  that  it  can  be  washed  when  it  becomes  dirty 
Enamel  brick  should  be  burnt  in  one  fire  so  as  to  make  the  chemical  change  in  the  body  and  the  glaze  simultaneous 
In  the  dry  process  where  the  brick  is  first  burned  and  the  enamel  is  applied  and  then  fired  again,  the  bond  is  weal- 
and  a  pulling  or  chipping  of  the  enamel  occurs.  Enamel  brick  are  best  cleaned  with  an  alkaline  solution,  such  as 
caustic  soda  or  sodium  carbonate.  This  cleans  the  enamel  and  does  not  effect  the  cement  or  lime  mortar  in  th« 
joints. 

Pier  Construction. — Since  the  introduction  of  the  skeleton  type  of  construction  and  alsc 
in  the  pier  type  of  building,  the  elevations  are  often  designed  to  produce  a  Gothic  effect,  wliich 
is  a  natural  manner  to  express  this  type  of  construction.     In  doing  this  the  brick  work  follows 
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osely  the  form  of  the  column,  and  the  spandrels  or  spaces  between  the  columns  are  treated 
ther  in  plain  brick  or  in  pattern  brick  panels.  In  this  type  of  wall  construction  the  use  of 
,eel  shelf  angles  on  the  columns  at  the  floor  levels  is  recommended  (see  Fig.  304).  This  not 
one  prevents  wall  cracks  but  on  large  work  enables  the  builders  to  run  two  crews  of  brick 
,yers,  one  at  the  bottom  and  one  half  way  up  on  the  structure.  In  this  construction  of  the 
)andrel  a  steel  angle  is  necessary  on  which  to  carry  the  face  brick.  This  angle  can  be  left 
cposed  on  the  bottom  in  slow  burning  and  mill  buildings,  as  shown  in  Fig.  305,  but  should  be 
)vered  with  a  fireproof  material  in  fireproof  buildings  (see  Fig.  306). 

Corbels  and  Ledges. — In  slow-burning  and  mill  constructed  buildings,  and  often  in  ordinary 
)nstruction,  it  is  well  to  corbel  out  and  form  ledges  to  support  the  joist  or  floor  construction, 
'his  not  alone  allow  sthe  joist  to  fall  out  without  tearing  down  the  wall  in  case  of  a  fire,  but  also 
revents  smoke  and  small  fires  from  travehng  into  the  next  story  above  by  passing  between  the 
all  and  the  floor  construction.  Corbels  and  ledges  should  project  at  least  4  in.  out  from  the 
Lce  of  the  wall  as  shown  in  Fig.  307. 


^■Fhor  /ir» 


Line  of  bricknork- 
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corbels  in  cement 


IG.  304. — Detail  showing  self  angle    Fig.  305.— Spandrel    Fig.  306. — Spandrel 
on  concrete  column.  details.  detail  for  terra  cotta 

lintel. 


Fig.  307. 


Erection  of  Brick  Walls. — In  the  erection  of  masonry  walls,  no  wall  should  at  any  time  be 
irried  up  more  than  two  stories  above  another  wall  of  the  same  building  on  account  of  the 
anger  of  an  uneven  loading  on  the  building  foundations,  the  lack  of  a  continuous  bond  around 
le  entire  structure  and  also  the  danger  of  a  heavy  wind  storm  throwing  the  wall  out  of  line. 

Bond  in  Brick  Walls. — In  laying  common  brick  in  walls,  every  fifth  course  should  be  laid 
3  a  header  to  form  a  proper  tie  through  the  wall.  In  face  brick  two  headers  and  a  stretcher  or 
leir  equivalent  should  be  laid  in  every  sixth  course  to  form  a  proper  bond  between  the  face 
rick  and  the  common  brick. 

Brick  Sills. — Bricks  are  often  used  for  window  sills  in  brick  walls  in  place  of  stone  or  other 
aterial,  in  order  to  produce  the  desired  architectural  effect  and  sometimes  to  save  time  and 
loney.  Brick  used  for  sills  should  be  vitrified  brick  laid  in  cement  mortar  and  laid  as  a  header 
jurse. 

Parapet  Walls. — Parapet  walls  should  be  erected  around  all  flat  roof  buildings  as  a  fire  stop 
)  prevent  fires  from  traveling  from  one  roof  to  another ;  also  to  prevent  water  from  the  snow 
om  running  down  and  ruining  the  building  walls  and  from  falling  down  on  people  passing  on 
le  walks  below.  Parapet  walls  should  be  at  least  18  in.  high  on  the  street  fronts,  and  36  in. 
igh  on  the  lot  line  and  for  dividing  walls.  It  is  a  good  practice  to  face  the  inside  of  aU 
alls  with  a  vitrified  brick  to  prevent  disintegration  from  moisture  absorbed  from  the  snow,  which 
as  banked  against  it  during  the  winter  months.  Sections  through  parapet  walls  are  illus- 
ated  in  the  chapter  on  "Cornices  and  Parapet  Walls." 

Mortar  for  Brick  Walls. — Mortar  to  be  used  for  brick  walls  is  usually  determined  by  the 
ad  to  be  carried. 

Stress  Allowed  on  Brick  Work. — The  foUwing  table  taken  from  the  Chicago  Building  Ordi- 
ance  gives  the  safe  load  per  square  inch  allowed  on  brick  work: 

Paving  brick — 1  part  Portland  cement  to  3  parts  sand 350  lb.  per  sq.  in. 

Pressed  brick — 1  part  Portland  cement  to  3  parts  sand 250  lb.  per  sq.  in. 

Hard  common  select — 1  part  Portland  cement  to  3  parts  sand 200  lb.  per  sq.  in. 

Common  brick — All  grades — Portland  cement  mortar 175  lb.  per  sq.  in. 

Good  lime  and  cement  mortar 125  lb.  per  sq.  in. 

ttl  Good  lime  mortar 100  lb.  per  sq.  in. 
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Weight  of  Brick  Work  in  Common  Brick  Walls: 

9-in.  brick  wall 83  lb. 

13-in.  brick  wall 120  lb. 

17-in.  brick  wall 160  lb. 

21-in.  brick  wall 195  lb. 


per  sq. 
per  sq. 
per  sq. 
per  sq. 


ft. 
ft. 
ft. 
ft. 


Wall  Thicknesses. — Although  wall  thicknesses  for  brick  walls  are  determined  by  the  s>  jet 
stress  allowed  per  square  inch  on  the  brick  work,  yet,  from  common  practice,  certain,  sa 
definite  rules  have  been  fixed  upon.     The  table  and  rules  given  below  do  not  recognize  enclosi 
walls  less  than  12  in.  thick.     Walls  8  in.  thick  have  been  erected  and  have  stood  up  for  a  numl 
of  years,  but  it  is  not  recommended  that  they  be  used  in  general  practice. 

Table  Showing  Wall  Thicknesses  in  Inches  for  Enclosing  Brick  Walls 


Bsmt. 


One  story . . 
Two  story. . 
Three  story 
Four  story. 
Five  story . . 
Six  story. . . 
Seven  story 
Eight  story. 


12 
16 
16 
20 
24 
24 
24 
24 


12 
16 
20 
20 
20 
20 
24 


12 
12 
16 
20 
20 
20 
24 


12 
16 
16 
20 
20 
20 


12 
16 
16 
20 
20 


16 
16 
16 
20 


16 
16 


16 


Walls  less  than  50  ft.  long  can  be  built  4  in.  less  in  thickness  than  called  for  by  the  above  table,  except  thai- 
no  case  should  brick  walls  be  built  less  than  12  in.  thick.  Brick  walls  in  elevator  or  stair  shafts  need  not  exc 
16  in.  in  thickness  nor  its  upper  50  ft.  exceed  12  in.  in  thickness.  Where  masonry  buttresses  or  piers  or  pilast 
occur,  walls  may  be  reduced  in  thickness  by  one-half  of  the  projection  of  the  buttress  or  pier,  but  no  wall  should 
reduced  to  less  than  12  in.  in  thickness  and  no  12-in.  wall  should  be  less  than  30  ft.,  and  no  16-in.  wall  higher  tl 
50  ft.  Buttresses  or  piers  should  be  at  least  H  o  as  wide  as  the  space  between  them.  Buttresses  and  piers  i 
pilasters  should  be  so  placed  as  to  receive  the  principal  girders  and  trusses. 

197c.  Brick  Walls  Faced  with  Ashlar. — In  the  case  of  brick  walls  faced  wi 
stone,  granite,  terra  cotta,  or  other  ashlar,  this  facing  should  be  considered  as  part  of  the  w 
for  the  purpose  of  carrying  weight,  unless  every  second  course  is  a  bond  course  extendi 
back  into  the  wall  a  distance  of  at  least  8  in.  In  addition  to  this  it  is  well  to  tie  each  piece 
ashlar  back  with  two  galvanized  iron  anchors.  No  ashlar  should  be  less  than  4  in.  in  thickne 
nor  should  the  height  of  any  piece  of  ashlar  be  more  than  20  in.     As  a  general  rule  the  bri 


Fig.  308. — Coursed  ashlar  with 
same  size  blocks. 


Fia.   309. — Coursed  ashlar  with 
wide  and  narrow  courses. 


Fig.  310. — Coursed  ashlar 
with  header  blocks. 


backing  for  ashlar  should  be  laid  in  a  ce"ment,  or  lime  and  cement,  mortar.  WTiere  t«r 
cotta  is  used  for  ashlar,  it  is  made  as  a  hollow  block  formed  ^-ith  inside  webs  to  gain  strengi 
and  prevent  warping  while  it  is  being  burned.  The  hollow  space  in  terra  cotta  ashlar  aL 
allows  an  opportunity  for  the  brick  to  form  a  bond  by  extending  into  these  spaces. 

Ashlar  Jointing. — ^Of  the  many  waj^s  of  jointing  granite,  stone,  or  terra  cotta  ashlar,  tl 
coursed  ashlar  as  shown  in  Fig.  308  is  perhaps  the  cheapest  and  most  common,  as  the  blocJ 
can  be  made  or  quarried  all  of  the  same  size.  Another  form  of  coursed  ashlar  is  shown  in  Fi; 
309.     In  this  method  the  courses  alternate  with  a  wide  and  narrow  course.     This  can  also  I 
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varied  by  the  use  of  a  small  header  course  as  illustrated  in  ,iie  of  uniform 

ize  cannot  be  obtained  from  the  local  quarry  or  when  it  ijudding,  but  ^-  _oduce  a  varied  or 
more  interested  form  of  jointing,  what  is  known  as  broken  astuar'is  used.  This  form  costs 
more  and  also  requires  more  time  to  lay.  It  is  made  up  of  4,  6,  8,  10,  12  and  14-in.  pieces, 
as  sho\vn  in  Fig.  311,  or  in  4,  8,  and  12-in  pieces,  as  shown  in  Fig.  312.  Another  form  of  ashlar 
often  used  is  what  is  known  as  random  coursed  ashlar,  shown  in  Fig.  313.  In  this  type  the 
joints  A,  B,  and  C  carry  through  in  a  straight  line. 

Ashlar  Finish  for  Stone  Work. — Perhaps  the  first  step  in  stone  work  finish  is  the  rock  face 
(Fig.  314),  the  face  of  the  stone  being  left  rough  as  it  came  from  the  quarry.  Next  comes  the 
rock  face  with  the  margin  fine  finished  with  a  chisel  (Fig.  314).  Then  the  stone  is  given  the 
broached  finish  (Fig.  314) — that  is,  the  surface  is  dressed  level  and  continuous  grooves  are  left 
in  it;  this  might  be  called  the  first  step  toward  the  tooled  finish.     The  tooled  finish  is  done  with 
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Fig.  311. — Broken  ashlar  made  up  of      Fig.  312. — Broken  ashlar  made 
4-6-8-10-12-  and  14-in.  pieces.  up  of  4-8-12-in.  pieces. 


Fig.  313.— Random 
coursed  ashlar. 


Rock  face. 


Rock  face  with 

tooled  margin. 

Fig.  314. 


Broached  with 
tooled  margin. 
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Rough  pointed  with    Fine  pointed  with 
dressed  margin.  dressed  margin. 

Fig.  315. 


Fig.  316. — Drove. 
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Crandalled.         Patent-hammered. 
Fig.  317. 


Fig.  318.— Bush- 
hammered. 


Fig.  319.— Tooled 
face,  6  to  10  cut. 


a  wide  flat  chisel.  This  is  a  very  common  finish  for  sandstone  and  limestone.  Tooling  is  done 
in  6,  8,  or  10  cut,  measuring  6,  8,  or  10  grooves  to  the  inch.  For  finer  work  than  the  tooled  sur- 
face a  rubbed  finish  is  used.  This  is  done  by  taking  a  stone  when  first  sawed  and  placing  it  on 
a  revolving  bed,  then  rubbing  the  face  with  a  soft  stone,  water,  and  sand. 

Other  forms  of  surface  finish  for  stone  ashlar  are  rough  pointed  (Fig.  315),  fine  pointed  (Fig. 
315),  drove  work  (Fig.  316),  crandalled  (Fig.  317),  patent  hammered  (Fig.  317),  bush 
hammered  (Fig.  318),  etc. 

Ashlar  Finish  for  Concrete  Blocks. — As  concrete  blocks  are  a  cast  product,  they  can  have  the 
face  finished  in  almost  any  of  the  surface  finishes  used  for  stone  work.  Herein  is  one  of  the 
great  objections  to  cast  concrete  as  ashlar.  In  stone  work  an  individuality  and  interest  in  the 
wall  surface  comes  in  that  no  two  stones  are  alike,  while  in  concrete  each  piece  is  like  its  neighbor 
making  a  rather  monotonous  effect. 

Finish  on  Terra  Cotta  Ashlar. — In  the  making  of  terra  cotta,  a  variety  of  finishes  can  be  had 
in  the  surface  itself  and  also  in  the  glaze  and  color.  At  first  terra  cotta  was  only  made  in  one 
color,  which  was  the  natural  red  color  of  the  burnt  clay ;  now  it  can  be  secured  in  almost  any 
color  or  combination  of  colors  and  effects  that  may  be  desired. 

Painting  of  Ashlar  Work. — When  stone  or  granite  is  used  for  ashlar  or  for  trimmings,  it 
should  be  painted  on  the  back  and  on  the  edges  to  within  1  in.  of  the  face  with  a  black  water- 
proof paint  to  prevent  discoloration  from  cement  and  moisture. 


0£o« 


HANDBOO.  OF  BUILDING  CONSTRUCTION 


Sec.  3-107. 


■^. 


Brick  WaltsPrick  Work  in  Co  Blocks. — In  addition  to  the  use  of  stone,  granite,  or  terra  cott 
for  ashlar,  a  cast  cemb.O-in.  bri^-a  imitation  of  stone  is  also  often  used.  It  has  the  advantag 
over  stone  in  that  molded  and  ornamented  pieces  can  be  produced  at  a  less  expense  than  th 
same  work  could  be  cut  in  stone.  It  does  not,  however,  make  as  interesting  a  wall  from  ai 
architectural  standpoint  as  stone,  granite,  or  terra  cotta. 

197d.  Damp  Proofing  of  Walls. — All  masonry  walls  above  grade  that  are  to  b. 
plastered  on  the  inside  should  be  given  a  coat  of  damp  proofing,  so  that  the  moisture  will  no 
come  through  and  stain  the  plaster.  This  precaution  is  not  so  necessary  if  the  walls  are  to  b' 
furred  and  lathed  on  the  inside  before  being  plastered. 

197e.  Furring.— Furring  for  interior  walls  to  be  plastered  can  be  done  b: 
%  X  2-in.  wood  furring  strips  set  vertically  to  which  the  wood  lath  are  nailed  to  receive  th". 
plaster;  or  by  a  2-in.  tile  furring  scored  for  plaster;  or  by  V-shaped  metal  furring  to  which  th' 
metal  lath  are  wired.  ' 

197/.  Brick  and  Tile  Walls. — In  late  years  walls  have  been  erected  in  residence  f 
and  country  clubs  made  of  hollow  burnt  clay  tile  with  a  brick  veneer  facing.     This  gives  a  ligh  | 
wall  with  an  air  space  and  an  inside  surface  that  can  be  plastered  on  direct.     In  this  typ 
of  construction  a  narrow   course  of  tile  should  be  used  about  every  third  course  so  as  t« 
permit  the  brick  to  enter  tnto  the  wall  and  form  a  bond.  ' 

197^.  Tile  and  Plaster  Walls.— Perhaps  one  of  the  cheapest  masonry  walls  tha  f 
can  be  built  for  small  buildings  is  a  tile  wall  plastered.     The  tile  should  be  scored  both  sides  S(  r 
that  both  the  exterior  and  interior  plaster  will  form  a  good  bond.     Buildings  of  this  type,  twc  t- 
stories  or  more  in  height,  should  be  erected  in  the  skeleton  form  of  construction  so  that  the  til. 
will  be  used  only  as  a  filler.     Tile  for  such  walls  should  be  at  least  12  in.  thick  and  laid  ver 
tically  so  as  to  develop  its  full  strength.     Lintels  over  window^s  and  door  openings  can  b. 
formed  by  means  of  tile  arches,  or  the  tile  work  can  be  carried  on  steel  lintel  angles.     A  variet-> 
of  effects  in  color  and  texture  can  be  obtained  in  the  plastering  of  the  outside  walls.     Tile  ii 
walls  to  be  plastered  should  be  laid  with  broken  joints  similar  to  brick  work  so  as  to  avoi(  ' 
long  vertical  cracks  forming  in  the  plaster.     If  the  wall  is  to  have  box  frame  windows,  can  ' 
must  be  taken   to  secure  special  tile  shapes  to  receive  the  weight  box  and  also  to  form  a  1-in 
wind  break  at  the  head  of  the  openings.     The  inside  trim  can  be  secured  by  nailing  into  the    ' 
joints  between  the  tile. 

197/i.  Frame  Walls. — The  most  common  form  of  w'all  throughout  this  countrj 
is  the  wood  frame  wall  constructed  with  2-in.  studs,  sheathing,  and  clapboard  or  shingles,  anc 
plastered  on  the  inside.     The  studs  are  2  X  4,  2  X  6,  or  2  X  8  in.,  depending  upon  their  length  anc 
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320. — Detail  showing  studs  resting 
on  plate  on  top  of  joist. 


Fig.  321. — Detail  showing  studs 
resting  on  wall  plate. 


IT 


the  load  to  be  carried.  These  studs  are  spaced  either  12  or  16  in.  on  centers  which  is  determined 
by  the  length  of  the  lath.  On  the  outside  of  the  studs  is  nailed  the  sheathing  which  is  Ii  in. 
thick,  matched  and  dressed  on  one  side;  then  a  layer  of  paper  is  put  on;  and  finally  the  clap- 
boards or  shingles.  On  the  inside  are  the  lath  and  over  this  the  plaster.  A  2-in.  plate,  the 
width  of  the  studs,  is  nailed  to  the  top  to  provide  bearing  for  the  rafters.  At  the  bottom  a 
plate  is  required  on  top  of  the  joist  to  form  a  bearing  for  the  studs  (see  Fig.  320).  Sometimes, 
however,  the  studs  are  extended  down  to  the  sill  under  the  joist  as  shown  in  Fig.  321. 
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Beveled  Siding 


Studding. — Formerly  a  great  deal  of  pine  was  used  for  studding,  but  owing  to  the  scarcity 
tid  high  cost  of  pine,  hemlock  and  spruce  have  taken  its  place.  Material  used  for  studding 
lould  be  clear  and  free  from  shakes  and  large  knots. 

Sheathing. — Sheatliing  is  now  made  entirely  from  hemlock  or  spruce.  Sheathing  should 
e  nailed  to  each  stud  with  two  eight  penny  nails.  To  give  additional  bracing  to  the  house, 
leathing  is  very  often  nailed  on  diagonally. 

Building  Paper. — The  use  of  building  paper  between  the  sheathing  and  the  clapboards 
r  shingles  is  very  desirable  as  the  wood  in  the  wall  shrinks  which  forms  cracks  through  which 
le  wind  finds  its  way.  Building  or  sheathing  paper  should  be  tough,  elastic,  and  impene- 
•able  to  moisture  or  air.  A  tar  paper  is  not  recommended  as  the  oil  in  the  paper  soon  evapo- 
tes  and  leaves  the  paper  very  brittle  and  soft.  Paper  is  usually  put  on  horizontally  with  at 
ast  a  2  or  3  -in.  lap.  If  additional  protection  is  required,  a  sheathing  quilt  can  be  used.  This 
somewhat  more  expensive. 

Clapboard  or  Siding. — Siding  is  usually  of  two  kinds — beveled  and  drop  siding  (see  Fig. 
22).  Drop  siding  is  often  molded  as  shown.  As  beveled  siding  is  cut  with  a  saw  from  the 
rcumference  to  the  center  it  is  a  quarter-sawed  piece  of 
mber  and  hence  shrinks  very  little  after  it  is  in  use.  Drop 
ding  is  a  plain  sawed  material  and  hence  will  shrink.  The 
est  durable  material  for  siding  or  clapboard  is  cypress  or  red- 
cod.  Soft  pine  has  been  used  a  great  deal  but  owing  to  the 
iarcity  of  the  material  it  has  gone  almost  out  of  use.  Clear 
jruce  is  also  used,  but  it  is  not  so  good  as  pine  or  cypress. 
ding  is  sometimes  nailed  directly  to  the  stud  without  a 
leathing,  but  this  is  not  desirable  as  it  does  not  give  the  build- 
Lg .secure  enough  bracing  nor  does  it  make  it  warm  enough  in  the  winter.  A  priming  coat  of 
aint  should  always  be  given  the  siding  as  soon  as  it  is  finished,  as  this  will  keep  the  sun  from 
arping  it  and  in  a  measure  prevent  shrinkage. 

Wall  Shingles. — Shingles  are  often  used  on  vertical  exterior  walls,  sometimes  as  a  matter 

economy  but  generally  to  produce  an  architectural  effect.     Shingles  make  a  warmer  wall 

jvering  than  siding  as  they  are  three  thicknesses,  while  siding  is  only  one.     Shingles  on  wall 

irfaces  are  laid  the  same  as  for  roof  surfaces.     Shingles  should  always  be  dipped  in  creosote 

iain  before  they  are  used.     To  produce  a  rustic  effect  a  long  hand-made  shingle  called  a  shake 

used.     These  can  only  be  obtained  in  certain  localities. 

197i  Wood  and  Plaster  Walls. — In  wood  and  plaster  walls  the  studs,  sheatliing, 
id  paper  are  used  the  same  as  above  described  for  frame  walls.  The  walls  are  then  prepared 
»r  plastering  by  the  use  of  furring  and  lath.  If  wood  furring  strips  are  used,  they  are  generally 
Lade  of  %  X  2-in.  material,  12  or  16  in.  on  centers,  and  nailed  on  vertically.  The  wood  lath 
re  nailed  over  this  furring,  the  same  as  for  interior  plastering,  and  then  the  surface  is  plastered. 
197y.  Brick  Veneer  Walls. — Wood  and  brick  walls,  or  brick  veneer  walls  as  they 
•e  called,  are  quite  common  for  dwellings.  They  have  an  advantage  in  that  they  give  the 
ppearance  of  a  brick  building  at  a  very  small  expense.  A  lower  rate  of  insurance  can  also  be 
cured  on  this  type  of  construction.  If  properly  constructed,  they  make  a  very  warm  building, 
'he  brick  is  laid  as  a  4-in.  facing  1  in.  away  from  the  sheathing,  so  as  to  produce  an  air  space, 
'he  brick  in  veneered  buildings  are  held  to  the  frame  work  by  means  of  metal  ties  placed  on 
^ery  other  brick  in  every  fourth  or  fifth  course.  Brick  work  over  window  or  door  openings 
lOuld  be  carried  by  means  of  small  lintel  angles. 

197fc.  Sheet  Metal  Walls. — For  sheet  metal  walls,  what  is  known  as  corrugated 
ding  is  used.  This  siding  is  made  in  sheets  with  ^,  l}i,  2,  2}i,  3,  and  5-in.  size  corrugations 
nd  in  length  of  5  to  12  ft.  This  siding  is  set  vertically  with  a  1-in.  lap  at  the  bottom  and  one 
)rrugation  at  the  side.  Siding  can  be  secured  in  black,  painted,  or  galvanized,  and  for  special 
ork  a  rustless  siding  is  made  by  immersing  the  metal  in  an  asphaltic  compound  and  then 
jvering  the  surface  with  a  covering  of  pure  asbestos  felt  laid  over  the  hot  asphalt  and  forced 
ito  it  under  pressure.  This  forms  a  sheet  that  is  gas  and  fume  proof.  Corrugated  metal 
ding  can  be  used  over  a  wood  or  steel  frame  work  as  the  case  may  require.     If  nailed  to  wood, 
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the  nails  should  be  driven  in  the  trough  of  each  alternate  corrugation  about  2  in.  above  tht 
lower  end  of  the  sheet  which  will  be  1  in.  above  the  top  end  of  the  under  sheet.     The  side  lap.  ',^, 
unless  very  long  sheets  are  used,  need  not  be  nailed.     If  the  siding  is  attached  to  a  sheet  frame 

work,  then  special  clips  are 


Fig.   323. — Corner  plan  showing  patent  molded  steel  walls, 
detail  plan  giving  a  general  idea  of  this  type  of  construction. 


used  and  the  siding  screwed 
or  bolted  to  these  clips. 

A  patent  interlocking  molded 
siding  manufactured  by  the  C.  D 
Pruden  Company  of  Baltimore  if 
also  used  extensively  for  quicls 
and  light  factory  and  shop  build- 
ing. This  siding  is  made  o: 
standard  gage  galvanized  stee 
sheets  2  ft.  wide  by  8,  9,  10,  anc 
12    ft.    long.     Fig.    323    shows    £ 
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198.  Party  "Walls. — A  party  wall  is  a  dividing  wall  used  or  intended  to  be  used  by  both  ol 
the  adjoining  property  owners.  It  is  generally  centered  on  the  lot  Line.  Before  a  party  wall  ii 
constructed,  a  definite  written  agreement  should  be  made  between  the  two  propertj^  owners 
defining  very  clearly  the  rights  of  each  to 
the  use  of  the  wall;  the  thickness,  height, 
and  depth  that  the  wall  is  to  be  con- 
structed ;  and  the  right  to  underpin  and  to 
increase  its  height.  It  is  customary  for  the 
owner  who  builds  first  to  pay  for  the  entire 
cost  of  the  wall  and  then  when  the  adjoining 
property  owner  decides  to  build,  to  have 
him  pay  the  first  owner  one-half  of  the  cost 
of  the  wall,  this  cost  being  based  on  the  cost 
_of  labor  and  material  at  the  time  the  second 
owner  decided  to  make  use  of  the  wall. 
Party  walls  are  made  about  the  same  thick- 
ness as  the  enclosing  walls.  Some  city  ordi- 
nances require  these  walls  to  be  4  in.  thicker 
than  enclosing  walls,  while  others  permit 
them  to  be  constructed  4  in.  thinner.  The 
party  wall  has  the  advantage  over  the  line 
wall  in  that  it  permits  of  a  balanced  footing, 
saves  ground  space,  and  is  more  economical, 
as  both  parties  share  the  cost  of  same. 
Openings  in  party  walls  should  have 
thorough  fire  protection  to  prevent  the  fire 
from  going  from  one  building  into  the  other. 
It  is  customary  to  have  self-closing  fire 
ioors  on  each  side  of  the  wall.  These  doors 
should  have  fusible  links  and  close  by 
gravity  or  by  weight.  Ba^mentfhor^ 

In  the  case  of  an  existing  party  wall  in  which 
the  new  building  is  to  have  the  same  or  less  base- 
ment level,  and  in  which  the  height  of  the  new  build- 
ing is  not  to  exceed  the  one  on  the  other  side  of  the 
party  wall,  the  problem  is  a  very  simple  one.  If  the  party  wall  is  comparatively  new,  it  may  not  need  anything 
more  than  patching  up  in  places,  so  that  the  new  plastering  can  be  done  directly  on  the  wall;  or  if  the  wall  be  a  trifle 
uneven  it  can  be  furred,  lathed,  and  plastered;  or  a  new  tile  wall  can  be  erected  against  the  old  wall  to  receive  the 
plastering.  Frequently  the  basement  of  the  new  building  is  at  a  lower  depth  than  the  wall,  in  which  case  it  is 
necessary  to  underpin  the  party  wall  and  carry  it  down  to  the  necessary  level.     If  the  new  skeleton  building  is  to 
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Fig.   324. — Treatment  of  existing  party  wall. 
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nd  up  above  the  present  building,  it  may  be  necessary  to  cut  chases  in  the  old  wall  to  receive  the  wall  columns; 
I  the  wall  may  remain  as  it  stands  and  a  new  tile  partition  is  built  parallel  to  the  old  wall  to  receive  the  plaster, 
additional  height  may  then  be  cared  for  as  a  curtain  wall,  either  as  a  line  or  party  wall  (see  Fig.  324). 

199.  Curtain  Walls. — In  buildings  of  the  skeleton  type  of  construction  the  outer  masonry- 
Is  are  supported  in  each  story  by  means  of  spandrel  girders  and  therefore  only  carry  their 
a  weight. 

On  alley  and  lot  line  exposures  the  curtain  walls  should  be  constructed  of  12  in.  of  brick 
ecure  the  proper  fire  protection.     In  street  walls  where  large  windows  occur  the  spandrel 

ow  the  window  may  be  constructed  of  12  in.  of  brick,  or  4-in. 

;k  facing  backed  with  8-in.  fire  clay  tile,  or  4-in.  terra  cotta 

ked  with  8  in.  of  brick  or  tile.     Spandrels  below  windows  are 

)  constructed  of  reinforced  concrete.     In  such  cases  a  minimum. 

jkness  of  8  in.  of  concrete  should  be  used.     These  spandrels  are 

jn  reinforced  to  act  as  the  upper  part  of  the  wall  beam,  but  the 

.al  method  is  to  consider  this  portion  separate  from  the  beam 

I  merely  reinforce  with  small  rods  or  wire  fabric  so  as  to  pre- 

it  cracks.     If  this  is  done,  the  spandrels  may  be  put  in  after 
main  structural  parts  have  been  cast,  which  saves  time  in  the 

ction  of  the  building  and  allows  the  use  of  more  care  in  obtain- 
aneat  finish  on  the  spandrel  walls.      Reinforced  concrete  is 
adapted  to  construction  of  walls  that  require  considerable 

sngth  but  for  ordinary  curtain  walls  and  for  spandrels  below 

idows  they  are  more  expensive  than  brick  on  account  of  the 

t  of  forms. 

200.  "Walls  for  Cold  Storage  Buildings. — In  the  construction 
walls  for  cold  storage  buildings,  the  abihty  to  resist  moisture- 
J  the  transmission  of  heat  is  of  the  greatest  importance.     The 

bulating  value  of  the  structural  wall  need  not  be  considered,  as 
t  s  is  taken  care  of  by  cork  or  lith  linings.  If  permitted  by  the 
ey  ordinances,  perhaps  the  best  method  for  constructing  exterior 
vUs  is  with  brick  and  hollow  tile,  as  shown  in  Fig.  325.  A  hard 
V  rifled  brick  is  recommended  on  account  of  its  ability  to  resist 
Distiire.  These  brick  should  be  bonded  into  the  tile  as  shown. 
I  will  be  noted  that  the  exterior  wall  is  constructed  entirely 
3);irate  from  the  interior  frame  work,  and  are  tied  together  by 
rans  of  galvanized  anchors.  In  wall-bearing  types  of  build- 
i  ;s,  an  insulation  can  be  effected  b>  carrying  the  insulating 
riterials  around  the  ends  of  the  girders  (see  Fig.  326).  In  con- 
Biictions  of  this  type  the  flooring  should  stop  against  the  wall 
I  Illation  as  shown.  Another  method  of  masonry  wall  construc- 
t  n  is  a  double  brick  wall  with  the  space  between  filled  with  gran- 
iited  cork  (see  Fig.  327).  In  this  case,  wall  ties  are  also  necessary 
t  liuld  the  structure  together. 

201.  Wall  Insulation  and  Partition  Deadening. — For  the  purpose  of  insulating  walls  to 
1  'P  out  the  cold  and  heat  and  for  the  deadening  of  partitions  between  apartments  or  studios, 
.lumber  of  materials  are  now  on  the  market  at  a  reasonable  price.  Some  of  these  are  made  of 
I  ilt  cd  eelgrass,  others  of  balsam  wool,  gypsum,  plaster,  cane  pulp,  cork,  etc.  Some  of  the  above 
iitcrials  come  in  the  form  of  a  quilt,  others  are  pressed  into  sheets  or  boards,  and  again  others 

n  be  had  in  loose  form  to  be  used  to  fill  into  voids. 

Figs.  328  to  333  inclusive  show  various  methods  of  using  insulating  materials. 


Fig.  325. — Details  of  brick  and 
tile  cold  storage  walls. 
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202.  Vault  Construction. 

202a.  Vaults  in  Fireproof  Buildings.— In  modern  fireproof  buildings  of  the  ske 
ton  type,  the  vaults  act  as  additional  fire  protection  only  and  the  walls  are  made  of  but  a  sing  ' 
thickness  and  at  other  times  of  two  thicknesses  with  an  air  space  between.     These  walls  shou 
start  on  the  floor  construction  and  extend  to  the  ceiling. 
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Fia.  326. — Wall  bearing  type  of  construction 
showing  beams  insulated. 


Fig.   327. — Double  brick  wall  with  space  filled 
with  granulated  cork. 
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Fig.  328. — Wall  insulation  with 
one  layer  of  quilt. 
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Fig.  331. — Partitions  deadened 
with  two  layers  of  quilt-fireproof 
construction. 
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Fig.  329. — Wall  insulation  with 
one  layer  of  quilt  on  studs  for  out- 
side plaster  walls. 
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Fig.  332. — Partition  deadened  with 
three  layers  of  quilt. 
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Fig.  330. — Partition  deadening 
with  two  layers  of  quilt-wood  con- 
struction. 
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Fig.   333. — Partition  deadened — 
quilt  nailed  to  staggered  studs. 


2026.  Vaults  in  Mill,  Slow-biu-ning,  and  Ordinary  Constructed  Buildings. — h 
the  fire  hazard  increases  it  becomes  more  necessary  to  protect  the  contents  of  the  vault.  Thu 
in  buildings  of  this  class,  the  walls,  floors,  and  ceilings  of  the  vault  are  made  of  heavy  masonr} 
and  the  vault  walls  rest  on  foundations  independent  of  the  building,  so  that  in  case  the  buildin 
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!  destroyed  by  fire  the  vault  will  remain  standing  intact.  Walls  for  vaults  of  this  tjT^e  should 
e  constructed  of  either  brick  or  concrete,  built  so  as  to  form  an  air  space,  or  the  walls  and  ceil- 
ig  should  be  lined  on  the  inside  with  hollow  tile.  It  is  very  necessary  to  have  a  strong  ceiling 
ver  these  vaults  to  withstand  any  damage  that  may  be  caused  by  falling  timbers  or  adjoining 
rick  walls. 

In  recent  years  a  great  many  vaults  have  been  built  to  store  small  quantities  of  oils,  varnishes,  etc.  These 
aults  should  have  self-closing  fire  doors  and  have  the  door  sills  at  least  G  in.  above  the  floor  so  that  in  case  of  a  leak 
I  a  barrel  the  varnish  or  oil  will  not  run  out  and  permit  the  fire  to  travel  back  into  the  vault.  Vaults  of  this  kind 
lould  also  have  vents  when  possible;  care  must  be  taken  to  protect  these  vents  with  self-closing  louvres. 

202c.  Bank  and  Safety  Deposit  Vaults. — Vaults  in  banks  and  safety  deposit 
ompanies  should  have  burglar  proof  features  as  well  as  being  constructed  to  withstand  fire. 
Vhen  possible  it  is  well  to  have  the  vault  stand  free  from  adjoining  walls  so  that  when  the  watch- 
aan  makes  his  rounds  he  can  inspect  all  sides  of  it.  The  walls  should  be  constructed  of  brick  with 
teel  linings  or  of  concrete  heavily  reinforced  with  steel.  In  some  cases,  walls  are  not  alone  con- 
tracted of  reinforced  concrete  but  also  have  steel  linings.  Steel  linings  for  vaults  are  made  of 
wo  or  more  thicknesses  of  chrome  steel  about  }i  in.  thick  anderected  with  lap  joints.  Walls 
or  ordinary  small  banks  are  now  usually  made  of  12  in.  of  concrete  reinforced  with  K-in. 
ound  steel  wires,  2-in.  mesh,  one  mesh  set  l}i  in.  from  the  inside  of  the  wall,  and  another  mesh 
J^  in.  from  the  outer  surface  of  the  wall.  The  floor  and  ceiling  of  the  vault  should  also  be  rein- 
orced  in  a  similar  manner.  A  wall  of  this  kind  will  require  about  8  hr.  to  penetrate,  which  is 
he  usual  length  of  time  set  on  the  door  time  clock.  Special  1-in.  square  bar  reinforcements  should 
le  set  in  the  wall  at  the  hinge  side  of  the  vault  door  to  properly  carry  the  weight  of  the  steel  door. 
This  reinforcement  should  be  carried  up  and  through  the  vault  roof  slab  and  turned  down  on  the 
ther  side.  To  protect  the  contents  of  a  vault  from  dampness,  the  walls  are  often  lined  with 
;  in.  of  brick  having  an  air  space  between  the  lining  and  the  vault  wall.  This  air  space  should  be 
arefuUy  ventilated. 

PARTITIONS 

By  Frederick  Johnck 

203.  Partitions  in  Mill,  Slow-burning,  and  Fireproof  Constructed  Buildings. — Partitions 
)r  dividing  walls  in  mill,  slow-burning,  and  fireproof-constructed  buildings  are  not  generally 
equired  to  support  a  load,  but  to  serve  the  purpose  of  dividing  a  space  into  rooms.  Therefore, 
luch  partitions  need  have  only  sufficient  strength  to  carry  their  own  weight  and  be  rigid  enough 
,o  withstand  ordinary  horizontal  thrusts.  The  materials  employed  should  be  light,  incombusti- 
)le,  and  poor  conductors  of  heat.  If  the  space  to  be  enclosed  is  to  be  fireproof,  the  doors  and 
vindows  in  the  partitions  should  be  self-closing  and  be  made  of  incombustible  material,  glazed 
vith  wire  glass.  For  ordinary  office  partitions,  dividing  the  office  from  the  corridor  or  the  re- 
!eption  room,  the  lower  33^^  ft.  is  usually  made  of  an  incombustible  material  and  the  upper  part 
)f  a  fixed  wood  and  glass  partition,  with  movable  transoms  to  permit  ventilation  of  the  rooms. 
203a.  Brick  Partitions. — Partitions  around  elevators  and  stair  shafts  in  slow- 
3urning  and  mill  constructed  buildings,  and  partitions  around  boiler  room  and  coal  storage 
space  in  all  commercial  types  of  buildings,  are  usually  constructed  of  brick.  When  walls  of 
;his  material  are  used  to  enclose  the  elevator  shaft  in  ordinary  mill  and  slow-burning  buildinj^s, 
hey  form  a  means  of  support  for  the  overhead  elevator  machimry.  When  used  to  enclose 
stairways  in  a  building  of  the  slow-burning  type,  they  form  a  safe  means  of  exit  in  case  of  fire. 
Ml  openings  in  these  partitions  should  be  protected  with  incombustible  doors  or  windows. 
Brick  partitions  around  boiler  rooms  and  cold  storage  spaces  prevent  the  spreading  of  fires 
;hat  often  occur  in  such  places.  Partitions  constructed  of  brick  are  also  used  for  dividing  large 
auildings  into  small  areas  to  reduce  fire  risks,  also  round  shipping  platforms  to  withstand  the 
ard  usage  from  trucks  and  boxes.  Openings  in  walls  enclosing  shipping  platforms  and  in  walls 
iividing  the  building  into  smaller  areas  should  be  carefully  protected  with,  steel  jamb  guards. 
Partitions  constructed  of  brick  should  be  at  least  12  in.  thick.  Brick  for  partition  work  should 
36  good,  hard-burned,  kiln-run  common  brick,  laid  in  lime  and  cement  mortar. 
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203&.  Concrete  Partitions. — Partitions  of  stone  concrete  of  the  same  thicknes 
as  those  of  brick  are  sometimes  used  in  place  of  brick,  but  the  cost  of  form  work  often  bring 
the  cost  of  the  wall  above  that  of  brick.  Concrete  for  partitions  should  be  mixed  in  the  propor 
tion  of  1  part  cement,  3  parts  sand,  and  5  parts  stone — -stone  to  be  no  larger  than  will  pas 
through  a  ^^-in.  ring.  If  concrete  is  used  for  partitions  around  very  large  coal  storage  spaces 
it  is  often  necessary  to  reinforce  same  with  the  proper  amount  of  steel.  In  certain  localities  , 
hollow  cast-concrete  block  is  used  which  makes  a  fairly  satisfactory  wall.  These  blocks  ar 
generally  made  by  a  local  company,  so  that  in  competition  with  other  materials,  thej^  can  b 
sold  for  less  money  on  account  of  the  saving  in  freight.  They  have  the  advantage  over  &oli< 
concrete  walls  in  that  they  can  be  taken  down  and  changes  made  in  the  arrangement  of  the  rooD 
with  less  difficulty. 

Solid  concrete  partition  walls  may  be  made  3  or  4  in.  thick  if  reinforced.  Extra  rods  should  be  placed  near  th 
edges  of  all  openings,  and  rods  should  project  into  the  floor  and  ceiling  for  anchorage.  It  is  usually  convenient  t 
pour  the  concrete  after  the  floor  is  laid,  and,  where  partitions  are  not  located  under  beams,  this  may  be  done  b 
leaving  a  slot  in  the  floor  at  the  proper  place.  A  solid  concrete  wall  4  in.  in  thickness  makes  a  very  efficient  fii 
resisting  partition,  but  is  heavy  and  difficult  to  install.  For  this  reason  metal  lath  and  plaster,  tile,  and  plast< 
blocks  are  generally  used  in  preference  to  concrete. 

203c.  Tile  Partitions. — Partitions  of  hollow  tile  made  of  burnt  claj'  are  generall 
used  around  offices  and  rooms  in  slow-burning  and  mill  constructed  buildings,  and  also  aroun 
stairs  and  elevator  shafts  in  fireproof  buildings.  Hollow  tile  for  partition  work  of  this  kind  i 
very  desirable  and  no  better  material  can  be  had.  The  tile  block  is  usually  12  x  12  in.  squar 
and  3,  4,  6,  8,  or  12  in.  thick.  Tile  to  be  used  in  partitions  to  be  plastered  is  scored.  The  3-ii 
tile  is  used  in  office  and  room  partitions  up  to  12  ft.  in  height.  Partitions  more  than  12  fi 
high,  and  partitions  around  stairs  and  elevator  shafts,  are  usually  4  or  6  in.  in  thickness.  Th 
larger  tile  are  generally  used  in  long  di\'iding  walls.  Tile  for  partition  work  should  be  a  goo 
hard-burned  clay  tile,  laid  vertically  so  as  to  develop  full  strength  and  carefully  wedged  in  a 
the  ceiling.  For  partitions  that  are  to  be  plastered  a  tile  shoul 
be  selected  that  has  not  been  warped  in  burning,  so  as  to  permi 
of  an  even  coat  of  plaster  over  the  entire  surface.  Care  shouU 
also  be  taken  in  selecting  tile  that  wall  not  cause  plaster  stains  c 
pop  marks.  To  avoid  this  it  is  well  to  secure  a  material  from 
plant  that  has  been  in  operation  for  some  time  and  observing  th; 
material  after  it  has  been  in  use  a  year  or  more.  On  account  o 
changes  in  offices,  tile  partitions  are  now  often  laid  directly  o: 
top  of  the  wood  floor.  Wood  bucks  at  doors  and  other  openings  are  required.  These  buck 
are  sometimes  nailed  into  the  joints  or  wood  strips  bedded  in  the  joints,  or  they  are  mad 
wider  than  the  partitions  and  channeled  out  to  receive  the  tile,  as  shown  in  Fig.  334 
Necessary  furring  strips  nailed  into  the  joints  to  receive  the  wood  base,  picture  mold,  an 
chair  rail  should  be  set  before  the  plastering  is  applied. 

The  weights  per  square  foot  of  standard  tile  partitions  are  given  in  the  accompanying  table. 

Weight  of  Tile  Partitions 


Size  of  tile 
(in.) 


Weight  per  square  foot 
(pounds) 


Weight  per  square  foot 

plastered  both  sides 

(pounds) 


3 
4 
6 
8 
10 
12 


13 
15 
22 
28 
34 
35 


21 
23 
30 
36 
42 
43 


As  a  general  rule,  a  hard-burned  tile  weighs  less  than  a  porous  or  semi-porous  tile,  as  the  thickness  of  the  materi* 
can  be  made  less.  Mortar  for  tile  work  should  be  composed  of  1  part  Portland  cement  to  3  parts  clean,  sharp  sam 
— lime  not  to  exceed  10  %  by  volume. 
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203d.  Gypsum  Block  Partitions.— In  recent  years  a  partition  made  of  calcined 
gypsum  mixed  with  fiber  and  molded  into  a  block  shape  has  come  greatly  into  use.  Tlicse 
blocks  are  made  solid  or  hollow,  12  in.  wide,  30  in.  long,  and  3,  4,  5,  6,  and  8  in.  thick.  They 
are  laid  in  regular  courses  breaking  joints  as  in  brick  work  and  are  set  m  hme  mortar,  ihe 
gypsum  block  partition  is  not  as  fireproof  nor  will  it  stand  as  great  a  horizontal  thrust  as  a  tile 
partition,  but  it  has  an  advantage  of  being  lighter  in  weight  and  also  an  advantage  m  that  open- 
ings can  be  cut  in  the  partition  with  a  saw.  The  cost  of  this  partition  is  also  a  trifle  less  than 
tile.     The  usual  wood  bucks  at  openings  and  grounds  for  trim  are  required  the  same  as  for  tile 

"^^^   The  weight  per  square  foot  of  gypsum  block  partitions  is  given  in  the  following  table. 


Weight  of  Gypsum  Block  Partitions 


Size  of  block 


3  in.  hollow 

3  in.  solid 

4  in.  hollow 

5  in.  hollow 

6  in.  hollow 
8  in.  hollow 


Weight  per  square  foot 
(pounds) 


Weight  per  square  foot 

plastered  both  sides 

(pounds) 


9.9 
12.4 
13.0 
15.6 
16.6 
22.4 


17.9 
20.4 
21.0 
23.6 
24.6 
30.4 


203e.  Expanded  Metal  and  Plaster  Partitions.— A  thin  partition  of  plaster 
applied  to  metal  lath,  making  a  solid  partition  about  2  in.  thick,  is  often  used  around  small 
offices  and  toilet  rooms  in  factories  of  slow-burning  or  mill  construction.  This  type  of  parti- 
tion is  light  in  weight  and  a  trifle  less  expensive  than  any  form  of  tile.  The  difficulty  of  cutting 
openings  makes  them  rather  undesirable  in  partitions  that  need  to  be  changed  often.  The 
metal  and  lath  partition  is  usually  constructed  of  vertical  1-in.  steel  channels  set  12  or  16  m. 
on  centers,  bent  and  punched  at  the  ends  for  nailing  to  floor  and  at  ceiling.  At  the  openings 
a  1  X  1-in  angle,  punched  so  that  the  wood  buck  can  be  screwed  on,  is  used.  Over  these  studs  a 
metal  lath  is  stretched  and  wired  to  the  studding  with  galvanized  wire.  Grounds  are  secured 
to  the  lath  by  means  of  staples.  Plastering  is  first  a  scratch  coat  on  one  side,  a  brown  coat  on 
each  side,  and  then  the  white  coat  on  each  side  for  finishing.     The  weight  of  this  partition  is 

about  17  lb.  per  sq.  ft. 

204.  Partitions  in  Non-fireproof  Buildings.— Partitions  or  dividmg  walls  m  non-fireproot 

buildings,  are  often  required  to  support  a  light  load,  so  as  to  reduce  the  span  of  the  joists  above 

204o    Wood  and  Plaster  Partitions.— For      such  buildings  as  residences  and 

small  stores,  hotels,"  offices,  etc.,  where  the  question  of  fire  risks  is  not  a  strong  factor,  the  most 

common  form  of  partition  is  the  wood  stud,  lath,  and  plaster  partition.     The  studs  are  either 

2  X  4  in  or  2  X  6  in.,  spaced  12  or  16  in.  on  centers.     On  these  studs  are  nailed  wood  lath,  and 

over  the  lath  the  plaster  is  applied.     Lath  made  of  pine,  spruce,  or  hemlock  are  used.     They 

should  be  straight  grained  and  well  seasoned.     The  regular  size  of  lath  is  H  X  1 3-2  m.  and  4  ft. 

long.     This  length  regulates  the  spacing  of  the  studs.     The  lath  are  nailed  on  in  parallel  rows 

about  M  in.  apart  with  3  penny  nails  to  enable  the  plaster  to  form  a  key.     To  prevent  cracking 

the  lath  are  laid  with  broken  joints  at  every  seventh  or  tenth  lath.     Over  the  lath  the  plaster 

is  applied  either  in  two  or  three  coats,  as  may  be  required.     The  necessary  grounds  to  receive 

the  trim  should  be  nailed  on  before  the  plastering  is  done.     The  weight  per  square  foot  of  wood 

and  plaster  partitions  is  given  in  the  table  on  p.  628. 
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Size  of  studs 
(inches) 


Spacing  of  studs 
(inches) 


Weight  of  partition  per  square 

foot,  plastered  both  sides 

(pounds) 


2X4 
2X4 
2X6 
2X6 


12 
16 
12 
16 


18 
17 
19 
18 


2046.  Expanded  Metal  and  Plaster  Partitions.— Expanded  metal  and  plaster 
partitions  are  sometimes  used  in  non-fireproof  buildings,  constructed  as  described  in  Art.  20.3e. 
Metal  lath  over  wood  studs  are  also  sometimes  used.  It  is  seldom  that  any  special  advantage 
is  gained  by  the  use  of  such  partitions  in  non-fireproof  buildings. 

204c.  Sound  Deadeners  for  Partitions. — To  prevent  the  sounds  from  passing 
through  the  building  by  the  full  contact  of  the  partitions  with  the  floor  construction,  metal 
saddles  with  felt  cushions  are  made  to  carry  the  partitions.  In  the  case  of  wood  partitions  the 
bottom  plate  rests  in  the  cradle,  but  with  tile  partitions  a  wood  buck  is  first  laid  to  receive  the 
tile. 

204(/.  Wall  Board  Partitions. — Wall  board  for  partition  work  is  a  built-up  wood 
fiber,  bonded  together  with  a  moisture-resisting  cement.  It  is  approximately  ^ie  in.  thick, 
32  and  48  in.  in  width  and  comes  in  lengths  Irom  6  to  12  ft.  It  can  be  painted  or  treated  with 
calcimine,  but  it  cannot  be  papered. 

204e.  Plaster  Board. — Plaster  board  is  a  fire  resisting  material,  composed  of 
alternate  layers  of  calcined  gypsum  and  fibrous  felts.  It  is  nailed  direct  to  the  stud  and  plast- 
ered over.  It  comes  in  3^,  %,  and  }4  in.  thickness  and  in  sheets  32  X  36  in.  It  can  also  be 
used  in  constructing  2-in.  solid  plaster  partitions  in  place  of  metal  lath. 

204/.  Lith  Partitions. — A  thin  sound-proof  partition  can  be  made  of  2  X  4-in. 
wood  studding,  set  sideways,  and  the  space  between  built  up  with  lith.  On  each  side  of  this 
core,  the  metal  lath  and  plaster  are  applied.  Lith  board  is  made  18  in.  wide  and  48  in.  long. 
It  contains  80  %  of  rock  wool  and  20  %  of  flax  fibers,  two  materials  of  high  insulating  value. 

205.  Partitions  in  Cold  Storage  Buildings. — The  essential  thing  to  be  considered  in  the 
construction  of  partitions  in  cold  storage  buildings  is  insulation.  The  construction  is,  therefore, 
usually  determined  by  the  amount  of  insulation  required. 


Fig.  33.5. — 2  X  4-in.  stud  partition 
with  cork  filler. 


Fig. 


336. — Double  cork  board 
partition. 


Fig.  337.- 


-Tile  and  cork  board 
partition. 


Fig.  335  shows  a  partitior  constructed  of  2  X  4-in.  wood  studs  set  flat,  the  space  from  stud 
to  stud  being  filled  with  2-in.  cork  boards.  Both  sides  of  this  core  are  lathed  with  galvanized 
wire  lath,  and  plastered.  If  the  plastering  is  not  desired,  matched  and  dressed  boards  can  be 
used;  in  which  case  a  waterproof  paper  should  be  used  between  the  cork  and  the  boards.  The 
cork  boards  should  also  have  an  asphalt  joint  at  each  stud  to  prevent  the  passage  of  air.  Fig. 
336  shows  a  double  cork-board  partition,  the  boards  cemented  together  with  cement  mortar. 
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The  sides  of  this  partition  are  also  lathed  and  plastered.  In  cheaper  types  of  construction  the 
metal  lath  is  omitted  and  the  plastering  is  applied  direct  on  the  cork.  These  partitions  can  be 
greeted  to  a  height  of  12  to  14  ft. 

When  tile  is  used  for  partitions,  it  is  customary  to 
piaster  one  side  and  on  the  other  side  to  use  a  cement 
mortar  to  hold  the  cork  boards.  Over  the  cork  another 
?oat  of  plaster  is  applied.  Often  it  is  necessary  to  use 
wo  layers  of  2-in.  cork,  as  shown  in  Fig.  337.  This 
lartition  is  recommended  when  fireproof  construction 
8  required.  Portland  cement  mortar  should  be  used  to 
lold  the  cork  to  the  tile. 

In  the  erection  of  partitions  in  cold  storage  build- 
ngs  that  are  to  receive  salt  meats,  care  must  be  taken 
,o  use  as  little  iron  as  possible,  as  the  salt  will  soon  rust 
»nd  eat  it  away.  Copper  nails,  anchors,  etc.,  and  bronze 
)r  brass  hardware  should  be  used  for  this  kind  of  work. 

206.  Partition  Finishes. — The  most  com- 
iion  and  satisfactory  finish  for  partitions  is 
plaster  finished  with  either  two  or  three  coats, 
IS  the  case  may  require.  Patent  paster  is  now 
in  general  use  and  instructions  for  applying  this 
ire  given  by  all  manufacturers. 

For  wainscot  work  in  public  halls,  corridors,  and  toilet  rooms,  no  better  material  can  be  secured  than  marble, 
Vi  in.  thick.  Marble  should  be  set  with  fine  plaster  of  Paris  joints  and  securely  anchored  into  the  partitions 
(rith  metal  anchors.     For  wainscot  in  kitchens,  bath  rooms,  etc.,  a  white  glazed  tile  is  used  a  great  deal.     These 


Section  A-A 


tieva+ion  B-B 


Fig.   339. — Details  of  marble  and  slate  toilet  stall  partitions. 
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Section  A-A 
Fig.  340. — Details  of  wood  panel  toilet  room  stall  partition. 


Elevo+ion   D-B 


ile  are  rectangular  in  shape.  Special  shapers  for  caps,  corners,  angles,  and  cove  base  are  made  for  this  work. 
fV  more  economical  material  for  wainscot  to  take  the  place  of  tile  is  Keene's  cement.  This  cement  can  be  jointed 
md  painted  with  an  enamel  finish  so  as  to  produce  a  very  serviceable  surface.  In  places  that  require  the  walls  to 
36  scrubbed,  an  elastic  sanitary  composition  similar  to  that  used  for  floors  is  often  used.  As  this  material  does 
aot  require  paint,  it  can  be  cleaned  with  a  scrub  brush  and  washing  powder. 
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207.  Toilet  Room  Partitions. — The  main  consideration  in  the  construction  of  toilet  room 
partitions  is  to  secure  a  serviceable  material  and  so  to  design  the  partitions  as  to  make  them  as 
sanitary  as  possible.  For  this  purpose,  marble,  slate,  vitrolite,  and  other  artificial  products  are 
used. 

In  the  construction  of  partitions  made  of  artificial  products,  the  manufacturers  of  same 
usually  have  standard  details  showing  methods  of  construction  which  they  have  found  most 
adaptable  to  their  materials. 

In  the  construction  of  marble  and  slate  toilet  room  par- 
titions, the  front  stiles  (1^^  in.  thick)  should  extend  to  the 
floor  and  have  a  cove  base,  so  as  to  make  the  corners  easy 
to  clean.  The  dividing  partitions  should  be  set  10  or  12  in. 
above  the  floor  and  should  not  be  so  high  as  the  front  or 
back.  The  backs  for  water  closet  stalls  should  be  set  away 
from  the  wall  so  as  to  allow  ample  pipe  space  and  should 
extend  up  at  least  7  ft.  6  in.,  so  as  to  conceal  the  flush  tanks 
(see  Fig.  338) .  Over  the  pipe  space  should  be  set  a  removable 
shelf  %  in.  thick,  so  that  the  space  can  be  closed  up  and  kept 
clean.  The  marble  and  slate  for  partitions  should  be  held 
together  with  dowels  so  as  to  avoid  as  much  metal  work  as 
possible.  In  certain  classes  of  industrial  work,  the  front 
•t?tioffo^^oikAoom  stalls.'^  doors  and  stiles  are  omitted  and  the  dividing  partitions  are 
made  very  low  so  as  to  give  the  attendant  complete  super- 
vision of  the  room.  In  a  detail  of  this  kind,  pipe  standards  are  necessary  as  a  framework  to 
hold  the  marble  or  slate  together.  Wood-paneled  partitions  made  of  oak  or  birch,  and 
varnished,  make  a  good  partition  for  less  expensive  grades  of  buildings.  Where  wood  is 
used   for  partition    work,    tlie  backs  should  be  set  on  a  hollow-tile  base — the  hollow  tile 
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Fia.   342. — Details  of  metal  toilet  room  stall  partition. 

to  form  a  back  for  the  sanitary  cove  base.  Partitions  made  of  sheet  steel  are  also  used  a  great 
deal  for  factories.  This  type  of  partition  should  be  carefully  painted  or  enameled  before  it  is 
erected  so  that  it  will  not  rust.  The  cheapest  partition  for  toilet  room  stalls  is  the  2  by  4-in. 
stud  partition  filled  with  matched  and  beaded  ceiling.  Details  of  toilet  room  partitions  are 
given  in  Figs.  338  to  342  inclusive. 

CORNICES  AND  PARAPET  WALLS 
By  Frederick  Johnck 

208,  Cornices. — After  the  main  walls  of  a  building  are  erected,  about  the  first  item  that 
receives  the  finished  treatment  is  the  cornice.  The  details  given  here  are  not  so  much  to  illus- 
trate architectural  design  as  to  show  the  construction  features  of  the  various  tj^pes  of  cornices 
and  the  manner  of  providing  supports  for  the  material  used. 

Fig.  343  illustrates  an  ordinary  wood  box  cornice  and  the  manner  in  which  this  type  is 
constructed.     The  rafters  are  continued  out  over  the  building  and  lookouts  are  nailed  to  these 
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30  as  to  form  nailing  pieces  to  carry  the  wood  soffits.  In  this  type  of  work  the  sheet  metal 
lining  is  carried  up  under  the  shingles  as  shown  on  the  drawing. 

In  Fig.  344  is  shown  another  form  of  wood  cornice  with  a  sheet  metal  hanging  gutter.  In 
this  case  the  wood  lookouts  are  cut  in  some  ornamental  form  and  nailed  to  the  side  of  the  roof 
rafters.  The  hanging  gutter  has  the  advantage  over  the  box  type  in  that  it  can  be  more  easily 
replaced  when  it  is  rusted  out. 

Figs.  345  and  346  illustrate  wood  cornices  on  masonry  walls.  The  rafters  rest  on  and  are 
lailed  to  a  wood  plate  which  is  firmly  anchored  into  the  wall.     Wood  lookouts  are  built  into 
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Cbim  5pout_ 
Fia.  343. — Wood  cornice  detail. 


ffTn^ng 


Fig.  344. — Wood  cornice  with 
hanging  gutter. 


Fig.  345. — Detail  of  wood  cornice 
with  standing  gutter  on  roof.  (Cornice 
on  residence  at  Roxborough,  Pa.) 


the  masonry  and  secured  to  the  end  of  the  rafters  to  form  nailing  blocks  for  the  wood  soffit. 
In  Fig.  345  is  shown  a  standing  gutter,  a  type  of  gutter  used  a  great  deal  in  early  colonial  work. 
Nailing  blocks  should  be  built  into  the  masonry  so  that  the  lower  sections  of  the  cornice  or 
Freeze  can  be  properly  secured  in  place.  Wood  for  cornices  should  be  white  pine  or  cypress, 
md  should  be  carefully  painted  with  a  priming  coat  as  soon  as  the  wood  work  is  in  place. 

When  it  is  not  possible  to  afford  a  stone  or  terra  cotta  cornice,  a  sheet  metal  one  is  often 
used  as  illustrated  in  Fig,  347.     These  cornices  are  supported  on  wood  lookouts  built  into  the 

masonry.  The  top  and  end  of  the  lookouts  are  sheathed 
as  shown  in  the  illustration  to  form  a  straight  edge  and  also 
to  secure  proper  nailing  surface  for  the  sheet  metal.  Addi- 
tional reinforcements  back  of  the  moldings  are  sometimes 
necessary;  these  are  made  with  galvanized  or  wrought  iron 
strips  as  the  case  may  require. 


Fig.  346. — Detail  of  wood  cornice  on 
brick  wall.  (Cornice  on  Independence 
Hall,   Philadelphia,   Pa.) 


.  Section  Elevation 

FiG.  347. — Details  of  sheet  metal  cornice. 


Fig.  348  is  an  illustration  of  a  terra  cotta  cornice  used  on  reinforced  concrete  buildings  and  shows  the  means 
1*  )f  anchorage  of  the  terra  cotta  to  the  masonry  and  the  lintel  over  the  window  to  the  shelf  angle  bolted  into  the  con- 
;rete  work.     In  terra  cotta  cornice  work  the  brick  should  be  built  into  the  voids  of  the  blocks  (see  details). 

In  Fig.  349  is  shown  a  stone  cornice  and  the  manner  in  which  the  various  blocks  are  secured  in  place  by  gal- 
vanized wrought-iron  anchors.  The  back  of  all  stone  work  should  be  painted  to  within  1  in.  of  the  exposed  edge 
vith  black  waterproof  paint  to  prevent  moisture  from  the  wall  entering  and  discoloring  the  stone  work. 

ese 
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When  a  terra  cotta  cornice  has  a  greater  projection  than  can  be  properly  balanced  on  the  wall,  it  should  bi 
carried  by  means  of  steel  brackets  or  lookouts  properly  anchored  into  the  masonry,  as  shown  in  Fig.  350.  ThL 
figure  also  illustrates  the  method  of  securing  terra  cotta  balusters  in  place.  In  the  use  of  terra  cotta  for  cornires 
care  must  be  taken  in  detailing  the  top  joint  so  that  the  water  will  not  enter  the  joint  and  freeze,  causing  the  terri 
cotta  to  break. 

A/C 


p/aced  /n  t  GUgs 
c/h/fiK/  ^n.  ugh 
fhrms.  ber.  f  tnM 
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Fig.  348.— Terra  cotta  cornice  on 
reinforced  concrete  building. 


Fig.  349. 


Fig.  350. 


Flex-Lock  Ffashrng 
Fig.  351. 


Flashing  Slock 
Fig.  352. 


Haggle  Block 
Fig.  353. 


Metal  Floshing 
Fig.   354. 


209.  Parapet  Walls. — The  main  points  to  be  considered  in  the  treatment  of  parapet  walk 
are  (1)  the  top  finish  or  coping,  (2)  the  treatment  on  roof  side,  and  (3)  the  flashing.  Fig.  351 
shows  a  simple  brick  parapet  wall  with  a  brick  coping  and  a  metal  strip  for  flashing.  The  brick 
for  coping  should  be  a  hard  vitrified  brick  and  be  laid  in  a  full  cement  mortar  joint.  The  meta. 
strip,  used  for  flashing  just  above  the  roof  line,  consists  of  a  roofing-felt  strip  folded  into  a  metal 
board  and  set  into  the  brick  joint.     These  metal  strips  are  also  secured  into  the  brick  work  \\  itb 
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ilvanized  bent  hooks.     The  roofing  is  brought  up  under  the  roofing  strip  the  same  as  under  a 
gular  cap  flashing. 

Fig.  352  illustrates  a  parapet  wall  with  a  stone  coping  and  a  raggle  or  flashing  block  above 
le  roof  to  receive  the  flashing.  The  stone  coping  extends  over  the  brick  wall  and  is  cut  with 
drip  on  the  inside  and  outside.  The  flashing  or  raggle  block  is  a  hard 
Lirned  clay  block  with  a  slot  to  receive  the  cap  flashing,  as  illustrated, 
his  detail  also  shows  a  splay  block  at  the  roof  line  so  as  to  prevent  the 
larp  turn  of  the  roofing  in  the  corner. 

In  Fig.  353  is  shown  a  parapet  wall  with  a  salt  glaze  tile  coping,  and 
other  form  of  raggle  or  flashing  block.     The  tile  coping  is  made  with  a 
ub  so  as  to  form  a  lap  joint. 

Fig.  354  illustrates  a  terra  cotta  coping  for  parapet  walls  and  the 
dinary  cap  flashing  over  the  roofing.  Cap  flashing  should  be  carefully 
ainted  on  both  sides  before  it  is  put  in  place. 


Const  jotnf 
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Fig.  355. 


For  the  treatment  of  parapet  walls  on  the  roof  side  the  best  system  is  the  use  of  vitrified 
rick,  as  common  brick  often  disintegrates  due  to  the  moisture  from  snow  being  banked 
sainst  it  in  winter.  Parapet  walls  are  also  often  treated  on  the  roof  side  with  a  coat 
■  asphaltum  when  the  roof  is  laid.  If  this  is  done,  they  should  receive  a  new  coat  every 
yr.  or  so. 

Concrete  is  also  used  for  parapet  wall  construction  in  factory  work.  They  may  be  constructed  of  8  in.  of  re- 
forced  concrete,  or  of  12  in.  of  plain  concrete.  For  the  proper  flashing  of  concrete  parapet  walls  the  detail  shown 
1  Fig.  355  has  proven  satisfactory.  A  2  X  4-in.  piece  of  lumber  is  ripped  on  the  diagonal  and  then  placed  in  the 
)rms  at  the  desired  height,  the  upper  strip  being  securely  nailed  thereto,  so  as  to  insure  its  removal  when  the 
)rms  are  taken  down.  The  lower  piece  is  just  tacked  to  forms  {from  outside)  with  wire  nails  driven  into  it  to  an- 
hor  it  to  the  concrete.     The  flashing  and  counterflashing  are  then  placed  in  the  same  manner  as  for  brick  walls. 
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Section  Through  Sill 

^G.  356. — Detail  of  box  frame  window 
for  frame  walls. 


WINDOWS 
By  Frederick  Johnck 

210.  Wood  Windows. — In  Fig.  356  is  illustrated  a  box 
frame  for  double  hung  sash  to  be  used  in  frame  buildings. 
The  depth  of  the  wall  studs  determines  the  width  of  the  box. 
In  this  detail  the  exterior  wall  surface  is  shown  as  siding ;  if 
plaster  is  used  it  may  be  necessary  to  increase  the  width  of 
the  trim  to  receive  the  furring,  lath,  and  plaster.  In  the 
construction  of  double  hung  windows,  the  pulley  stile  should 
be  made  of  straight  grained  yellow  pine,  and  the  other  parts 
of  the  frame  of  wliite  pine  or  cypress.  The  sash  vary  in 
thickness  from  l^s  to  1^^  in.  depending  on  the  width  of  the 
window  and  the  glass  used  in  glazing.  If  plate  glass  is  used, 
it  is  better  to  have  the  l?^-in.  thickness  in  the  sash  to 
carry  the  weight.  The  exterior  trim  over  the  top  of  the 
window  should  be  flashed  with  metal  flashing  extending  up 
under  the  siding  as  illustrated.  At  the  bottom,  the  sill 
should  be  undercut  to  receive  the  siding  or  exterior  covering 
so  as  to  form  a  tight  joint. 

211.  Casement  Windows  in  Frame  Walls. — In  Fig.  357 
is  illustrated  a  detail  of  casement  window  with  the  sash 
arranged  to  swing  out.  When  this  detail  is  used  the  screens 
must  be  placed  on  the  inside  and  the  sash  operated  with 
hardware  so  designed  that  the  sash  can  be  opened  without 
opening  the  screens.  This  detail  also  shows  the  inside  of 
the  jamb  veneered  to  match  the  trim  of  the  room.  In 
Fig.   357  is  also  shown  a  sash  detailed  to  swing  in.     This 
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permits  the  screen  to  be  placed  on  the  outside,  but  requires  the  curtains  to  be  secured  direct) 
to  the  sash  instead  of  the  trim  as  is  the  usual  way.  In  detailing  the  sash  for  casement  w  indow 
it  is  better  to  set  the  glass  in  wood  stops  so  that  the  glass  will  not  shake  out  if  the  wind  shoul 
slam  the  window  shut. 

212.  Basement  Windows  in  Masonry  Walls. — This  type  of  frame  is  often  called  a  plan 
frame,  and  is  perhaps  the  simplest  type  used  in  building  construction.  The  jamb  is  made  < 
l^^in.  thick  lumber,  and  the  sash  1%  or  1%  in.  as  may  be  required.  The  usual  method  t 
operate  these  sash  is  to  hinge  them  at  the  top  to  swing  in  (see  Fig.  358). 


Slide  dorm 
\ -Steel mufini 


Fia.  358. — Jamb  of  basement 
window  in  brick  wall. 


Secf  ion  Through  SiH 


FiQ.   359. — Details  of  box  frame  windows 
in  masonry  walls. 


Rvoted  Section  "^pe 


Fig.   360.— Details  of  steel 
windows. 


213.  Box  Frames  in  Masonry  Walls. — This  frame  differs  in  construction  from  the  bo: 
frame  in  frame  walls  in  that  it  is  a  complete  unit  set  into  a  masonry  wall  and  built  in  as  the  wal 
is  constructed.  These  frames  should  be  carefully  calked  with  oakum  so  as  to  make  a  good  air- 
tight job.  A  water  bar  is  used  in  the  sill  so  that  the  rain  will  not  drive  in.  This  water  ba; 
should  be  cemented  into  the  raggle  of  the  stone  or  terra  cotta  sill.  On  the  inside  it  is  necessarj 
to  block  out  the  frame  to  the  full  thickness  of  the  wall  so  as  to  form  a  nailing  support  for  tht 
trim  (see  Fig.  359). 

214.  Steel  Windows. — Windows  made  of  rolled  steel  sections  have  come  into  great  use  fo) 
factory  and  warehouse  work.  Ai?  the  sash  sections  are  very  small,  these  window-s  permit  th( 
maximum  amount  of  light  to  pass  through.  They  are  made  in  the  counterbalanced  verticalh 
gliding  types,  permitting  50%  ventilation;  in  the  triple  sash,  permitting  66%  ventilation;  anc 
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1  the  pivoted  type  which  is  the  most  common.  The  question  of  being  able  to  wash  the  sash 
n  the  outside  should  be  given  great  consideration  in  the  selection  of  the  type  to  be  used.  It  is 
Iso  well  to  use  the  glass  in  as  large  a  section  as  possible  so  as  to  reduce  the  labor  of  washing 
he  windows.  When  it  is  required  to  use  wire  glass  in  steel  sash  in  walls  exposed  to  fire  risks, 
he  glass  should   be  set  in  special  approved   glazing  angles  as  required  by  the  Insurance 

Jnderwriters. 

215.  Hollow  Metal  Windows.— Hollow  metal  windows  are  used  to  secure  proper  fire  pro- 
ection  on  alley  or  lot  line  walls  (see  Fig.  361).     They  are  made  of  22  and  24-gage  galvanized 
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Fio.  361. — Details  of  hollow  metal  windows. 


iron,  or  of  20  oz.  copper,  and  glazed  with  wire  glass.  The  glass  rabbets  should  be  K  in.  deep. 
The  frame  and  the  sash  should  be  made  with  as  few  parts  as  possible,  and  should  comply  with 
all  the  rules  of  the  Insurance  Underwriters.  When  mulUons  are  required,  they  can  be  made 
with  a  5-in.  I-beam  enclosed  with  at  least  2  in.  of  concrete  or  other  fireproof  material.  These 
I-beams  should  be  securely  fastened  into  the  masonry  at  the  top  and  bottom,  but  proper  allow- 
ance should  be  made  for  expansion  and  contraction  when  heated.  Hollow  metal  windows  are 
made  double  hung,  both  sash  pivoted  at  sides,  and  top  sash  pivoted  and  bottom  sash  fixed. 
Fig.  361  shows  the  method  for  trimming  hollow  metal  windows  on  the  inside  of  the  wall. 
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DOORS 

By  Frederick  Johnck 

216.  Doors  in  Residences. — For  residence  work  certain  types  and  sizes  of  doors  havt 
come  into  general  use.  Fig.  362  shows  the  general  arrangement  of  panels  now  in  common  use 
Doors  for  residences  are  made  1%  and  1^^  in.  thick  for  interior  work  and  2  and  2^^  in.  thick  foi 
entrance  doors  (see  Fig.  363).  Entrance  doors  are  usually  made  3  ft.  wide  so  that  furniture  cat 
be  taken  in.  Bedroom  doors  can  be  2  ft.  8  in.  wide  and  closet  doors  2  ft.  2  in.  \^'ide.  For  batl 
rooms  it  is  customary  to  make  doors  2  ft.  6  in.  wide.  These  doors  are  made  6  ft.  8  in.  to  7  ft 
in  height  depending  on  the  height  of  the  ceiling  in  the  room.  In  bed  room  closets,  a  full  lengtl: 
mirror  is  sometimes  used.  These  mirrors  should  be  set  so  that  a  small  space  is  allowed  betweer 
the  mirror  and  the  wood  back.  Interior  doors  generally  should  be  of  the  veneer  type,  whilt 
outside  doors  are  better  if  made  of  solid  wood  as  the  moisture  has  a  tendency  to  raise  the  veneer 


Five  Panels    Four  VerHcal  Panels 
Fig.  362. — Various  types  of  doors  for  residence  work. 


Fig.  363. — Door  and  frame  detail  for  exterior  brick  walls.' 


Fig.  364. — Single  astragal. 


Fig.  365. — Double  astragal. 


The  veneer  for  inside  doors  is  glued  to  a  built-up  core  or  over  a  two  or  three-ply  material 
for  panels.  If  double  or  French  doors  are  used,  a  single,  or  double  astragal  is  very  necessary 
to  form  a  tight  joint  (see  Figs.  364  and  365).  Fig.  366  shows  the  detail  of  a  door  and  trim 
for  wood  and  plaster  partitions.  The  studs  are  double  and  the  finished  jamb  is  set  away  from 
the  stud  so  as  to  have  room  to  wedge  the  door  up  plumb.  This  detail  shows  a  two-piece  trim ; 
the  molded  section  is  called  the  back  band.  In  order  to  have  the  doors  swing  so  as  to  clear 
the  carpets  or  rugs,  a  threshold  is  used,  as  shown  in  Fig.  367. 

217.  Office  Building  Doors. — ^Wood  doors  for  office  buildings  may  be  divided  into  two 
general  types^communicating  doors  and  corridor  doors  (see  Fig.  368).  They  are  made  with 
either  single  or  double  panels.  The  two-panel  type  is  perhaps  the  most  common  and  ser- 
viceable. Both  panels  in  communicating  doors  between  offices  are  made  of  wood.  These  doors 
are  usually  3  ft.  wide  and  7  ft.  high.  Corridor  doors  are  made  4  in.  wider  to  permit  large  desks 
and  other  pieces  of  furniture  to  be  taken  into  the  room.  The  upper  panel  in  corridor  doors 
should  be  of  maze  glass  so  that  the  corridor  will  have  the  proper  amount  of  daylight.  Tran- 
oms  are  also  used  over  these  doors  so  that  the  office  can  be  ventilated. 

Very  often  in  office  building  work,  the  doors  are  made  with  split  jambs,  as  shown  in  Fig. 
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>69.     This  permits  the  trim  to  be  secured  to  the  jamb  and  the  door  to  be  fitted  in  the  factory 
o  as  not  to  cause  any  delay  at  the  building. 

218.  Hospital  and  Hotel  Doors. — Hospital  and  hotel  doors  are  often  made  flush  panel, 
vith  a  line  of  inlay  of  some  other  kind  of  wood  to  make  them  more  attractive  (see  Fig.  370). 
The  flush  panel  makes  a  very  sanitary  door  for  such  work,  as  there  are  no  moldings  to  catch 
he  dust  and  dirt.     These  doors  are  made  1^  in.  thick  the  same  as  for  doors  in  office  buildings. 
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p/asfer 


Panel 

Grouna 
Fig.  366. — Door  detail  for  wood  and  plaster  partition. 
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Fig.  367.— Sill  section. 


219.  Refrigerator  Doors  in  Cold  Storage  Buildings. — Refrigerator  doors  for  cold  storage 
buildings  are  made  of  wood  and  insulated  either  with  cork  or  lith  (see  Fig.  371).  The  wood 
rame  or  buck  is  first  erected  similar  to  that  used  for  ordinary  doors  in  office  buildings.  The 
amb  is  so  detailed  as  to  form  a  continuous  air  space  entirely  around  the  door.  This  is  usually 
ione  with  a  felt  filler  which  forms  two  seals  of  contact  between  the  door  and  frame.  At  the 
jottom  of  the  door  another  piece  of  felt  is  used  which  fits  against  the  cement  or  wood  sill  as  the 
!ase  may  be.     The  frame  for  these  doors  should  be  very  carefully  anchored  into  the  wall  so  as  to 
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Fig.  369. — Plan  of  door  in  tile  partition  showing 
split  jamb. 
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Section  Through  Door 
Fig.  368. — Detail  of  doors  for  office  buildings. 


Fig.  370. — Flush  panel  door  for  hotels  and  hospitals. 


properly  carry  the  weight  of  the  door.     On  account  of  the  salt  air,  in  meat  storage  buildings  it 
is  well  to  use  only  bronze,  brass,  or  white  metal  hardware  so  as  not  to  have  trouble  with  rust. 

220.  Cross  Horizontal  Folding  Doors. — For  shipping  room  doors  the  cross  horizontal 
folding  type  has  proven  very  satisfactory.  Doors  of  this  type  are  made  of  wood,  sheet  steel, 
or  corrugated  steel  and  are  hinged  above  the  center  line  so  as  to  fold  up  like  a  jack  knife  (see 
Fig.  372).  They  can  be  operated  with  a  lift  on  the  bottom  rail  or  by  means  of  a  chain,  and  also 
by  a  chain  gear  if  they  are  very  large.     The  doors  are  counterbalanced  with  iron  weights  which 
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slide  up  and  down  in  the  metal  weight  pocket.     If  light  is  desired,  it  is  best  to  use  wire  glass  ii 
the  upper  panels,  as  ordinary  glass  would  break  if  the  door  is  not  operated  with  care. 

221.  Steel  Doors. — ^Doors  made  of  plate  steel  reinforced  with  angles  (see  Fig.  373)  an 
used  a  great  deal  for  boiler  rooms,  coal  storage  rooms,  pent  houses,  and  for  stair  doors  in  factor 
and  warehouse  construction.  The  thickness  of  the  plate  varies  in  order  to  comply  with  thi 
Underwriters',  union  trade  conditions,  and  city  ordinances.  For  certain  openings,  doo 
checks  to  close  the  doors  are  required  to  reduce  fire  risks.     Doors  of  a  similar  character  for  thi; 

purpose  are  also  made  of  corrugated  sheets  of  stee 
with  non-combustible  materials  between. 


^A/r  space 


Plasfer-- 


Cork- 


'Wood  buck 


For  large  openings,  doors  of  this  type  are  also  made  t" 
slide  on  gravity  tracks,  and  are  used  on  both  sides  of  fir 
walls.  When  this  is  done  they  should  be  counterweighted  s< 
as  to  stand  open  and  be  equipped  with  fusible  links  so  as  to  b 
self-closing  in  case  of  fire.  In  the  use  of  steel  fire  doors,  can 
should  be  taken  to  see  that  they  comply  with  all  insurance  an< 
building  laws  of  the  locality  in  which  they  are  to  be  used 


ffefrigerctor  Door  and  Jamb  Detail 
for  Cork  Fbrfifions 


■Air  space 


Plasfen-. 


Cork 


Brick 


ffcfrigererbr  Door  and  Jamb  Detail 
fffr  Brick  Y/all  Partitions 


222.  Kalameined  Doors. — The  kalameinec 
door  (Fig.  374)  is  made  by  drawing  a  thin  shee 
of  metal  over  a  wood  core.  This  door  is  used  i 
great  deal  for  wire  shafts,  passenger  elevator  doors 
etc.  The  trim  should  also  be  Kalameined  so  bji 
to  afford  full  fire  protection.  As  these  doors  cai^ 
be  hung  by  the  carpenter,  they  are  erected  on 
wood  bucks  as  shown  in  the  illustration. 

223.  Hollow  Metal  Doors. —  Hollow  metai 
doors  (Fig.  375)  complete  with  jamb,  trim  doo 
buck,  etc.,  are  commonly  used  as  doors  to  win 
shafts,  pipe  spaces,  passenger  elevators,  etc 
These  can  be  furnished  with  shop  coat  of  paint  o 
can  be  supplied  with  a  baked  enameled  finish 
When  light  is  required,  the  glass  used  should  b« 
wire  glass  so  as  to  resist  fire.  Panels  in  thes» 
doors  are  often  made  with  ^^-in.  asbestos  board. 

224.  Freight  Elevator  Doors. — To  preven 
accidents  and  to  provide  a  door  that  could  b« 
easily  operated  by  the  man  on  the  elevator,  s 
standard  door  divided  horizontally  in  the  cente:' 
so  that  one-half  could  slide  up  and  the  other  hal 

could  go  down  has  been  adopted  (see  Fig.  376) 
The  two  best  known  doors  of  this  type  are  th« 
Meeker  and  the  Pellee.  These  doors  are  made  of  steel  sheets,  or  corrugated  iron  sheets 
reinforced  with  steel  angles  and  tees.  They  are  made  semi-automatic  which  are  closed  bj 
the  car  as  it  leaves  the  landing,  or  full  automatic  which  open  when  the  car  reaches  tht 
landing  and  closes  as  it  passes  the  landing.  In  the  semi-automatic  type  it  is  well  to  provide 
a  steel  gate  in  addition  to  the  door,  so  as  to  prevent  accidents  if  the  car  door  should  be  lefl 
open.  These  gates  should  slide  up  and  be  counterbalanced.  Doors  for  elevator  shafb 
should  bear  the  Board  of  Underwriters'  labels,  and  the  gates  should  be  approved  by  tht 
Casualty  Insurance  Companies. 

225.  Pyrona  Doors. — To  secure  a  wood  veneer  surface  over  a  fireproof  material  the  Pyrons 
Process  Company  manufactures  a  door  which  has  a  fireproof  sheathing  bonded  into  the  wood 
core  over  which  the  wood  veneer  is  applied.  This  door  gives  all  the  appearances  of  a  wood 
door  and  can  be  hung  by  the  carpenter.  It  is  used  for  wire  and  pipe  shafts  in  residences  and 
apartment  buildings.  The  trim  for  these  doors  can  be  treated  in  the  same  manner  as  the  door 
Fig.  377  shows  a  pyrona  door  detail  complete  with  trim,  etc. 


Section  Through  Sil/  for  Refrigerator  Door 


Fia.  371. 


-Details  of  refrigerator  doors  in  cold 
storage  buildings. 
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226.  Metal  Clad  Doors. — The  metal  clad  door  for  use  in  fire  walls  is  a  wood  flush  panel 
oor  covered  with  sheet  metal.  It  is  a  cheaper  door  than  a  steel  one  but  will  not  stand  the 
lard  usage  from  trucks,  etc.,  running  into  them.  The  wood  also  has  a  tendency  to  dry  rot 
lue  to  the  lack  of  ventilation. 


Elevation 


Sec+ion 


Plan 
Pig.  372. — Details  of  cross  horizontal  folding  doors  for  shipping  platforms. 
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Fig.   374. — Kalameined  door. 


t-Benf- she/ jamb 
'^-/^a/sMp 


,■■■  ^checkerrd  sfee/  plafe 


anchored  fo  f/oor 
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Fia.  373. — Details  for  steel  doors  for  boiler  room,  coal 
rooms,  and  warehouse  stair  shafts. 


'■Ffeinforcemerrt  for  buft% 
■  Hol/orf  me  fa/  frim 

Fig.  375. — Hollow  metal  door. 


227.  Alignum  Fireproof  Doors.— Alignum  is  manufactured  in  slab  form  from  fireproof 
mmeral  components,  amalgamated  under  hydraulic  pressure.  It  is  worked  the  same  as  wood 
and  can  be  finished  with  practically  the  same  materials.  The  slab  can  be  reinforced  with  wire 
mesh  for  extra  strength  and  then  secured  to  both  sides  of  vertical  ribs  which  make  a  hollow 
fireproof  door.  This  product  is  manufactured  by  the  Alignum  Fireproof  Products  Company, 
Inc. 

228.  Revolving  Doors.— For  store  purposes  and  entrances  to  public  and  semi-public 
buildmgs,  the  revolving  door  is  very  efficient.     These  doors  are  made  with  three  or  four  wings 
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and  should  be  provided  with  automatic  releasing  fire  exit  devices  so  that  they  can  collapse  am 
give  a  full  width  door  opening  in  case  of  fire.  This  type  of  door  complete  with  vestibule  wil 
permit  people  to  enter  freely  and  yet  allow  a  minimum  amount  of  cold  air  to  come  in  during  thi 
winter  months. 


■r- 


-P/as^r 


^Veneer 

^Fireprccf  sheofhlng 
■tfboe/core 


rfood  tnold 


Fig.  376. — Freight  elevator  door. 


Fig.  377. — Pyrono  process  door  and  trim. 


STAIRS 

By  Corydon  T.  Purdy 

229.  Definitions. — Stairs  are  variously  classified.  A  newel  stair  is  one  in  which  the  staii 
rail  or  balustrade  is  constructed  with  newel  posts  at  its  angles,  or  turning  points,  while  a  geo- 
metrical stair  is  one  in  which  the  newel  posts  are  not  used  in  mak- 
ing turns.  It  follows  that  newel  stairs  are  in  straight  runs,  ordinarily 
broken  by  landings  between  floors,  and  that  the  geometrical  stairs 
are  curved  and  continuous. 

Judged  by  their  horizontal  lines, 
stairs  are  straight,  quarter-turn,  or  half- 
turn,  and  geometrical  stairs  are  more 
commonly  termed  curved  stairs,  circular 
stairs,  elliptical  stairs,  winding  stairs,  or 
spiral  stairs,  as  the  case  may  be. 

Most  stairs  are  constructed  with  an 
opening  in  the  floor  larger  than  the  stairs, 
so  that  there  is  an  open  vertical  space 
from  floor  to  floor.  A  newel  stair  returning  on  itself  without  such  an  open  space — that  is,  with 
the  balustrade  of  one  flight  in  the  same  vertical  plane  with  that  immediately  above  or  below — 
is  called  a  dog-legged  stair. 

In  dwelling  houses  the  front  stairs  are  the  ones  made  to  be  seen  and  generally  used,  and  the 
back  stairs  are  made  for  domestic  use  and  ordinarily  out  of  sight. 

Stairs  are  open  or  closed  when  they  are  open  or  enclosed  by  walls. 


Fig.  378. 


Hatfh^-n  open  nene/ Starr 


Fig.  379. 
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A  tread  is  the  horizontal  part  of  a  step. 
A  riser  is  the  vertical  part  of  a  step. 
A  step  is  the  combination  of  a  tread  and  a  riser. 

A  winder  is  a  step  in  which  one  end  of  the  tread  is  wider  than  the  other.  ,  .     .,      .        , 

A  stair  may  be  a  step,  a  series  of  steps,  or  a  continuity  of  steps  from  floor  to  floor,  or  the  word  m  its  singular 
,rm  may  apply  to  all  the  stairs  in  one  continuous  stairway.     In  many  ways,  the  singular  and  plural  form  of  the 

rord  can  be  used  interchangeably.  ,     ,     ,  .  ,.  *■   „  u  ;= 

A  fli'jht  of  stairs,  technically,  is  a  continuous  series  of  steps  without  a  break,  but  m  ordinary  conversation  it  is 
cnerally  taken  to  mean  the  entire  height  of  stair  from  one  floor  to  the  next,  including  landings 

A  stair  case  is  an  expression  that  properly  applies  to  the  whole  stair  construction,  including  the  place  it  occupies 
nd  its  enclosing  walls.     In  common  usage,  it  is  almost  synonymous  with  the  word     stairs    .  but  improperly  so. 

The  run  of  a  flight  of  stairs  is  its  horizontal  length. 

The  rise  of  a  flight  of  stairs  is  its  vertical  height. 

The  pitch  of  a  flight  of  stairs  is  the  angle  of  its  ascent. 

A  landing  is  a  platform  in  the  stairs  between  floors. 

The  nosing  of  a  tread  is  the  projection  of  the  tread  in  front  of  the  riser. 


,f^;^^^ 


Fig.  380. — Flight  of  stairs. 


Fig.  381. — Step  in  wood  stair 
It  may  support  the  stairs,  or  it  may  only  appear 


A  stringer  is  a  longitudinal  member  of  the  stair  construction. 
to  do  so. 

A  wall  stringer  is  the  one  that  adjoins  the  wall. 

A  front  stringer  is  the  one  on  the  open  side  of  the  stairway. 

A  baluster  is  a  small  column  or  post  supporting  a  rail. 

A  balustrade  is  a  scries  of  balusters  joined  by  a  rail  to  form  an  enclosure.  This  word  properly  applies  to  mas- 
sive work  in  stone  or  its  imitation,  but  now  it  is  much  used  by  architects  for  the  lighter  work  in  wood  and  iron 
employed  in  modern  stair  construction.  >      u     •      ■ 

A  nexvel  is  a  principal  or  more  important  post  supporting  a  hand  rail.  Newels  are  used  at  the  beginning 
and  at  the  end  of  a  balustrade,  and  also  at  turning  points  on  landings. 

230.  Risers  and  Treads.— The  importance  of  stair  construction,  the  character  of  the  work 
to  be  employed,  and  the  difficulties  involved,  vary  widely  with  different  types  of  buildings. 
There  are,  however,  a  few  things  regarding  the  design  of  stairs  that  have  general  application 
and  one  of  them  relates  to  the  risers  and  treads. 

The  height  of  risers  should  be  exactly  the  same  from  one  floor  to  the  next,  even  if  it  figures 
out  an  odd  fraction  of  an  inch  to  make  it  so,  and  there  is  no  exception  to  this  requirement. 
The  treads  should  have  a  uniform  width,  except  where  winders  are  used.  In  high  buildmgs 
where  the  heights  of  stories  vary,  the  height  of  the  riser  will  ordinarily  change  when  the  story 
height  changes.  In  such  a  case,  the  change  in  the  height  of  the  riser  should  be  made  as  little  as 
possible.  To  get  this  height  in  any  staircase,  determine  the  exact  height  of  the  story  from  fin- 
nished  floor  to  finished  floor,  and  divide  it  by  some  number  that  will  give  for  an  answer  the 
approximate  height  of  riser  desired.  The  divisor  will  be  the  number  of  steps  required,  and  at 
the  most,  two  or  three  trys  should  indicate  the  combination  that  is  most  desirable.  The  best 
practice  in  America  is  to  make  risers  in  ordinary  stairs  from  7  to  7>^  in.  high. 

The  relation  of  the  riser  to  the  tread  depends  upon  the  use  of  the  stairway.  Treads  10  in.  wide  are  most  com- 
monly required  with  7  to  7>^  in.  in  height  of  riser,  and  this  makes  a  standard  pitch  that  should  be  widely  used. 
These  proportions  make  the  most  satisfactory  stairs  in  dwelling  houses,  tenements,  apartment  houses,  hotels, 
office  buildings,  and  factories,  and  particularly  where  the  stairs  are  in  constant  use.  Such  stairs  are  easy  of  ascent 
for  ordinary  persons.  If  the  height  of  the  riser  is  reduced,  the  width  of  the  tread  should  be  increased;  and,  vice 
versa,  if  the  height  of  the  riser  is  increased,  the  width  of  the  tread  should  be  made  less.     Generally  speaking,  stairs 
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in  public  buildings  should  have  wider  treads  and  less  height  of  riser.  The  same  is  true  of  most  stairs  in  which  th 
architectural  features  are  particularly  important.  A  6J^-in.  riser  and  1 1-in.  tread  make  a  pitch  to  the  stairway  tha 
is  more  attractive  and  inviting.  The  following  is  a  rule  of  French  origin  which  fixes  the  relation  of  the  riser  to  tb 
tread:  The  sum  of  the  width  of  the  tread  and  twice  the  height  of  the  riser  equals  not  less  than  24  in.,  nor  more  tha: 
25.  Stairs  in  the  United  States  conform  generally  to  this  rule.  In  England  there  is  a  rule  that  the  product  of  th 
height  of  the  riser  in  inches  and  the  width  of  the  tread  shaU  be  66  in.,  but  it  is  not  much  in  use  in  this  countrj 
The  New  York  Building  Law  requires  the  application  of  this  English  rule;  but  fixes  the  product  at  not  less  than  7 
in.,  nor  more  than  75.  It  also  limits  the  height  of  riser  to  75^  in.  and  the  width  of  tread,  without  nosing,  to  9M  ir 
In  designing  stairs,  the  first  thing  is  always  to  determine  the  number  of  steps  and  height  of  riser,  and  the  nex 
thing  is  to  fix  the  width  of  the  tread  and  the  run  of  the  stairs.  Beyond  this  part,  the  problem  varies  with  th 
character  of  the  building  and  the  purpose  of  the  stairway. 


231.  Width  of  Stairs,  Number,  and  General  Design.— Dwellings,  both  in  the  city  and  coun 
try,  should  have  two  stairs,  the  front,  or  principal  stairs,  for  general  use,  and  a  back  stairs  fo: 
the  service  of  the  house.     The  former  should  be  at  least  3  ft.  6  in.  wide.     In  most  dwellings, 
such  stairs  are  in  constant  use,  and  they  should  have  a  standard' pitch  and  two  or  more  flights 
between  floors,  so  that  the  labor  of  passing  from  floor  to  floor  will  be  reduced  to  a  minimum 
This  consideration  is  more  important  than  any  other,  for  the  stairs  are  used  day  and  night,  bj 
old  and  young,  and  if  going  up  and  down  stairs  becomes  a  burden  anywhere,  it  is  in  the  homei 
It  is  common  practice  to  make  the  front  stairs  in  the  first  story  of  dweUings  the  attractive  featuni  - 
of  the  house.     In  the  construction  of  such  buildings,  any  expenditure  allowable  for  a  purelj  h 
architectural  feature,  is  properly  put  in  these  stairs,  and  in  many  homes  where  the  character  o: 
the  construction  will  warrant  it,  the  stair  work  is  elaborate  and  ornate.     The  old  Colonia 
staircases,  still  to  be  found  in  many  houses  of  New  England  and  Virginia,  have  served  as  s 
national  model  for  stair  work  in  dwellings.     Some  of  these  staircases  are  more  than  150  yr.  old    - 
The  symmetry  and  directness  of  their  design  is  their  chief  characteristic.     Some  of  them  arct  F 
very  ornamental  and  beautiful,  and  some  of  the  workmanship  in  their  construction  is  not  ex-d  m 
celled  in  this  generation. 

In  buildings  for  the  service  of  the  public— such  as  post  office  buildings,  capitols,  libraries  , 
and  railway  station^ — stairwaj^s  should  always  be  wide  enough  to  meet  all  requirements  of  the-i 
most  exacting  condition.  Where  practicable  they  should  be  as  wide  as  the  entrances,  passage^  - 
_ways,  and  concourses  which  they  serve.  It  is  also  equally  important  that  such  stairs  should  be  * 
constructed  with  short  flights  and  commodious  landings.  All  of  these  provisions  ser^-e  to 
prevent  overcrowding,  confusion,  and  accidents.  The  most  vmsatisfactory  and  unfortunate 
feature  of  our  Metropolitan  Subway  Railway  construction  is  the  narrow  difficult  stairways 
which  street  conditions  have  required  in  many  places. 

Schools  and  college  buildings  are  usually  classified  as  public  buildings,  but  they  have  a  differ- 
ent stair  problem.  In  such  buildings  most  of  the  travel  ebbs  and  flows  according  to  a  program, 
and  the  travelers  are  known  to  each  other  This  means  less  confusion  and  less  chance  of  acci- 
dent. The  requirements  for  stairways  in  such  buildings  can  therefore  be  made  correspondingly- 
easier  than  for  stairways  open  to  the  general  public  and  in  constant  use  both  ways. 

Theatres,  assembly  halls,  and  dance  halls  are  also  public  buildings,  but  they  have  still 
another  stair  problem,  chiefly  one  of  quick  exit.  The  width  of  the  stairs  and  number  should  be 
sufficient  to  empty  the  building  in  three  or  four  minutes  at  the  most.  Each  floor  or  balcony- 
should  have  its  own  separate  stairway,  and  in  large  theatres,  each  di\'ision  of  a  floor  or  balcony 
should  have  a  separate  exit. 

Stairs  in  high  buildings,  oflice "buildings,  and  hotels  are  not  much  used,  and  are  constructed 
to  meet  an  emergency  rather  than  for  every  day  use.  Perfected  elevatorsyst<_ms  take  the  travel; 
but  both  legal  requirement  and  good  judgment  call  for  stair^\ays  large  enough  and  in  suflicient 
numbers  to  afford  a  satisfactory  exit  for  the  entire  population  of  a  building  within  the  space  of 
a  few  minutes.  The  new  Commodore  Hotel  in  New  York,  with  its  2000  bed  rooms,  has  five 
stairways,  each  3  ft.  8  in.  wide,  and  the  Equitable  Office  Building  has  four  stairways  each  4  ft. 
2  in.  wide.  Each  stairway  is  continuous  from  the  roof  downward  through  all  typical  stories, 
and  the  same  exit  area  is  made  good  to  the  street. 

It  is  not  enough  that  these  buildings  are  absolutely  fireproof,  that  their  floors,  doors,  wind- 
ows, and  trim  are  all  made  of  metal  or  wood  that  will  not  burn.     There  is  hardly  one  chance  in  a 
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thousand  that  a  fire  would  spread  beyond  the  room  in  which  it  started  in  either  building. 
Nevertheless,  their  enormous  population  makes  the  construction  of  stairways  in  such  buildings 
mandatory,  whether  special  laws  require  it  or  not.  They  should  be  designed  as  simple  in 
.•i>iistruction  as  possible,  with  easy  flights  and  a  standard  pitch. 

If  any  stairs  in  a  hotel  are  in  general  use,  they  are  those  connecting  the  main  floors,  ordi- 
narily the  lower  floors,  where  the  same  conditions  practically  prevail  as  those  in  public  buildings. 
Ih^re  the  stairways  may  properly  be  fewer  in  number  and  wider,  with  less  than  standard  pitch, 
and  more  expensive.  Almost  the  same  conditions  occur  in  some  office  buildings,  particularly 
where  banks  or  other  rooms  of  a  public  character  are  located  on  the  second  floor.  In  both 
lu.tels  and  office  buildings,  such  stairways  are  sometimes  made  elaborate  in  architectural  design 
and  ornamentation,  but  such  an  expenditure  would  be  worse  than  wasted  in  the  upper  stories 
liarticularly  if  it  in  any  degree  lessened  their  value  as  an  exit.  Similar  conditions  prevail  in 
apartment  houses,  and  stairways  in  such  buildings  should  be  designed  on  the  same  basis  as  in 

liotels 

Mill  and  factory  buildings  present  still  another  problem,  particularly  where  they  are  not 
served  with  elevators.  In  such  buildings  the  stairs  are  used  to  their  full  limit,  both  up  and 
(h)\vn,  at  certain  hours  in  the  day,  and  it  is  this  use  of  the  stairs,  rather  than  their  need  as  a  safe 
exit  in  case  of  fire,  that  should  control  the  design.  All  such  buildings  should  have  at  least  two 
hues  of  stairways  from  roof  to  street,  and  this  rule  should  liold  regardless  of  the  size  of  the  build- 
iiiij;.  In  such  buildings  the  possibility  of  a  temporary  obstruction  of  a  stairway  is  greater  than 
in  other  buildings,  and  the  two  stairways  serve  also  to  meet  that  difficulty. 

Factory  stairs  should  be  standard  pitch,  more  commodious  than  stairs  in  office  buildings, 
and  as  simple  and  substantial  in  construction  as  possible.  Stairways  in  loft  buildings  should 
]iroperly  be  treated  the  same  as  in  factories,  for  such  buildings  are  particularly  available  for  the 
making  of  clothing  and  other  light  manufacturing.  It  is  not  sufficient  that  the  owner  of  a  loft 
building  intends  it  for  some  other  use,  for  buildings  stay,  and  owners  and  conditions  change. 


In  large  cities,  the  number  and  width  of  stairs  for  most  buildings  are  fixed  by  the  building  laws,  and  they 
must  be  known  and  followed;  but  in  some  places  building  laws  are  wanting  and  in  others  they  are  incomplete. 
In  any  case,  the  design  of  the  stairways  of  an  important  building  should  be  based  on  its  population,  whether  legal 
requirements  compel  it  or  not.  For  the  determination  of  populations  of  different  floors  of  fireproof  buildings,  the 
areas  considered  should  be  rooms  enclosed  by  walls  or  partitions  of  fireproof  materials;  and  corridors,  halls,  entrances 
and  other  areas  unusuable  for  the  purposes  of  the  building  should  not  be  included.  The  New  York  law  provides 
that  the  population  in  any  one  floor  of  a  fireproof  building  shall  be  taken  as  being  one  person  for  every  10  sq.  ft.  in 
planes  of  assembly,  every  15  sq.  ft.  in  schools  and  courthouses,  25  sq.  ft.  in  stores,  32  sq.  ft.  in  factories,  50  sq.  ft. 
in  office  buildings,  and  every  100  sq.  ft.  in  hotels.  This  is  probably  the  best  authority  obtainable  and  it  is  the  best 
practice  in  present  construction.  The  population  of  single  floor  areas  of  fireproof  buildings  of  different  types  and 
sizes  on  this  basis  is  as  follows: 


Population  per  Floor  for  the  Different  Areas  per  Indxviddal 


Usable  floor 

Public 

Schools, 

Stores 

Factories, 

Offices, 

Hotels 

areas. 

assembly. 

courthouses 

25  sq.  ft. 

work  rooms 

50  sq.  ft. 

100  sq.  ft. 

(sq.  ft.) 

10  sq.  ft. 

15  sq.  ft. 

32  sq.  ft. 

3,000 

300 

200 

120 

94 

60 

30 

4,000 

400 

266 

160 

125 

SO 

40 

5,000 

500 

333 

200 

156 

100 

50 

6,000 

GOO 

400 

240 

187 

120 

60 

7,000 

700 

280 

219 

140 

70 

8,000 

800 

320 

250 

160 

80 

9,000 

900 

281 

180 

90 

10,000 

1000 

312 

200 

100 

11,000 

220 

110 

12,000 

240 

120 

13,000 

2C0 

130 
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No  stairway  should  be  less  than  3  ft.  6  in.  wide,  nor  less  than  the  stairway  in  the  story  above.     In  general,  it  L- 
better  to  have  two  stairways  3  ft.  6  in.  wide  than  one  7  ft.  wide.     No  building  having  3000  sq.  ft.  of  usable  floor  are: 
on  one  floor  should  have  less  than  two  separate  stairways.     The  stairways  of  most  buildings  should  be  sufficien 
in  number  and  width  to  provide  standing  space  for  the  population  of  the  floor  which  they  immediately  serve,  o  I 
nearly  so,  when  occupied  to  their  full  capacity. 

In  a  building  of  ordinary  ceiling  height,  an  enclosed  stairway  3  ft.  6  in.  wide  with  one  half-turn  landing  and  i 
hallway  at  the  floor  level  of  moderate  size  will  afford  standing  space  for  45  people,  and  each  additional  6  in.  in  widtl 
of  stairway  will  afford  standing  space  for  10  additional  people.  Accordingly,  a  stairway  5  ft.  wide  will  providi 
standing  space  for  75  people,  and  one  7  ft.  wide  for  115  people.  New  York  regulations  allow  not  more  than  oni 
person  for  each  22  in.  of  stair  width,  and  l^  treads  on  the  stair  p.oper,  and  not  more  than  one  person  fo: 
each  S>2  sq.  ft.  on  landings  and  halls  within  the  stairway  space;  and  the  floor  served  can  not  be  occupied  by  men 
persons  than  this  requirement  will  permit.  The  two  methods  of  determining  the  capacity  of  stairs  give  sub 
stantially  the  same  results. 

On  the  basis  of  45  people  for  a  stairway  3  ft.  6  in.  wide  and  10  additional  people  for  each  6  in.  additional  width  ^ 
and  the  general  provisions  and  limitations,  the  number  and  widths  of  stairways  for  different  sizes  and  types  o 
buildings  may  properly  be  made  as  given  in  the  following  tabulations: 

Number  of  Stairways  and  Width  of  Each 


Usable  floor  area 
(sq.  ft.) 


Schools, 
courthouses 


Stores 


Factories, 
work  rooms 


OflSce 
buildings 


Hotels 


3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 


2-6'6' 
3-6'0' 
4-5'6' 
4-6  6'' 


2-4'6" 
2-5'6" 
2-6'6" 
3-5'6" 
3-6'0" 
3-6'6" 


2-4'0" 
2-4'6' 
2-5  0" 
3-4  6' 
3-5'0' 
4-4'6" 
4-5'0 
4-5'6' 


2-3'6" 
2-3'6" 
2-4'0" 
2-4  6" 
3-3  6" 
3-4 '0" 
3-4'6'' 
4-4'0" 
4-4  0" 
4-4 '6" 
4-4-6" 


2-3'6" 
2-3'6" 
2-3'6" 
2-3  6" 
2-3'6" 
2-3'6" 
2-3'6" 
2-4 '0" 
2-4  0" 
3-3'6' 
3-3'6" 


Practice  differs  as  regards  fixing  the  width  of  stairs  in  places  of  public  assembly,  and  is  not  so  exacting  as  fo: 
other  buildings.  The  New  York  requirements  call  for  a  stairway  4  ft.  wide  in  the  clear  between  railings  or  walL 
for  50  people,  and  allow  50  additional  people  for  every  additional  6  in.  width  of  stairway. 

This  difference  is  reasonable  for  most  places  of  public  assembly  are  designed  so  that  the  stairways  serve  only  on< 
level,  or,  at  the  most,  only  two  levels;  whereas  the  stairways  of  the  other  types  of  buildings  serve  many  levels,  anc 
if  their  stairways  are  not  sufficient  to  accommodate  the  entire  population  of  the  building  at  one  time,  or  nearly  so 
in  case  of  great  emergency,  disaster  would  be  certain. 

Where  sprinkler  systems  are  installed  in  fireproof  buildings,  the  stairway  requirements  may  properly  be  re- 
duced, and  it  is  so  provided  under  the  New  York  Building  Law.     On  the  other  hand,  if  the  buildings  are  not  fire- 
proof, the  stairway  requirements  should  be  increased.     The  amount  of  reduction  to  be  permitted  in  one  case,  and  I 
the  amount  of  increased  requirements  in  the  other  case,  depend  upon  the  conditions,  and  whether  those  conditions 
are  likely  to  be  permanent. 

232.  Locations  of  Stairways. — In  dwellings,  the  main  stairwaj'  ordinarily  occupies  a  cen- 
tral and  prominent  place  in  the  house.  In  buildings  of  the  old  Colonial  type,  the  main  floor  is 
divided  into  two  parts  by  the  hall,  and  the  main  stairway  is  located  in  this  room,  or  it  is  directly 
connected  to  it.  In  most  government  buildings,  school  houses,  churches,  theatres,  railway 
stations,  and  other  buildings  of  a  public  character,  the  locations  of  the  stairw  ays  are  fixed  by  the 
design  of  the  building.  To  change  the  location  would  mean  to  re-dcsign  the  bviilding,  or,  at 
least,  to  make  material  changes  in  other  important  parts  of  it.  To  make  ingress  and  egress 
easy,  and  travel  in  public  buildings  convenient  and  comfortable,  is  one  of  the  most  impor- 
tant considerations  in  the  design  of  such  buildings,  and  the  arrangement  of  stairway's  and  pas- 
sageways must  be  worked  out  as  a  part  of  the  general  design.  This  is  not  true  of  all  (ef_ 
buildings.  The  general  scheme  of  a  hotel  or  an  office  building  can  often  be  arranged  without 
much  regard  to  the  location  of  the  stairs — ^that  is  to  say,  they  can  be  figured  into  the  design  in  ^ 
various  ^\  ays  without  materially  altering  the  general  scheme  of  the  building. 

Where  two  stairways  are  required,  they  should  not  be  near  each  other,  and  if  there  are  more  |x 
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lan  two,  they  should  be  well  separated  and  placed  so  as  to  afford  the  easiest  and  quickest  serv- 
;e  possible  to  the  building  as  a  whole.  The  distribution  of  stairways  is  particularly  important 
I  the  design  of  large  factory  buildings.  It  may  be  materially  to  the  advantage  or  to  the  dis- 
dvantage  of  the  business  in  the  building.  Such  stairways  should  be  located  so  that  there  will 
:  little  or  no  interference  in  passage  from  work  to  stairs,  from  work  to  locker  or  wash  rooms, 
id  from  such  rooms  to  stairs.  Stairways  should  never  be  located  around  or  adjacent  to  ele- 
,tor  shafts  without  solid  walls  between  them. 

A  double  or  interlocking  staircase  has  been  devised  that  makes  a  very  ingenious  economy  of  space.  The  two 
iirways  occupy  the  same  space  that  either  of  them  alone  would  require.  The  arrangement  can  not  be  used  unless 
e  floors  are  16  or  17  ft.  or  more  above  each  other,  and  it  is  particularly  adaptable  for  exits  for  theatres,  school 
lUSes,  and  other  public  buildings,  when  ceilings  are  high.  Fig.  382  shows  how  this  stair  is  constructed.  The 
rangement  increases  the  fire  risk,  and  in  some  places  might  be  pro- 
bited,  but  if  the  enclosure  walls  are  properly  made  and  particularly  if 
e  entrances  are  protected  by  intermediate  corridors,  or  otherwise,  the 
.nger  of  smoke  might  be  sufl&ciently  eliminated  to  remove  this  difficulty. 

233.  Landings  and  Winders. — Winding  steps  should 
3ver  be  used  in  newel  stairs,  and  in  some  cities  they  are 
•ohibited  by  law,  except  in  ornamental  construction  where 
le  use  of  the  stair  is  not  very  important.  Winders  have 
3en  used  in  American  practice  a  verj'  great  deal  in  dwell- 
ig  house  construction,  in  order  to  economize  space  and  to 
ive  expense  in  construction,  but  it  is  a  very  bad  practice. 

is  more  difficult  to  go  up  and  down  such  stairs,  and  the 

.nger  of  falling  on  the  stairs  is  very  greatly  increased. 

Winding  steps  are  a  necessary  part  of  curved  stairs,  and  in  such 
instruction  the  width  of  the  tread  should  be  limited.  It  should  be  the 
me  width  as  the  treads  of  other  steps,  about  2  ft.  out  from  the  hand 
il.or  the  inside  of  the  stair,  which  is  about  the  ordinary  line  of  travel. 
e  average  width,  if  the  stairs  are  not  too  wide,  should  be  not  greater 
an  would  be  used  if  the  stair  were  straight,  and  the  minimum  width 
ould  be  not  less  than  6  in. 

Landings  should  be  separated  by  4  or  5  steps.  Square  landings 
rve  to  prevent  accidents,  and  they  also  serve  as  resting  points  going  up 
d  down  stairs.  No  straight  flight  of  stairs  should  be  more  than  10  or 
I  ft.  in  height  without  a  landing.     It  is  very  desirable  to  have  at  least 
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Fig.  382. — Double  or  interlocking  stair. 
e  landing  in  every  ordinary  story,  as  buildings  are  constructed  in  our  American  cities. 


234.  Balustrades  and  Hand  Rails. — Balustrades  and  hand  rails  are  necessities  in  the  con- 
iruction  of  stairways.  Even  if  the  stairway  is  entirely  enclosed  by  walls  on  both  sides,  the 
and  rail  is  an  important  part  of  the  construction.  Without  it  the  danger  of  injury  to  people 
ling  the  stairw  ay  would  be  greatly  increased. 

The  balustrade  offers  an  exceptional  opportunity  for  decorative  work.  A  great  deal  of  very  beautiful  work  in 
e  construction  of  balusters  and  newel  posts  has  been  worked  into  some  of  the  old  Colonial  staircases.  In  the 
wer  stories  of  ofifice  buildings  and  hotels,  and  particularly  in  public  buildings,  the  balustrades  are  often  made  of 
me,  marble,  or  bronze,  massive  and  sometimes  very  rich  in  design.  In  all  buildings,  balustrades  and  hand  rails 
ould  be  made  substantial  and  strong  enough  to  maintain  their  position  under  any  kind  of  a  strain.  Wide 
urways  should  have  a  hand  rail  on  both  sides,  either  as  a  part  of  the  balustrade  or  fastened  to  the  wall,  and  in 
iblic  places  where  the  stairs  are  in  constant  use  by  large  numbers  of  people,  very  wide  stairs  should  have  an  inter- 
jdiate  hand  rail. 

235.  Stairway  Enclosures. — In  the  early  history  of  high  building  construction  in  our 
merican  cities,  it  was  considered  quite  the  proper  thing  to  build  the  stairw  ays  around  elevator 
kafts,  with  nothing  between  them  but  a  light  iron  screen.  The  folly  of  this  construction, 
lowever,  became  quickly  apparent.     The  openings  from  floor  to  floor,  which  they  afforded, 

came  the  flues  for  smoke  and  rapid  spread  of  any  fire  in  the  building.  The  next  step  in  this 
/ohition  was  the  separation  of  the  stairs  from  the  elevators.  They  were  placed  in  or  adjoin- 
g  the  corridors  of  the  building.  This  was  better,  but  the  well  hole  in  the  stairway  was  still 
1  element  of  danger  in  case  of  fire.  The  only  construction  of  stairs  which  can  be  depended 
pon  to  make  them  a  safe  exit,  reasonably  free  from  smoke,  is  their  construction  within  enclosing 
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walls.     Our  best  building  laws  require  the  enclosure  walls  in  all  high  buildings, 
struction  of  such  shafts  is  treated  in  the  following  chapter. 

236.  Materials,  Details,  and  Methods  of  Construction,— In  most  cities  the  building  law 
require  stairs  to  be  constructed  entirely  of  incombustible  material,  except  in  frame  buildings  an 
in  non-fireproof  buildings  of  moderate  size.  All  such  stairs  are  supported  by  iron  strings,  o 
they  are  made  of  reinforced  concrete  construction.  If  they  are  supported  by  iron  strings,  th 
treads  should  be  made  of  solid  steel  or  cast-iron  plates.  Marble,  slate,  or  other  stone  shoul 
not  be  used  for  finish  treads  without  such  plates  under  them.  The  reason  for  this  is  obvious 
in  case  of  fire  the  stone  treads  are  likely  to  crack  or  break  from  heat  or  water.  In  the  mos 
economical  construction  of  this  character,  the 
treads  and  risers  are  made  of  stamped  steel 
plates  in  different  forms,  some  of  which  are 
arranged  to  carry  cement  treads. 


Fig.  3S3. 


-Typical  stairway  in  the  Commodore 
Hotel,  New  York  City. 


De+ai(  of  Start  and  Landing  race 
Strings  at  Platforms 

Fig.  384. 


Figs.  383  to  387  inclusive  show  the  plan,  section  and  details  of  the  construction  of  a  typic: 
stairway  in  the  Commodore  Hotel  in  New  York  City.  These  figures  give  the  actual  measure 
ments  that  are  used,  the  enclosing  walls,  the  structural  iron  that  supported  them,  and  the  suj 
port  of  the  stairs.  It  is  given  as  an  exceptionally  good  exampi  of  a  very  economical  constructioi 
but  thoroughly  substantial  and  fully  meeting  all  the  requirements  of  the  building  laws. 

The  stair  comes  very  near  being  a  dogged-leg  stair.  The  open  space  between  the  hand  rail: 
as  shown  on  Fig.  387,  is  only  about  1  in.,  and  between  the  iron  strings  about  3  in.  One  newt 
post  serves  both  the  upward  and  the  downward  flights  of  the  stairs.  It  is  carried  on  the  S-ii 
beam  at  the  floor  and  on  an  8-in.  channel  at  the  landing,  and  held  in  place  by  bolts  directl 
through  the  post  and  the  webs  of  the  structural  members. 

The  height  of  the  stair  from  floor  to  floor  is  10  ft.  G  in.;  there  are  17  risers,  each  7.41  ii 
high.  The  treads  are  10  in.  wide.  The  treads  and  risers  and  the  landing  are  made  of  sheet  ste( 
stamped  to  form,  and  covered  with  cement. 

These  stairways  are  in  the  middle  of  the  building,  artificially  lighted  day  and  night.  A 
the  elevator  service  in  the  building  is  ample,  both  for  the  guests  and  for  the  ser\'ice  of  the  building 
these  stairways  are  not  likely  to  be  much  used,  except  in  some  possible  emergency. 

Reinforced  concrete  stairways  are  particularly  adaptable  to  buildings  made  of  reinforced  concrete  constructior 
and  are  often  more  economical  than  iron  stairs.'  When  all  the  materials  and  equipment  are  at  hand  and  in  use  i 
the  construction  of  the  floor?  and  walls  of  the  building,  the  additional  concrete  in  the  stair  construction  caJi  be  put  i. 

'  For  the  design  of  reinforced  concrete  stairs,  see  Sect.  2,  Art.  43. 
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iBjolace  for  the  actual  cost  of  the  material  and  labor  required,  without  overhead  charges.      Moreover,  in  a  building  of 

einforced  concrete  construction,  stairways  of  the  same  material  can  be  designed  so  that  they  will  become  an  integral 

part  of  the  structure.     The  common  method  of  construction  is  an  inclined  slab  of  concrete  with  the  form  of  the  stair 

molded  on  the  upper  side,  the  thinnest  part  of  the  slab  made  thick  enough  and  the  reinforcement  made  sufficient  to 

"'  meet  all  requirements  of  strength.     Reinforced  concrete  stairways  can  be  adapted  to  difficult  conditions  often  times 

0  juite  as  easily  as  to  simple  ones,  which  would  not  be  the  case  in  iron  construction.     The  slab  can  be  made  to  in- 
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t  of  rail 


yar/es—- H^- 

Detail  of  Strings  and  Risers 

Fig.  3S6. 


Floor  Landing 
at  Top  of  night 

Fig.  385. 


Newel  post  and 

stair  stringer 

connection 


Neivel  fipst  and 
hand  rail 
connection 


Fig.  387. 


lude  landings,  and  special  wall  or  column  construction  in  any  way  that  may  be  desired  without  adding  materially 
o  the  cost.     Almost  any  combination  of  constructions  desired  is  practicable  with  this  material. 

Fig.  388  shows  a  sanitary  stair  of  reinforced  concrete  construction,  with  all  parts  covered  with  terrazzo.  Such 
stair  is  particularly  desirable  in  a  hospital.  The  terrazzo  work  can  be  carried  up  the  wall,  if  desired,  to  form  a  wain- 
Getting.  In  the  finish,  the  entire  stair  is  one  piece  without  a  crack,  and,  if  wanted,  without  a  square  corner  to  catch 
nd  hold  the  dirt.  The  same  thing  can  be  made  with  a  cement  finish  for  factories  or  other  buildings  where  the 
errazzo  is  too  expensive.  It  is  a  form  of 
onstruction  that  can  not  be  adapted  to 
fijron  stairs.  A  stream  of  water  can  be 
urned  on  such  a  stair  without  any  disad- 
antage. 

The  reinforced  concrete  part  of  the 
tair  is  poured  in  wood  forms  after  the 
einforcing  rods  have  been  put  in  place, 
nd  left  in  the  rough.  After  the  forms  are 
emoved  the  finish  lines  are  carefully  de- 
ermined,  and  the  terrazzo  is  molded  in 
lace  with  tools  made  to  fit  the  corners 
nd  projections  as  may  be  required. 

Stairways  in    dwellings  are  generally 

lade    of    wood,    and    their    construction 

"  squires   the  most  skillful  joinery  known. 

te(  ndeed,  so  great  is  the  demand  for  skill  in 

uch  work  that  most  of  it  is  done  by  men  who  do  no  other  kind  of  work. 
^  Except  in  massive  work  where  the  balustrate  is  made  of  stone,  hand  rails  are  mostly  made  of  wood.  In  factories, 
capitals,  and  other  buildings  where  the  appearance  and  finish  of  the  work  will  permit,  the  structural  work  is  exposed, 
"tpd  in  reinforced  concrete  stair  work  the  risers  and  treads  can  be  finished  in  cement  or  terrazzo.  In  finer  work, 
on  or  steel  strings  are  covered  with  cast-iron  facia,  and  treads  should  properly  finish  with  a  wall  string  of  the  same 
laterial.  The  balustrades  of  stairs  made  of  incombustible  material,  excepting  the  hand  rail,  are  usually  made  of 
on  or  bronze. 

Stairs  should  be  calculated  to  carry  100  lb.  per  sq.  ft.  of  live  load,  and  all  details  of  their  construction  should  be 
eveloped  with  the  same  care  that  is  given  to  floor  construction. 
41 
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SHAFTS  IN  BUILDINGS 
By  Corydon  T.  Puedy 

The  importance  of  enclosing  stairways  and  elevators  with  fireproof  walls  has  been  evolve 
along  with  the  other  features  of  modern  construction,  but  more  slowly  than  most  of  them.  Whf 
we  had  only  five  story  buildings,  no  point  was  made  of  it.  For  years  afteraard  the  stairwE 
around  an  open  elevator  was  considered  the  proper  construction  bj^  the  best  architects,  and 
is  only  a  few  years  since  we  stopped  building  elevators  fronted  with  open  grilles,  and  stariv.a; 
in  open  corridors.     Now  enclosures  are  required  in  many  places,  and  should  be  everywher 

The  one  thing  that  has  forced  this  evolution,  step  by  step,  is  the  growing  appreciation 
the  necessity  of  enclosure  walls  for  the  preservation  of  life.  The  open  elevator  or  stairw^ay, 
case  of  fire,  became  a  flue  that  drew  the  fire  to  itself,  making  it  the  worst  place  for  travel  i 
stead  of  the  best.  If  it  did  not  get  the  fire,  it  did  get  the  smoke,  and  in  one  fire  in  a  New  Yoi 
hotel,  several  lives  were  lost  in  a  few  minutes  on  this  account,  when  practically  no  damage  w 
done  to  the  building. 

All  openings  in  floors  should  be  enclosed  with  walls,  forming  vertical  shafts,  except  ( 
small  openings  for  ducts  and  flues  for  which  requirements  vary,  (2)  openings  for  stairnays 
the  first  story  of  city  buildings,  and  (3)  stairways  in  dweUings.  There  should  be  very  few  oth 
exceptions. 

237.  Kinds  of  Shafts. — Shafts  are  open  and  closed.  Open  shafts  are  open  to  the  air — that  i 
they  are  not  covered  with  a  roof  or  any  other  kind  of  covering.  Closed  shafts  are  roofed  in  ar 
completely  covered  at  the  top. 

In  general,  there  are  five  kinds  of  shafts:  light  shafts,  vent  shafts,  dumb-waiter  shaft 
elevator  shafts,  and  shafts  formed  by  stair  enclosures.  laght  and  vent  shafts  are  constructs 
both  open  and  closed,  the  others  being  always  closed. 

238.  Open  Shafts. — Open  shafts  are  made  for  purposes  of  ventilation  and  hght.  Th( 
should  be  enclosed  with  walls  similar  to  those  required  for  the  exterior  constinaction  of  tl 
building,  except  if  the  shaft  is  small,  in  which  case  some  reduction  in  thickness  of  walls  mi 
be  allowed  provided  that  by  so  doing  there  is  no  depreciation  in  the  strength  of  the  structu 
as  a  whole.  All  openings  in  such  shafts  should  be  protected  from  fire,  whether  the  building  1 
fireproof  or  not,  and  windows  should  have  fireproof  construction,  wire  glass,  and  fire  shutter 

239.  Closed  Shafts. — Small  vent  and  dumb-waiter  shafts  should  be  enclosed  with  wal 
made  the  same  as  partitions  ordinarily  required  in  fireproof  buildings.  Vent  shafts  shou^ 
have  no  openings,  except  for  ventilation  purposes,  including  windows,  and  dumb-waiter  shaf 
should  have  no  openings  except  the  doors  for  the  dumb-waiter  service.  These  openings  shoul 
have  iron  or  concrete  frames,  and  fireproof  doors  and  windows.  Such  shafts  should  also  haA 
fireproof  construction  at  the  top  and  bottom.  This  fireproof  construction  works  both  wa}' 
It  prevents  the  fire  from  getting  into  the  shaft,  and  then  if  the  fire  does  enter  the  shaft,  it  hok 
it  in  and  prevents  the  spread  of  the  fire  on  the  floors  above.  The  complete  enclosure  of  tl 
shaft  at  the  bottom  prevents  the  entrance  of  the  fire  at  the  most  dangerous  point.  The  openin 
at  the  top  of  vent  shafts  for  the  ventilation  may  be  accomplished  by  sufficient  openings  on  th 
sides  made  permanent  in  the  wall  construction;  or  by  ventilating  windows  or  skyUghts. 

Owing  to  the  possibility  of  the  improper  construction  of  dumb-waiter  shafts,  or  faull 
arising  from  age  or  use,  they  may  become  a  means  of  spreading  fire,  particularly  in  non-fireproc 
buildings,  and  to  meet  this  possibility,  in  some  cities  it  is  required  that  such  shafts,  whe 
extending  to  the  top  storj-,  shall  be  covered  with  skylights  so  that  the^'  maj'  be  accessible  at  th 
top  in  case  of  fire. 

240.  Stairway  Enclosures. — The  kind  of  an  enclosure  required  for  a  stairway  depends  upo 
the  size  and  construction  of  the  building,  its  use,  and  to  some  extent  on  outside  conditions.  I 
high  buildings  serving  a  large  population,  they  should  be  of  the  best  type  of  constructior 
This  is  true  of  most  buildings  in  our  large  cities,  but  in  buildings  3  or  4  stories  high,  of  ordinar 
construction,  with  brick  exterior  walls  and  with  floors  and  roof  supported  by  wood  joists,  an 
slow-burning  enclosure  wall  answers  the  purpose  as  well  as  one  made  of  fireproof  materiab 
In  a  case  of  fire,  the  people  will  pass  out  of  the  building  before  the  enclosure  is  burned.     It  i 
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npossible  to  make  a  rule  that  will  apply  to  all  cases,  determining  under  what  conditions  the 

heaper  enclosure  is  applicable,  but  open  stairways  should  not  extend  through  more  than  three 

Lories  in  any  kind  of  a  building,  in  city  or  country.     In  New  York  City  not  more  than  two  stories 

V(  1  any  building  can  be  connected  by  an  open  well  or  unenclosed  stairway,  and  access  to  stairway 

lie  nclosures  in  high  buildings  must  be  provided  at  each  story  through  outside  balconies  or  fire- 

va  roof  vestibules.     Both  the  arrangement  and  the  construction  of  stairway  enclosures  in  high 

uildings  should  be  such  as  will  under  the  worst  conditions  ensure  the  safety  of  those  who  use 

afiem. 

Slow-burning  enclosures  can  be  made  in  various  ways — with  wood  studding  and  wire  lath  and  plaster,  or  of  solid 
ood  several  layers  thick,  or  otherwise. 

Fireproof  enclosure  walls  should  be  made  better  than  the  ordinary  partitions  of  so-called  fireproof  buildings. 
1  buildings  that  are  not  fireproof,  they  should  be  self-supporting  from  the  foundation  upward,  the  same  as  exterior 
alls,  and  made  of  materials  that  will  meet  all  requirements  of  strength,  as  well  as  of  fire  resistance.  In  fireproof 
uildings,  enclosure  walls  can  be  carried  from  floor  to  floor  on  the  fireproof  floor  construction,  or  on  the  steel  or 
iinforced  concrete  framing.  Under  the  New  York  building  law  the  enclosing  walls  and  the  floors  and  ceilings  of 
airway  enclosures  in  high  buildings  must  be  made  of  brick  or  concrete  8  in.  thick.  Other  materials,  however, 
light  properly  be  used  in  such  construction  when  permitted  by  building  regulations;  but  they  should  be  reliable 
ructurally  and  otherwise,  to  withstand  any  fire  effects. 

Enclosure  walls  in  fireproof  buildings  should  also  be  well  constructed.  All  mortar  used  in  making  them  should 
cement  mortar.  Their  support  and  connection  at  floors  and  ceilings  should  be  substantial  and  suSicient  to 
isist  any  destructive  force  that  the  wall  itself  will  resist.  Metal  studding  should  project  into  both  floor  and  ceiling, 
id  be  cemented  in  place:  the  work  should  be  so  designed  that  beams  or  other  steel  construction  will  not  project 
irough  the  enclosure  walls.  At  all  points,  the  metal  of  the  steel  frame  should  be  covered  by  at  least  IJ^  in.  of 
eproofing  material. 

Openings  in  such  enclosure  walls  should  be  made  with  corresponding  care.     The  edges  of  the  openings  should 

B  reinforced  with  steel  to  insure  the  strength  of  the  wall  against  the  weakening  effect  of  the  opening.      Door  and 

If  indow  frames  should  be  made  of  metal,  of  wood  covered  with  metal,  of  fireproofed  wood,  or  of  their  equal  as  a  fire 

tl  !sisting  material.     The  doors  and  sash  should  likewise  be  made  of  fire  resisting  materials.     The  windows  should  be 

rovided  with  iron  shutters.     Glass,  wherever  it  is  used,  should  be  wire  glass,  and  if  windows  are  badly  exposed, 

le  glass  should  be  in  two  thicknesses,  separated  by  at  least  1  in.  of  air  space.     Insurance  codes  should  be  consulted 

regard  to  maximum  sizes  of  wire  glass  permitted.     Sash  should  be  fitted  with  automatic  self-closing  devices. 

loors  should  open  outwardly  and  should  be  self-closing.     They  should  not  be  locked  when  the  building  is  inhabited. 

ach  story  in  such  an  enclosure  should  be  provided  with  artificial  light,  which  should  be  as  independent  as  possible 

jl  '  the  other  lighting  in  the  building,  and  as  fully  protected  as  possible  from  injury  by  any  fire  likely  to  occur  in  the 

111  iiilding,  from  within  or  without. 

The  above  specification  is  for  the  best  construction,  but  these  enclosures  are  a  small  part  of  the  entire  construe- 
on  of  a  building,  and  the  additional  cost  that  they  incur  is  not  a  large  part  of  the  total  cost  of  the  building.  The 
irolution  of  stair  construction  has  now  reached  the  stage  in  which  the  public  demands  the  best  in  these  particulars. 

The  construction  demanded  for  stair  enclosures  in  factories  and  loft  buildings  and  other  places  where  workmen 
d  workwomen  congregate  is,  in  all  its  essential  elements,  the  same  as  required  for  hotels  and  oflfice  buildings,  and 
i  complete  as  herein  specified.  The  finish  may  be  omitted,  and  the  work  may  be  left  in  the  rough,  but  the  construe- 
on  should  be  equally  substantial  and  the  prevention  of  smoke  equally  certain. 

Some  building  laws  require  "fire  towers."     A  "fire  tower"  is  an  enclosed  stairway,  as  above  specified,  with 

tl  3th  its  doors  and  windows  opening  to  the  outside  of  the  building,  and  at  a  point  that  is  not  badly  exposed  by  a  fire 

another  building.     Fire  towers  should  be  connected  at  each  floor  to  a  nearby  exit  doorway  from  the  building. 

he  balconies  required  to  make  the  connection  should  be  made  of  substantial  fireproof  construction,  and  as  wide 

I  the  corridors  or  stairs  which  they  serve. 

The  complete  enclosure  of  stairway  shafts  in  city  buildings  should  continue  to  the  ground  floor,  with  an  exit 
ading  as  directly  as  possible  to  the  outside  of  the  building.     Such  stairways  should  also  continue  to  the  roof,  where 
,1  ley  should  be  enclosed  with  a  substantial  fireproof  construction  with  a  skylight  or  windows. 

241.  Elevator  Shafts. — The  walls  of  elevator  shafts  and  the  fireproofing  of  surrounding 

nd  supporting  structural  members  should  be  made  with  the  same  care  and  good  workmanship 

ailed  for  in  the  construction  of  stairway  enclosures.     One  is  quite  as  important  as  the  other. 

i  there  are  only  two  elevators  in  a  building,  they  should  have  separate  shafts.     New  York 

"  'ity  does  not  permit  more  than  two  elevators  in  one  shaft,  and  whether  there  is  any  regulation 

regard  to  it  or  not,  the  separation  of  elevators  in  large  city  buildings  into  two  or  three  or  m.ore 

''  [lafts  is  very  desirable. 

The  size  of  elevators,  as  well  as  their  number,  depends  upon  the  service  required.     These 
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factors  must  be  determined  or  assumed  before  the  number  and  size  of  the  shafts  can  be  fixei 
The  horizontal  clearance  in  the  shafts,  at  the  sides  of  the  elevators,  depends  upon  the  size  < 
character  of  the  guides  or  rails  which  are  used  and  the  construction  of  the  car,  and  the  clearanc 
required  behind  the  car  for  the  counterweight  depends  upon  the  size  of  the  counterweight, 
clearance  of  3}-^  in.  on  each  side  of  the  car  is  the  least  allowance  for  iron  rails  and  a  recetsse 
car.  If  the  rails  are  extra  heavy  or  their  supports  unusually  difficult,  this  clearance  must  \ 
increased.  Wood  rails  require  more  clearance  than  iron  rails.  If  the  pilaster  effect  in  a  c; 
on  account  of  making  a  recess  for  the  guides  is  objectionable,  and  the  side  of  the  car  is  mac 
straight,  a  6-in.  clearance  is  the  least  that  should  be  allowed,  even  with  iron  guides. 

The  space  required  for  counterweights  is  never  less  than  83-^  in.,  and  a  greater  allowance 
desirable.     A  clearance  of  ^  to  l}i  in.  in  front  of  the  car  should  also  be  allowed.     New  Yor 
City  does  not  permit  more  than  l}i  in.     If  the  threshold  of  the  doorwaj'  is  constructed  t 
project  into  the  area  of  the  shaft  to  make  this  clearance  satisfactory,  the  under  side  of  the  pn 
jection  should  be  beveled  to  the  line  of  the  shaft  as  a  measure  of  safety. 

The  above  clearances  are  on  the  basis  of  elevator  guides  on  the  sides  of  the  car  and  counte: 
weights  in  the  same  shaft.  Corner  guides  are  very  undesirable,  and  counterweights  in  separal 
shafts  where  they  can  not  be  readily  seen  are  also  objectionable.  The  simplest  arrangement  ( 
these  details  is  the  best  and  ordinarily  the  most  economical  in  construction.  If  an  elevate 
shaft  is  constructed  with  given  clearances  for  a  proposed  size  of  car,  it  is  necessarj'  that  th  c; 
erection  of  the  shaft  construction  be  perfectly  plumb  to  permit  the  size  of  car  as  proposed, 
the  shaft  is  not  plumb,  the  size  of  the  car  will  have  to  be  reduced,  for  the  guides  must  be  vertic: 
whether  the  walls  of  the  shaft  are  or  not. 

The  clearance  required  overhead  for  the  car  depends  upon  the  speed  of  the  elevator.  Tb 
New  York  regulations  call  for  2  ft.  when  the  speed  is  not  over  100  ft.  per  minute,  and  5  ft. 
the  speed  exceeds  350  ft.  per  minute,  and  these  regulations  represent  the  best  practice.  Tb 
clearance  is  measured  from  the  top  cf  the  car,  when  it  is  in  position  at  the  top  floor  of  the  builc 
ing,  to  the  under  part  of  the  lowest  overhead  construction.  The  clearance  overhead  for  tt 
counterweights  depends  upon  the  type  of  the  elevator.  The  New  York  regulations  require  nc 
less  than  6  in.  for  traction  and  hydraulic  elevators,  and  not  less  than  3  ft.  for  drum  type  eh 
vators,  when  the  pit  buffer  is  completely  compressed.  If  the  shaft  is  covered  with  a  floor  und( 
the  construction  supporting  the  machinerj',  these  clearance  measurements  would  be  to  th 
under  part  of  the  floor.  They  should  in  any  case  be  ample,  and  the  extra  expense  for  makir 
them  so  is  ordinarily  not  worth  considering. 

Most  building  laws  require  a  grating  or  floor  construction  under  the  overhead  sheave 
and  their  supports.  Whether  this  is  required  or  not,  such  construction  is  desirable  and  it  shoul 
be  made  substantial.  The  best  method  is  to  make  a  concrete  floor  provided  with  grated  opei 
ings  under  the  lowest  sheaves  and  under  the  lowest  supporting  sheave  beams,  covering  tb 
entire  area  of  the  shaft.  The  grating  is  desirable  to  permit  of  the  exit  of  smoke  that  might  fin 
its  way  into  the  shaft  in  spite  of  all  efforts  to  prevent  it.  The  grating  should  be  suflficientl 
close  to  prevent  ordinary  tools  from  falling  through. 

Ordinarily  8-ft.  head  room  above  this  overhead  floor  will  afford  ample  room  for  the  sheavf 
and  their  supports  and  for  taking  care  of  them.  If  the  machiner}^  is  over  the  elevators,  thi 
space  should  be  increased  3  or  4  ft.,  and  a  separate  floor  should  be  constructed  immediate! 
under  the  machinery.  If  the  machines  are  over  the  elevators,  the  room  containing  the  ms 
chines  should  be  incorporated  into  the  shaft  construction,  and  in  either  case,  all  the  overhea 
construction  should  be  thoroughly  fireproof  and  substantial,  and  should  be  well  lighted  wit 
skylights  or  windows. 

No  rules  can  be  made  for  the  framing  around  elevator  shafts  in  either  steel  or  reinforcet 
concrete  construction.  Nearly  every  building  is  a  new  problem.  Guide  rails  should  be  sup 
ported  every  12  or  15  ft.,  and  where  story  heights  are  greater,  the  framing  of  an  intermediat 
support  is  necessary. 

In  designing  a  large  building,  it  is  important  to  obtain  a  preliminary  layout  for  the  elevators  from  some  manu 
facturer  of  elevators  before  completing  the  design.  From  such  a  layout  the  elevator  loads,  taken  into  the  coluninir 
can  be  determined  and  provided  for,  and  any  change  in  the  layout  made  afterwards  is  not  likely  to  materially  alt 
the  distribution  of  the  loads  so  determined. 
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When  the  elevator  machinery  is  in  the  basement,  the  total  load  for  each  elevator  is  equal  to  the  weight  of  the 
,  plus  a  live  load  of  75  lb.  per  sq.  ft.  of  car  floor,  multiplied  by  2,  plus  the  weight  of  the  cables.  The  weight  of 
'car  and  its  live  load  is  multiplied  by  2  to  cover  the  counterbalance  and  lifting  load.  The  total  load  to  be  taken 
e  of  in  the  construction  of  the  building  is  two  times  this  result.     The  second  multiplication  by  2  covers  impact 

I  other  minor  factors. 

When  the  elevator  machinery  is  at  the  top  of  the  building,  the  load  is  somewhat  reduced  so  far  as  the  lifting 

oncerned,  but  the  weight  of  the  machinery  itself,  which  is  considerable,  is  added.     The  framework  provided  for 

support  of  the  beams  which  carry  the  sheaves,  is  regarded  as  a  part  of  the  construction  of  the  building.     Very 

t!  ivy  beams  are  sometimes  required  for  this  purpose.     The  requirements  must  be  determined  from  the  layout 

ad  the  elevators,  and  if  the  original  calculation  is  made  from  a  preliminary  layout,  the  design  should  be  re-examined 

Ten  the  final  layout  is  provided.     The  beams  that  carry  the  sheaves,  ordinarily  termed  "sheave  beams,"  are  in- 

ded  as  a  part  of  the  elevator  contract,  and  not  a  part  of  the  construction  of  the  building. 

All  elevators  have  buffers  and  must  be  constructed  with  pits,  or  with  extensions  of  the  elevator  shaft  below 

lowest  level  to  which  the  elevator  is  to  descend.      If  the  elevator  is  to  stop  at  the  first  floor,  and  there  is  a 

iement  in  the  building,  and  it  is  desirable,  it  will  be  sufficient  to  extend  the  elevator  shaft  to  the  basement  floor, 

i  to  construct  the  walls  with  a  doorway  from  the  basement  into  the  shaft.     Two  or  more  shafts  of  this  character 

oining  each  other  should  be  connected  in  the  basement  by  doorways.     If  the  machinery  is  in  the  basement,  the 

chine  room  should  be  of  fireproof  construction  adjoining  the  shafts,  and  connected  to  them  by  doorways  in  the 

3ement.  •  t.    u 

If  it  is  desired  to  have  one  or  more  elevators  run  to  the  basement,  the  shafts  should  be  constructed  with  the 
_  below  the  basement  floor  the  full  size  of  the  shaft.  These  pits  should  be  made  of  masonry,  waterproof,  and  not 
3  than  4  ft.  in  depth.  If  the  speed  of  the  car  exceeds  400  ft.  per  minute,  the  pit  should  be  6  ft.  deep.  There  are 
o  things  that  may  make  the  construction  of  these  pits  difficult:  (1)  the  possible  effect  they  may  have  upon  the 
ign  of  the  foundations  of  the  building,  and  (2)  the  waterproofing  of  the  walls  and  floor  so  that  the  pit  shall  be 
fectly  dry.  The  best  way  to  meet  the  foundation  difficulty  is  to  keep  the  pit  away  from  the  foundations,  though 
it  may  involve  the  whole  scheme  of  the  elevator  arrangement.  The  pit  should  always  be  waterproofed,  but  some- 
les  the  work  must  be  especially  well  done  to  keep  the  pit  dry. 

TANKS 

By  H.  J.  Burt 

242.  Sprinkler  Tanks. — For  the  highest  grade  service,  two  types  of  tanks  are  used  jointly 
■a  pressure  tank  and  a  gravity  tank.  The  pressure  tank  provides  the  high  pressure  which  is 
leded  at  the  beginning  of  the  fire.     (In  very  large  installations,  it  is  advisable  to  make  two 

at  lits  of  the  pressure  tank.)  The  gravity  tank  when  used  with  the  pressure  tank,  furnishes  the 
serve  supply,  and  comes  into  action  when  the  pressure  in  the  pressure  tank  has  dropped  to  a 
)int  where  the  water  will  flow  from  the  gravity  tank  into  the  pressure  tank.     The  gravity 

i  nk  is  set  at  such  an  elevation  that  it  will  give  an  effective  pressure  at  the  highest  sprinkler 

lei  !ad,  though  not  as  great  as  given  by  the  pressure  tank. 

In  a  less  efficient  installation,  the  gravity  tank  alone  may  be  used.      In  cases  where  only  a  few  heads  are  in- 
5'  illed,  the  house  tank  may  be  used  as  a  supply,  but  the  practice  should  not  be  followed  to  any  extent,  and  if  used, 
e  house  tank  should  be  increased  in  size  and  the  house  connection  made  at  such  a  height  on  the  tank  that  there 

II  always  be  a  supply  of  water  for  the  sprinklers  that  cannot  be  drawn  out  for  house  service. 
The  all  essential  thing  about  pressure  tanks  is  to  have  them  air-tight,  as  well  as  water-tight. 

242a.  Location  of  Sprinkler  Tanks. — If  ground  space  is  available,  and  particu- 
rly  if  several  buildings  are  to  be  served  from  the  gravity  tank,  it  is  desirable  to  make  the  tank 
ructure  independent  of  the  building.  Steel  water-towers,  which  have  been  highly  developed 
id  standardized  by  a  number  of  manufacturers,  are  best  suited  for  this  purpose. 

If,  as  is  usually  the  case  in  cities,  space  outside  the  building  is  not  available  for  this  struc- 
ire,  the  tanks  must  be  supported  on  the  building.     The  structural  problem  of  carrying  the 
eight  will  usually  govern  the  location,  although  in  some  instances  appearance  will  have  an 
=01  fluence.     The  following  cases  illustrate  locations  and  methods  of  support: 

*'  On  narrow  buildings,  say  50  ft.  or  less  in  width,  having  masonry  supporting  walls,  trusses  may  be  used,  span- 
ng  from  wall  to  wall.  The  position  selected  for  the  trusses  will  be  governed  by  any  other  features,  such  as  chim- 
ys,  pent  houses,  etc.,  that  need  to  be  cleared.  The  walls,  as  normally  built,  will  most  likely  have  the  necessary 
rength  to  carry  the  load,  and  to  distribute  it  over  a  considerable  length  of  foundation.  Fig.  389  illustrates  a 
ructure  of  this  description. 
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Fig.  389. — Sprinkler  tanks  supported  by  trusses  spanning  from  wall  to  wall. 


Lof  fine 


Fig.   390. — Sprinkler  tank  supports,  using  one  wall  of  building  and  two  new  building  columns. 
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Four  of  the  building  columns,  if  of  fireproofed  steel  or  concrete,  may  be  selected  to  support  the  tank,  and  be 
signed  to  carry  the  additional  weight.  The  weight  of  the  tank  structure  and  the  water  should  be  treated  as  dead 
ad  in  its  effect  on  the  foundations. 

Fig.  390  illustrates  a  case  when  the  wall  of  the  building  furnishes  support  for  one  side  of  the  tank  structure  and 
fo  new  columns  have  been  inserted  in  the  building  to  support  the  other  side. 

If  there  are  masonry  walls  enclosing  an  elevator  or  stair  shaft,  they  may  provide  the  support  for  the  tank, 
hey  may,  if  desired,  be  extended  upward  to  form  a  tower  enclosing  the  pressure  tank.  Fig.  391  illustrates  such  a 
se. 

The  pressure  tank  may  be  placed  in  the  basement  or  put  underground  outside  the  building.  In  such  cases 
must  operate  under  greater  air  pressure.  Such  location  makes  the  piping  more  complicated  if  a  gravity  tank  also 
used.     It  is  not  recommended  if  it  can  be  avoided. 

2426.  Supports  for  Gravity  Tanks. — The  design  of  the  supports  for  gravity 
nks  involves  gravity  loads  and  wind  loads.  Gravity  tanks  are  treated  as  dead  loads,  the 
nks  being  filled  to  capacity.  No  deductions  are  made  as  is  done  for  floor  loads.  Tanks  and 
nk  structures  are  usually  in  exposed  situations,  and  it  is  recommended  that  they  be  designed 
»  resist  a  wind  pressure  of  30  lb.  per  sq.  ft.  on  the  projected  area  of  tank  and  supports. 


Cross   Sec+ion 


Elevation 


Longitudinal  Sec+ion 


Fig.  391. — Sprinkler  tank  supported  by  brick  tower  which  houses  pressure  tank  over  elevator  shaft. 

The  gravity  and  wind  stresses  are  concurrent.  The  supports  will  be  designed  for  the  maximum  combinations 
stress.     If  with  an  empty  tank,  the  wind  produces  an  uplift  at  any  bearing,  suitable  anchorage  must  be  supplied. 

The  wood  tank  must  be  supported  on  chime  joints  so  cut  as  to  clear  the  ends  of  the  staves  and  thus  receive  the 
hole  load  from  the  tank  bottom.  It  will  generally  be  advantageous  to  specify  the  standard  sizes  made  by  local 
ood  tank  manufacturers. 

It  is  desirable  that  supports  within  the  building  be  fireproof. 

242c.  Pressure  Tanks. — The  pressure  tank  is  a  steel  cylinder,  with  segmented 

ids,  placed  horizontally.     The  usual  working  pressure  when  placed  on  top  of  the  building  is 

5  lb.  per  sq.  in.     The  tank  should  be  designed  for  a  greatdr  pressure,  say  100  lb.  per  sq.  in. 

The  stress  on  a  longitudinal  joint  per  linear  inch  is  P  X  r,  P  being  the  pressure  in  pounds 

r  square  inch  and  r  the  radius  in  inches.     The  stress  on  a  circumferential  joint  per  linear 

T 

ch  is  P  X  i^.     This  is  the  stress  on  the  joint  connecting  the  segmental  ends  to  the  cylinder,  and 
also  the  stress  in  the  head  if  the  head  is  a  full  hemisphere.     P  =  100  lb. 

Assume  a  tank  of  6-ft.  diameter,  or  r  =  36  in.,  joint  efficiency  50  %,  and  unit  stress  16,000  lb.  per  sq.  in.  Then 
e  stress  on  longitudinal  joint  =  100  X  36  =  3600  lb.  per  linear  inch,  and  the  thickness  of  plate  required  = 

=  0.45  in.     Use  He-in.  pl'jte. 


6,000)  (0.50) 

The  stress  in  the  joining  of  the  segmental  end  to  the  cylinder  is  100  X  18  =  1800  lb.  per  lin.  in.,  and  the  thick- 

ss  of  plate  required  for  the  segmental  end  =  , .  „  r>rvr.wr>  en^  ~  0.225  in.,  say  J4  in.  On  account  of  the  work  re- 
ared in  shaping  the  head,  it  is  desirable  to  make  it  thicker  than  the  computed  amount,  and  to  adopt  ^g  in.  as  a 
nimum. 
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Careful  designing  of  the  riveting  of  the  joints  may  give  an  efficiency  greater  than  50%  and  thus  reduce  1 
thickness  of  plate. 

Under  normal  working  conditions,  the  pressure  tank  is  %  full  of  water,  the  other  thi 
being  air  space.  In  giving  the  capacity,  the  water  space  only  is  indicated.  Given  the  volui 
of  water,  multiply  it  by  l}-i  to  get  total  volume  of  the  tank. 

The  tanks  are  set  in  two  saddles  made  of  wood,  cast  iron,  or  steel,  as  shown  in  Fig.  3£ 
These  supports  should  be  at  approximately  the  quarter  points.  The  supporting  beams  shou 
be  so  designed  that  they  will  be  capable  of  supporting  the  tank  when  full  of  water. 

The  appurtenances,  such  as  manholes,  gages,  pipe  connections,  and  enclosure,  must  be 
required  by  the  regulations  of  local  authorities  or  the  insuran 
representatives. 

242d.     Gravity    Tanks. — The    gravity    tank 
usually  a  cylindrical  tank   and  may  be  constructed  of  ste^ 
concrete,  or  wood. 

The  steel  tank  with  a  hemispherical  bottom  is  the  mc 
satisfactory  type  if  conditions  permit  its  use.  This  type  h 
been  standardized  by  a  number  of  manufacturers.  Tht 
designs  can  be  checked  or  new  designs  made  as  explained 
Ketchum's  "Structural  Engineers'  Handbook,"  p.  447  of  19 
edition.  This  form  of  tank  may  be  used  whether  set  on  . 
independent  tower  outside  the  building  or  on  a  special  tower  ■ 
top  of  the  building  (see  Fig.  392). 

Concrete  tanks  can  be  made  but  are  not  much  used.  T 
expense  of  forms  and  of  constructing  the  small  yardage 
concrete  at  such  a  height,  makes  them  uneconomical.  Concrt 
tanks  can  best  be  made  with  flat  bottoms. 

Wood  tanks  are  cheapest  and  least  durable,  but  will  gi 
good  service  if  well  built  and  well  maintained. 

242e.  Design  of  a  Cylindrical  Gravity  Tank. 
The  stress  on  the  longitudinal  seam,  or  section,  of  a  cylindri( 
tank  is  Pr  per  linear  inch  as  given  on  p.  647.  If  the  cylinc 
is  vertical,  the  pressure  P  at  any  level  is  0A34H,  H  being  t 
depth  in  feet  below  the  surface  of  the  water. 

Assume  for  example  a  tank  16  ft.  in  diameter,  and  20 
high;  then  the  maximum  stress  on  thecjdinder.  i.e.,  just  abo 
the    bottom,  =  0.434  X  20  X  8  X  12  =  833    lb.    per    lin.    i 
This  stress  must  be  resisted  by  the  plate  of  a  steel  tank,  the  reinforcing  rods  of  a  concrete  tank, 
the  hoops  of  a  wood  tank. 

For  the  steel  tank,  a  unit  stress  of    16,000  lb.  per  sq.  in.  will  be   used,  with   50  "TI    el 

833 
ciency  of  joint,  or  8000  lb.  per  sq.  in.  on  the  gross  area.     The  sectional  area  required  =  oqqq 

0.104  sq.  in.     This  being  a  section  1  in.  high,  the  thickness  required  is  0.104  in.     A  J-^-in.  pla 

will  be  sufficient  for  the  stress,  but  for  surety  of  calking  and  durability,  %6  or  even  y-i  in.  m; 

be  considered  the  desirable  minimum. 

For  the  concrete  tank,  a  steel  stress  of  12,000  lb.  per  sq.  in.  will  be  used.     Thus  the  stt 

833 
required  per  inch  of  height  is  ..^  ^^q  =  0.07  sq. 

area  of  0.1963  sq.  in.  and  are  to  be  spaced  2%  in.  apart  at  the  bottom 

size  are  computed  at  successive  elevations  up  the  sides  of  the  tank. 

for  the  rods  to  avoid  stretch  that  might  produce  minute  cracks. 

For  the  wood  tank,  a  steel  stress  of  12,000  lb.  per  sq.  in.  will  be  used  for  the  hoops 

833 
the  steel  required  per  inch  of  height  is  .  „  „qq  =  0.07  sq.  in.     Round  rods  ^^  in.  in  diamett 


?"'■ 


Fig.  392.— General  plan  of  40,000 
gallon  tank  and  tower. 


Round  rods  ^2  in.  in  diameter  have  : 

Likewise,  the  spacing  ai 
Low  unit  stresses  are  us 


Th. 
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aving  a  net  area  (in  the  thread)  of  0.30  sq.  in.  can  be  spaced  43^  in.  centers  near  the  bottom, 
nd  at  wider  distances  upward  toward  the  top.     Round  rods  must  be  used;  flat  bars  are  not 
ermissible  on  account  of  rapid  corrosion.     Low  unit  stresses  are  used  for  the  rods  to  allow  for 
111  litial  stress. 

The  fiat  tank  bottom  can  be  considered  as  a  series  of  beams  1  in.  wide  and  designed  accord- 
Si  ig  to  the  weight  of  the  water  and  the  spacing  of  the  supports.     The  bottom  of  a  steel  tank  will 
11  ot  be  less  in  thickness  than  the  lowest  course  of  side  plates.     The  bottom  of  a  concrete  tank 
ill  not  be  less  than  3  in.  and  may  be  cast  integral  with  the  supporting  beams. 
The  bottom  of  a  wood  tank  will  not  be  less  than  l^i  in.  net  thickness. 

For  details  of  the  design  of  steel  tanks,  see  Ketchum's  "  Structural  Engineers'  Handbook,"  p.  365. 
For  details  of  the  design  of  concrete  tanks,  see  Hool  and  Johnson's  "Concrete  Engineers'  Handbook,"  p.  705. 
For  details  of  the  design  of  wood  tanks,  see  "Regulations  of  the. National  Board  of  Fire  Underwriters  for  the 
;t(§istallations  of  Gravity  and  Pressure  Tanks." 

243.  House  Tanks. — In  important  buildings  it  is  generally  necessary  to  provide  one  or 
lore  tanks  for  water  supply.  Various  local  conditions  require  their  use.  The  pressure  of  the 
ublic  supply  may  not  be  sufficient  to  deliver  water  to  the  upper  floors,  or  the  public  supply 
lay  be  unreliable  as  to  pressure,  and  it  is  always  subject  to  accident  or  to  heavy  draft  for  fire 
urposes.  Accordingly,  the  tank  is  designed  to  secure  the  proper  pressure  for  the  upper  floors 
3  v/hich  the  city  supply  will  not  reach,  also  to  act  as  an  equalizer  between  the  pump  discharge 
nd  the  building  demand  and  provide  a  supply  for  a  short  period  of  time  in  the  event  of  the 
tiutting  down  of  the  service.  The  lower  floors  should  be  taken  care  of  by  the  service  pressure 
such  does  not  complicate  the  piping  system. 

The  supply  may  come  from  a  private  well;  or,  treated  water  may  be  used  for  drinking  or 
ulinary  purposes,  thus  making  a  tank  necessary. 

243a.  Capacity  of  House  Tanks. — The  capacity  required  varies  with  the  uses 
nd  conditions.  No  very  definite  rules  can  be  given.  If  the  pumping  plant  is  automatic,  the 
torage  need  be  only  enough  for  two  or  three  hours  of  maximum  use.  If  the  plant  requires 
lanual  operation,  two  or  more  pumpings  a  day  may  be  planned.  For  very  small  buildings, 
000-gal.  capacity  is  ample,  increasing  from  this  size  to  2000  or  2.500  gal.  Beyond  this  size, 
~j  is  generally  advisable  to  install  two  tanks,  cross  connected  and  valved  so  that  either  may  be 
hrown  out  of  service  for  cleaning  purposes. 

It  is  advisable  to  make  the  tank  as  small  as  practicable,  so  that  the  water  may  be  changed  frequently  and  re- 
lain  fresh.  In  large  important  buildings,  such  as  hotels,  etc.,  it  is  advisable  to  provide  two  services  from  two  street 
■onts  if  practicable,  to  avoid  interruption  in  the  service  to  the  house  tank  supply.  The  available  space  for  the 
ink  and  the  cost  of  installation  may  have  an  influence  in  deciding  the  capacity. 

2436.  Location  of  House  Tanks. — The  storage  must  be  of  course  above  the 
ighest  fixture  to  be  served.  The  usual  location  is  in  the  attic  space  or  in  a  pent-house  above 
he  roof.  In  the  latter  case,  it  is  desirable  to  locate  it  adjacent  to  the  elevator  pent-house,  to 
void  the  building  of  a  separate  house.  In  some  cases  it  may  be  enclosed  in  a  stairway  pent- 
louse.  It  should  be  enclosed  for  protection  against  dirt  and  against  freezing.  Heating  may 
le  necessary, 

243c.  Construction  Materials. — The  tank  may  be  constructed  of  either  steel, 
oncrete,  or  wood.  Steel  is  preferable,  as  it  can  be  readily  made  water-tight  and  with  reason- 
,ble  maintanance  will  be  permanent.  Its  cost  will  be  greater  than  concrete  or  wood.  Con- 
rete  may  be  used  but  will  require  special  care  in  construction  to  make  it  water-tight,  especially 
t  pipe  connections.     Its  use  would  be  appropriate  only  in  a  concrete  building. 

Wood  is  the  cheapest  material,  and  can  be  made  tight  if  sufficient  care  is  used  in  construction.  It  cannot  be 
onsidered  permanent.  Greater  security  against  leakage  in  rectangular  tanks  can  be  secured  by  lining  with  sheet 
ead  or  with  copper  having  soldered  joints.     The  wood  is  more  likely  to  rot  if  the  tank  is  lined  than  if  it  ia  unlined. 

243'7.  Details  of  House  Tanks. — The  supply  pipe  should  be  run  over  the  top  of 
he  tank,  or  its  outlet  placed  at  the  level  of  the  overflow ;  otherwise,  any  failure  of  its  supply  or 
eakage  through  the  pump  will  drain  the  tank.  Connection  of  the  supply  pipe  to  the  distribut- 
ng  system  is  objectionable  for  the  above  reason  and  the  added  reason  that  it  transmits  vibra- 
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tions  throughout  the  distributing  system.     The  outlet  should  be  2  or  3  in.  above  the  bottom 
allow  for  the  deposit  of  sediment,  but  a  drain  should  be  taken  from  the  bottom  to.secure  thorou} 
cleaning  when  necessary. 

An  overflow  outlet  shall  be  provided  at  least  6  in.  below  the  top  of  the  tank.  The  pipe  should  be  at  least 
large  as  the  suppl.v  pipe  and  should  not  be  connected  to  the  drainage  or  plumbing  system  of  the  building,  but  shoi 
discharge  on  to  the  roof. 

It  is  desirable  to  set  the  tank  in  a  steel  pan,  the  pan  provided  with  a  drain  pipe  discharging  in  a  conspicuc 
place  so  that  any  leakage  or  overflow  will  be  quickly  discovered.  This  pan  is  essential  for  steel  tanks  on  account 
condensation.     The  pan  should  be  about  3  in.  deep  and  about  1  ft.  larger  diameter  than  the  tank. 

A  reliable  tell-tale  or  gage  must  be  used  with  its  index  in  a  conspicuous  place  near  the  pump  or  place  of  contr 

243e.  House  Tank   Design — Rectangular  Wooden  Tanks. — Assume  tank  12  : 
long,  6  ft.  wide  and  6  ft.  deep  (Fig.  393).     The  unsupported  length  of  side  plank  is  72  in.     Ma: 


/^'-O'  C/ear  inside 


Sectron  B-B 


Section  AA 


Fig.   393. — Rectangular  wooden  tank. 

mum  pressure  near  bottom  of  tank  is  0.44//  =  2.64  lb.  per  sq.  in.,  or  380  lb.  per  sq.  ft.     Tl 

2.64  X  72  X  72 
bending   moment  on  a  strip  1  in.  high  (as  simple  beam)  =  — q— =   1710   in.-l 

The  appropriate  thickness,  t,  of  plank  can  be  determined  from  this  bending  moment.     Allowii 
a  fiber  stress  of  1400  lb.  per  sq.  in.,  \i  X  1400^2  =  1710.     i  =  2.7  in.     Use  3-in.  plank  (n. 
thickness  dressed  2^8  in.)-     This  thickness  is  suitable  for  sides,  ends,  and  bottom. 
The  buck  stay  is  designed  as  follows: 

380 
Total  load  =  6  X  6  X  ^2^  =  6840  lb. 


Stress  in  top  rod  (H)  =  2280  lb. 

Stress  in  bottom  rod  (%)  =  4560  lb. 

M.  (approx.)  =  3^  X  6840  X  6  =  5130  ft.-lb. 


61,560  in.-lb. 


This  requires  a  6  X  8-in.  timber. 

The  maximum  rod  stress  given  above  requires  0.28  sq.  in.  net  section  computed  at  16,00 
lb.  per  sq.  in.  but  as  this  rod  will  have  an  initial  stress  due  to  cinching  up  the  tank  and  may  ha\ 
additional  stress  from  swelling  of  the  wood  it  is  considered  expedient  to  use  Js-in.  round  ro 
having  a  net  area  of  0.41  sq.  in. 

The  vertical  rods  have  no  stress  from  water  pressure  but  have  the  cinching  and  swellin 
stresses  referred  to  above.     For  simplicity  of  design  %-in.  round  rods  will  be  used  throughou 

Cypress,  red  wood,  fir  and  long  leaf  pine  are  suitable  for  tank  construction.  No  nails,  screws,  or  bolts  shoul 
be  used,  the  tank  being  held  together  with  timbers  and  rods  as  shown.  Sills  are  used  to  allow  circulation  of  a 
under  the  tank,  to  avoid  decay.  The  sills  must  be  notched  if  necessary  so  that  the  tank  bottom  will  bear  directl 
thereon.  No  painting  is  permissible  on  the  planks.  They  are  left  free  to  absorb  the  water,  thus  preventin 
shrinkage  and  resulting  leaks,  also  preventing  decay.  The  tie  rods  and  fittings  should  be  heavily  painted  with  re 
lead  or  asphalt.  All  joints  should  be  grooved  or  splined  and  set  in  a  paste  of  white  lead  and  oil.  Tanks  are  som 
times  lined  with  sheet  lead.  In  this  construction  the  wooden  box  need  not  be  water-tight  as  it  merely  supports  th 
pressures.     The  wood  in  this  case  should  be  painted  on  both  sides. 
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Rectangular  Concrete  Tanks. — The  pressures  and  their  application  are  the  same  for  concrete 
'1%  nks  as  described  for  wood  tanks.  Two  sets  of  rods  must  be  used  in  each  slab,  placed  at  right 
igles  to  each  other,  whether  required  by  the  stresses  or  not.  This  is  to  prevent  cracks, 
he  vertical  rods  of  the  sides  and  ends  should  be  continuous  with  the  bottom  rods,  i.e.,  the  rod 
ould  extend  down  one  side,  across  the  bottom,  and  up  the  other  side.  The  horizontal  rods 
the  sides  and  ends  should  be  continuous  around  the  perimeter  of  the  tank  and  spliced. 

The  concrete  must  be  of  a  very  dense  mixture  to  meet  both  the  structural  and  waterproof  requirements.  The 
ncrete  may  be  made  waterproof  as  explained  in  Sec.  5,  Art.  29. 

The  pan  for  a  concrete  tank  may  be  made  by  forming  it  of  a  membrane  waterproofing  laid  directly  on  the 
ncrete  floor,  and  covering  it  carefully  with  at  least  .3  in.  of  concrete. 

Cylindrical  Tanks. — The  sizes  of  cylindrical  tanks  for  house  supply  are  so  small  that 
inimum  sections  will  generally  be  used. 

For  steel  tanks  ^-i-in.  plate  should  be  used  throughout. 

For  concrete  tanks,  the  walls  and  bottom  should  be  3  in.  thick.  The  circumferential  rods 
ould  be  /^'-in.  rounds  spaced  3  in.  on  centers,  and  the  vertical  rods  should  be  of  the  same 
ameter  spaced  1  ft.  on  centers.  For  the  bottom,  ,^^-in.  rods  should  be  used,  both  direc- 
3ns,  spaced  4  in.  on  centers  with  the  ends  bent  up  into  the  walls  6  to  8  in. 

For  wooden  tanks,  staves  and  bottom  should  be  not  less  than  1  }4,  in.  thick,  net.  The  rods 
ould  be  i?^-in.  rounds  spaced  6  in.  on  centers  near  the  bottom  and  12  in.  maximum  near  the 

P- 

If  the  tank  is  over  10,000  gal.  capacity,  it  should  be  designed  as  illustrated  in  Art.  2^2e. 

244.  Gasolene  Tanks. — Local  building  regulations  should  be  consulted  in  regard  to  gaso- 
ne  tanks  Good  practice  requires  gasolene  tanks  to  be  buried  in  the  ground  and  covered  with 
)t  less  than  5  ft.  of  earth;  and  to  be  placed  outside  the  walls  of  the  building.  Before  being 
aced,  tanks  should  be  given  a  heavy  coat  of  asphalt  paint.  After  being  set  in  place  with  all 
tings  attached,  and  before  being  covered,  they  should  be  tested  with  a  pressure  of  75  lb. 
:r  sq.  in. 

Gasolene  tanks  and  their  fittings  are  standardized  by  the  manufacturers,  and  their  standards  should  be  fol- 
wed.     The  thickness  of  s  hell  and  the  riveting  can  be  checked  on  the  basis  of  the  test  pressure  of  75  lb.  per  sq.  in. 

The  size  of  tank  may  be  limited  by  municipal  regulation.  The  quantity  to  be  stored  can  best  be  determined 
3m  the  needs  of  the  industry  served.  The  ordinary  tank-car  holds  about  10,000  gal.  If  purchased  by  the 
r-load,  the  storage  provided  should  be  about  50  %  in  excess  of  the  car-load. 

If  no  local  regulations  govern  the  construction  and  placing  of  the  tank,  it  should  conform  to  the  regulations 
the  National  Board  of  Fire  Underwriters  for  the  Installation  of  Containers  of  Hazardous  Liquids. 


WIND  BRACING  OF  BUILDINGS 

By  H.  J.  Burt 

It  is  assumed  that  wind  pressure  acts  horizontally  and  exerts  a  uniform  pressure  over  the 
itire  surface  of  the  windward  side  of  the  building.  Although  in  certain  localities,  as  along 
le  Gulf  Coast,  the  severe  storms  come  from  one  direction,  it  is  customary  to  assume  that  the 
aximum  pressure  may  be  in  any  direction.  In  designing  wind  bracing  it  is  not  considered 
cessary  to  take  into  account  the  suction  on  the  leeward  side,  the  greater  pressure  at  the  cor- 
rs  of  the  building,  or  the  variation  of  pressure  with  height.  It  is,  of  course,  permissible  to  take 
ivantage  of  the  protection  afforded  by  adjacent  permanent  buildings. 

245.  Wind  Pressure. — The  formula  commonly  used  for  expressing  the  relation  between 
ind  velocity  and  pressure  is:  P  =  0.004 F^,  in  which  V  is  the  velocity  in  miles  per  hour,  and 
the  pressure  in  pounds  per  square  foot.  This  formula  is  of  little  practical  use  because  of  the 
ticertainty  of  the  velocity  to  be  provided  for.  For  80  miles  per  hour,  it  gives  a  pressure  of  25.6 
per  sq.  ft. 
The  pressure  mo&t  commonly  used  is  20  lb.  per  sq.  ft.  of  projected  area.  This  is  required 
Y  building  codes  of  some  cities.  The  City  of  New  York  Building  Code  of  1917  requires  30  lb. 
jr  sq.  ft. 
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Where  legal  requirements  do  not  govern,  it  may  be  permissible  to  use  15  lb.  per  sq.  ft.  on  low  mil]  buildin 
where  storm  conditions  are  not  likely  to  be  severe.  There  are  otner  situations  where  30  lb.  or  even  40  lb.  per  t 
ft.  are  justified,  such  as  for  very  high  buildings  and  for  buildings  having  large  open  spaces  with  few  partitions  ai 
floors.  A  high  wind  pressure  should  also  be  used  in  the  design  of  towers  and  signs,  and  for  buildings  in  localitii 
subject  to  hurricanes. 

246.  Effects  of  Wind  Pressure. ^The  effects  of  wind  pressure  are:  (a)  a  tendency  i 
overturn  the  building  as  a  unit,  which  must  be  resisted  either  by  the  dead  weight  of  the  buildii 
or  by  anchorage;  and  (b)  a  tendency  to  collapse  the  building,  which  must  be  resisted  by  tl 
structural  parts  of  the  building. 

247.  Path  of  Stress. — The  wind  pressure  must  ultimately  be  resisted  by  the  foundatioi 
of  the  building.  It  is  applied  to  the  wall  surfaces,  including  windows;  it  is  then  transmitted  1 
the  floors  or  columns;  and  thence  through  the  structural  framing  or  cross-walls  to  the  found; 
tions.  The  path  must  be  continuous  and  as  direct  as  possible,  and  all  members  along  the  pal 
must  be  capable  of  transmitting  the  stress  in  addition  to  their  other  functions.  Several  alterna 
systems  of  bracing  may  be  devised  for  a  given  building.  The  one  to  be  preferred  structural 
is  that  which  is  most  direct  from  the  exposed  surface  to  the  foundations,  but  the  architectur 
requirements  may  compel  a  more  devious  routing.  "WTierever  possible,  advantage  is  take 
of  the  members 'required  by  the  gravity  loads,  enlarging  them  when  necessary. 

248.  Unit  Stresses. — As  maximum  wind  stresses  occur  only  at  infrequent  intervals  it 
allowable  to  use  a  higher  unit  stress  than  for  gravity  loads.     It  is  well  established  practice  1 
specify  that  for  stresses  produced  by  wind  alone  or  combined  with  gravity  stresses,  the  uni' 
may  be  increased  50%;  but  the  section  must  be  not  less  than  required  for  the  gravity  load 

249.  Resistance  to  Overturning. — The  wind  pressure  on  a  building  tends  to  rotate  it  aboi 
a  horizontal  axis  at  the  ground  level  or  at  the  foundation  level  on  the  leeward  side. 

Assume  a  masonry  building  40  X  100  ft.  in  plan,  and  120  ft. 
height.     The  maximum  overturning   moment  about  this  axis  is: 

100    (length)  X  120    (height)  X  20   (pressure)  X  60   (moment 
arm)  =   14,400,000  ft.-lb. 
To  determine  the  resisting  moment,  the  dead  weight  must  be  cod 
puted,    but   for   purpose  of  illustration  it  is  assumed  in  this  case 
be  6,000,000  lb.     The  resistance  to  overturning  is: 

Weight  X  M  width  =  6,000,000  X  20  =  120,000,000  ft.-lb. 
This  gives  a  wide  margin  of  safety.     The  ratio  of  resistance  to  ove 
turning  should  be  not  less  than  13-^  to  1. 

Assume  a  steel   mill    building  shown  in  section.  Fig.  394.     A- 
sume  panel  lengths   of   20  ft.,   and   that  each  panel  is  fully   bracei  kt 
transversely.     Then  the  overturning  moment  is: 

20  X  50  X  20  X  25  =  500,000  ft.-lb. 
Assume  that  the   computed   weight   of  one  panel  of  the  building 
16,000  lb.,  then  its  resisting  moment  is: 

16,000  X  20  =  320,000  ft.-lb. 
The    required  resistance  is  1>2  X  500,000  =  750,000  ft.-lb.      Thui 
anchorage  must  be  provided  for  750,000  -  320,000  =  430,000  ft. -11 
The  anchorage   and  weight    of   footing   required    at    A    (and  B) 


Fig.  394. — Section  through  mill  building  to 
illustrate  overturning  moment  of  wind  load. 

394. 


represented   by   the    couple    AB,    Fig 

430,000  ^  10,750  lb.     On  the  leeward  side  there  is  additional  pressure  on  the  foundation  amounting  to 

520^«  =  12,500  1b. 
40 

250.  Resistance  to  Collapse. — In  order  to  prevent  collapse  from  wind  pressure,  the  win 
bracing  must  transmit  the  horizontal  wind  pressure  to  the  foundations.  This  can  be  aecora 
plished  by  two  types  of  frame  work:  (1)  triangular,  Fig.  395,  having  axial  stresses,  and  (2 
rectangular  or  portal  framing.  Fig.  396,  having  bending  stresses. 

251.  Triangular  Bracing.— The  analysis  of  a  single  panel  of  triangular  bracing  is  shown  i 
Fig.  397.  The  wind  load  is  assumed  to  be  concentrated  and  is  represented  by  W.  The  hon 
zontal  reaction  at  the  foundation  is  R  =  W.     The  vertical  reaction  is  F  =  V  =  W  —■      Th 

stress  diagram  gives  the  stresses  in  a,  b,  and  c.     The  stresses  are  all  axial. 

The  system  of  triangular  bracing  may  be  extended  horizontally  and  vertically  by  additions 


zontal  shear  Wr  is  divided  equally  between  the  panels  of  the  third  story,  and  the  stresses  in  the 
members  of  the  third  story  are  determined  as  described  above.  If  the  panels  are  equal,  the 
stresses  of  corresponding  members  will  be  equal.  Each  intermediate  column  has  two  equal  and 
opposite  values  of   V,  which  cancel.     The  diagonal 

stresses  are  —^  X  cosec.  a. 

The  loads  of  the  third  story  are  transmitted  to 
the  next  lower  story  at  the  third  floor,  by  the  anti- 
roactions  Vi  and  V*  at  columns  1  and  4  and  by  the 
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panels,  as  in  Fig.  398.     The  wind  pressure  is  computed  for  each  story  and  applied  at  each  floor 
and  the  roof  levels,  as  represented  by  Wr,  W3,  etc. 

Beginning  at  the  top,  the  stresses  in  the  top  story  members  are  determined.     The  hori- 


r\ 


r\ 


Fig.  395. 


Fig.  396. 


Fig.  397. 


Wr 


at  columns  1,  2,  and  3.     To  these 


horizontal  shear 

Wi 
are  added  -^  and  the  second  story  stresses  are  de- 
termined as  before.      The  diagonal  stresses  in  this 

Wr  +  Wz  ^^ 
story  are ^ X  cosec.  p. 

The  horizontal  load  or  shear  to  be  resisted  in 
any  story  or  tier,  is  the  sum  of  all  the  horizontal 
loads  above  that  tier. 

If  the  panels  are  unequal  in  length,  each  must 
be  analyzed,  and  the  values  of  V  for  the  intermediate 
columns  will  not  fully  cancel.     However,  these  values,  which  are  column  stresses,  will  rarely 
require  any  additions  to  the  column  section  of  the  intermediate  columns. 

Having  determined  the  stresses,  the  sections  are  designed  using  unit  stresses  according  to 


Fig.  398. — Diagram  of  triangular  framing 
extending  over  a  building. 


y/ 


w 


a 


^a 


3' 


/^         r\ 


T 


Fig.  399. 


Fig.  400. 


Art.  248.  The  diagonals  carry  wind  stresses  only.  The  verticals,  which  are  the  building  col- 
umns, and  the  horizontals,  which  are  girders  or  joists,  must  be  investigated  for  the  effect  of  the 
combined  loads  and  may  need  to  be  modified  in  shape  of  section  or  increased  in  area  on  account 
of  the  wind  stresses. 
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252.  Rectangular  Bracing. * — A  rectangular  frame  with  hinged  joints  offers  no  resistance  to 
a  horizontal  force,  but  will  collapse  as  indicated  in  Fig.  399.  A  rectangular  frame  with 
rigid  joints  will  resist  a  horizontal  force  and  tends  to  distort  as  shown  in  Fig.  400.  In  so  dis- 
torting, the  members  take  the  form  of  reverse 
curves  with  points  of  contraflexure  at  mid- 
length. 

In  Fig.  401,  assume  hinges  at  the  points  of 
contraflexure  e,  f,  and  g.  The  bending  moments 
at  a,  b,  c,  and  d,  in  the  verticals  and  at  a  and  b  in 
the  horizontal,  are  equal,  with  a  value  of  }^WH. 


^^^rirTTTmri] 


Fig.  401. — Illustrating  wind  load  and  reactions 
on  a  stiff  bent. 


Fig.   402. 


In  addition  to  the  bending  stresses,  the  direct  stresses  are:  }^W  (compression)  in  ab,  V  =  3^11  y- 

H 
(compression)  in  bd,  and  V  =  ^iWj-  (tension)  in  ac.     Fig.  402  is  a  graphical  representation  of 

the  bending  moments. 


This  analysis  may  be  extended  to  any  number  of  panels,  and  any  number  of  stories.     This 
is  illustrated  in  Fig.  403.      Wi,  W2 Wr  represerit  the  wind  loads  at  the  several  floor 

'  The  analysis  here  given  is  applicable,  with  sufficient  accuracy,  to  rectangular  buildings  with  usual  spacings  of 
columns. 
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and  roof  levels.     Wb',  W i,  Wi',  etc.,  represent  the  shears  to  be  resisted  by  the  columns  in 

the  successive  stories,  and  in  each  case,  is  the  summation  of  all  the  wind  loads  above  that  level. 

Hb.  Hi,  etc.,  represent  the  story  heights. 

It  is  necessary  to  assume  the  distribution  of  the  shear  among  the  columns.     The  assumption 

L  TF'"  W 

here  made  is  —  for  the  shear  at  the  intermediate  columns,  and  -^  at  the  outside  columns, 

n  being  the  number  of  panels. 
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Floor  Plan 
Fig.  404. — Diagram  of  plan  and  elevations  for  computing  wind  load  moments  and  shears. 

The  bending  moment  in  an  intermediate  column  in  any  story  equals  the  total  shear  in  that 
tory  multiplied  by  half  the  story  height,  and  the  product  divided  by  the  number  of  panels. 
This  is  expresed  by  the  formula 

M  =  -^ — 
2n 

The  bending  moment  in  an  outside  column  is  one-half  that  in  an  intermediate  column,  or 

W'H 


M  = 


4rj 
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The  bending  moment  in  each  girder  connection  at  an  intermediate  column  is  the  mean 
between  the  bending  moments  in  the  column  above  and  below  the  girder.     It  is  expressed  by  * 
the  formula 


M 


^^\     2r 


He 

2n 


+ 


W'bHb 
2n 


)  =  ^  {W\H.  +  W'tHt) 


The  bending  moment  in  a  girder  connection  at  the  outside  column  is  the  same  in  amount 
as  at  intermediate  columns. 

In  the  above  formulas,  a  and  b  refer  to  two  adjacent  stories,  as  the  third  and  fourth.     The 
panel  length  does  not  affect  the  value  of  the  bending  moments. 

In  computing  the  shears  and  bending  moments,  the  totals  may  be  computed  for  each  story 
of  the  entire  building  and  these  totals  divided  among  the  girder  connections  and  the  columns  ; 
which  resist  them. 
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Tabulation    of    wind    loads,    and   resulting    bending  Tabulation    of    wind    loads,    and    resulting    bending 

moments.     Wind  from  North  or  South.  moments.     Wind  from  East  or  West. 

Fig.  405. 


In  addition  to  the  bending  stresses,  there  are  axial  stresses  in  the  horizontal  and  vertical  |g 


members.  The  stresses  in  the  horizontal  members  are  compressive  and  result  from  the  assumed 
distribution  of  the  shear  to  the  successive  columns.  Thus,  at  the  third  floor  level  the  compressive 
stresses  in  girders  are: 

1st  panel,  \\IV1W\;  2nd  panel,  ^IVlW'i;  3rd  panel,  1  IY1W\,  etc. 

The  axial  stresses  in  the  intermediate  columns  are  zero  if  the  panels  are  of  equal  length  but 
must  be  computed  for  unequal  column  spaces  and  the  resulting  stresses  combined  with  the  other 
stresses  in  the  columns. 

The  axial  stresses  in  the  outside  columns  can  best  be  determined  by  treating  the  structure 
as  a  unit,  for  overturning,  as  shown  in  Art.  249.  The  resulting  values  of  V  are  stresses  that 
must  be  taken  into  account  in  designing  the  columns. 
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Illustration  of  the  Computation  of  Wind  Bending  Moments. — Assume  the  building  illustrated  in  Fig.  404. 
le  exposed  area  is  from  the  ground  level  to  the  top  of  the  parapet  wall,  120  ft.  The  parapet  is  assumed  in  this  case 
be  5  ft.  above  the  roof  level  and  gives  a  load  area  at  the  roof  line  equal  (approximately)  to  the  load  area  at 
e  typical  floor.     The  wind  pressure  is  taken  at  20  lb.  per  sq.  ft. 

It  is  assumed  that  the  wall  construction  is  strong  enough  to  carry  tne  wind  load  to  the  floor  levels  and  that  the 
lor  construction  is  capable  of  distributing  the  load  into  the  steel  framing  at  the  points  where  the  resistance  is 
ovided.     The  computations  are  tabulated  in  Fig.  405. 

Consider  first  the  wind  from  north  or  soutti.  The  load  at  the  roof  level  =  11  X  12.5  X  20  =  27,500  lb.  (Fig. 
•5).  Similarly,  the  loads  at  the  successive  floors  are  computed.  The  accumulated  shears  in  the  successive  stories 
ginning  at  the  top  are  27,500,  55,000,  etc. 

The  total  bending  moment  in  the  columns  of  any  story  is  the  shear  in  that  story  multiplied  by  half  the  story 
ight.  Thus,  in  the  tenth  story,  M  =  27,500  X  ^^i  =  151,250  ft.-!b.;in  the  ninth  story,  302,500  ft.-lb.  The 
nding  moments  here  given  occur  at  the  top  and  at  the  bottom  of  the  column  section,  equal  in  amount  and  opposite 
direction.  In  the  basement,  the  moment  arm  is  the  story  height,  it  being  assumed  that  the  base  of  the  column 
not  fixed,  to  resist  bending,  but  is  fixed  against  sliding. 

The  total  bending  moment  in  the  roof  girders  is  the  same  as  the  total  in  the  tenth  story  columns,  151,  250  ft.- 
.;  in  the  tenth  story  girders  it  is  the  sum  of  the  bending  moments  in  the  tenth-story  and  ninth-story  columns, 
.,  453,700  ft.-lb.;  and  so  on  at  the  successive  floor  levels.  These  moments  are  the  totals  to  be  resisted  by  the 
rder  connections  to  the  columns. 

The  next  step  is  to  fix  the  number  and  location  of  the  girder  connections  that  will  be  provided  to  resist  the 
inding  moment.  In  the  north  and  south  direction,  provide  for  wind  bracing  along  the  column  lines  1  -  36,  17  -  42, 
—  38,  and  19  —  40,  Fig.  404,  and  make  all  connections  of  equal  strength.  This  gives  32  girder  connections, 
nong  which  to  divide  the  total  bending  moment  at  the  successive  floors. 

Considering  next  the  wind  from  the  east  or  the  west,  the  shears  and  moments  are  computed  in  the  same  manner 
described  above  and  are  recorded  in  Fig.  405.  In  the  east  and  west  directions,  wind  bracing  girders  can  be  used 
ong  column  lines  1  —  7,  17—19,  and  40  —  42  (or  36  —  38),  at  the  floor  levels  from  the  third  to  the  roof;  and  along 
ilumn  lines  1  —  7  and  36  —  42  at  the  first  and  second  floors.  In  the  upper  floors  (tnird  to  roof)  in  order  to  use 
le  shortest  route  for  the  stress,  40  %  will  be  taken  along  tne  column  lines  1  —  7,  and  60  %  divided  equally  along  the 
)lumn  lines  17—19  and  30  —  42.  Thus,  the  number  of  connections  available  in  the  first  group  is  12,  and  in  the 
icond  group  is  8.  On  this  basis,  the  bending  moments  to  be  resisted  by  the  girder  connections  are  computed  and 
ibulated.  At  the  first  and  second  floors  the  bending  moment  may  be  divided  equally  between  the  24  girder  con- 
3ctions  along  the  column  lines  1  —  7  and  36  —  42,  and  are  so  tabulated. 

If  the  interior  construction  permits,  it  is  desirable  to  use  winding  bracing  along  columns  17—19  in  the  first 
[id  second  floors.  In  this  case,  the  same  percentage  of  burden  will  be  assigned  to  them  as  in  the  upper  floors — • 
e.,  30  % — and  30  %  will  be  carried  along  columns  36  —  42. 

The  architectural  requirements  may  permit  the  interior  floor  girders  to  be  utilized  as  wind  bracing.  In  such 
ises,  the  distributions  of  the  total  bending  moment  will  be  made  according  to  the  conditions. 

If  the  basement  story  columns  are  embedded  in  masonry  walls  capable  of  developing  the  bending  resistance  in 
le  columns,  the  first  floor  girders  will  be  omitted. 

253.  Combined  Gravity  and  Wind  Bending  Moments  in  Girders. 

253a.  Shear. — The  vertical  shear  in  a  girder,  resulting  from  the  wind  load,  is 
function  of  the  horizontal  shears  above  and  below  the  girder,  of  the  story  heights,  and  of  the 
anel  lengths.     The  shear  can  be  expressed  by  the  formula  (Fig.  403) 

Shear  =  W-^^  +  ^'bHi 
2nL 

1  which  a  and  b  are  subscripts  indicating  two  adjacent  stories,  as  the  third  and  fourth,  n  = 
umber  of  panels,  and  L  =  panel  length. 

To  the  shear  thus  determined  must  be  added  the  shear  from  the  gravity  load.  The  result- 
ig  total  shear  is  small  compared  with  the  bending  stresses  in  the  girder  and  it  is  not  usually 
ecessary  to  take  it  into  account  in  designing  the  riveting  of  the  girder  connections.  It  will 
.ppear  in  the  design  of  these  connections  that  certain  rivets  near  the  axis  of  the  girder  get  small 
tresses  from  the  bending  moment.  These  rivets  can  be  assumed,  or  in  extreme  cases,  designed 
o  take  the  shear. 

2536.  Bending  Stresses. — The  typical  bending  moment  diagrams  are  shown  in 
^ig.  406: 

a.  For  wind  load  only. 

h.  For  gravity  load  only  on  a  restrained  beam. 

c.  For  combined  wind  load  and  gravity  load  on  a  restrained  beam. 

The  end  connections  for  the  girder  which  sustains  wind  load  only  must  be  designed  for  the 
noment  shown  in  Fig.  406  (a).  Both  ends  will  be  the  same,  inasmuch  as  the  numerical  values  are 
he  same  and  both  are  subject  to  reversal  of  stress  when  the  wind  pressure  is  applied  from  the 
•pposite  direction. 
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The  end  connections  for  the  girder  which  sustains  both  wind  load  and  gravity  load  must  h 
designed  for  the  maximum  moment  shown  in  Fig.  407.  Both  ends  will  be  designed  for  th 
bending  moment  as  the  wind  pressure  may  be  applied  from  either  direction. 

The  girder  section  will  be  designed  to  resist  the  ma: 

imum    bending   moment   applying   to   it.      Usually,  th 

critical  section  will  be  at  the  end  of  the  end  connectin 

<? '"""" """"""""""*■  "Hmiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii"       bracket  where  the  moment  is  materially  less  than  at  th 


Combined  Wind  and  Gravity  Loads 

Fig.  407. — Moment  diagram  for  combined  loads. 
Maximum  bending  moment  diagram. 


(b) 
Gravity  Load  Only 
Restrained  Ends. 

Fig.  406. — Moment  diagram,     (a)  For  wind  load.    (6) 
For  gravity  load  on  a  beam  with  restrained  ends. 

center  or  face  of  the  column.     If  the  gravity  load  moment  is  large,  the  maximum,  controlling  tl 
design  of  the  girder,  may  be  near  the  central  part  of  the  beam  as  shown  in  Fig.  407. 

254.  Design  of  Wind-bracing  Girders  an 
Their  Connections  to  Columns. — The  girder  sectio 
is  designed  in  the  usual  manner  to  resist  the  max 
mum  bending  moment.  The  make-up  of  the  sectic 
may  be  influenced  by  architectural  conditions,  sue 
as  vertical  space  available,  character  of  masonry  l 
be  supported,  etc.  To  illustrate  the  design  of  tl 
connections,  assume  an  example  as  follows  (Fi: 
408)  :i 

The    maximum  bending    moment  is   400,000  ft. -lb. 
4,800,000.   in.-lb.;   the  deptn  of  girder  is  3  ft.  0>2'  in.  back 
back  of  angles;  the  unit  stresses  to  be  used  are  50  %  in  excess 
those  allowed  for  gravity  loads. 

Rivets  Connecting  Girder  to  Column. — The  rivets  tkrouf 
the  end  angles  and  column  webs  are  field  driven,  J^-in.  dian 
eter,  and  on  the  tension  side  of  the  girder  (above  the  neutr 
axis  in  this  case)  are  in  tension.  As  in  a  beam,  the  unit  fib' 
stress  varies  from  zero  at  the  neutral  axis  to  a  maximum  : 
the  extreme  fiber;  so  the  unit  stress  in  these  rivets  varies  fro: 
zero  at  the  neutral  axis  to  the  maximum  allowable  amount : 
the  farthest  rivet. 

Then,  if  the  rivets  are  equally  spaced,  the  average  stre: 
is  one-half  the  maximum.  The  total  resistance  of  the  rive" 
is  the  average  value  of  one  rivet  multiplied  by  the  numb< 
of  rivets  in  the  tension  (or  compression)  group  represente 
by  t  (or  f);  the  centers  of  gravity  of  the  groups  are  at  th 
points  t  and  c.  The  moment  arm  is  the  distance  a  between 
and  c,  and  the  resisting  moment  is  a  X  <  (ore).-  The  nunibt 
of  rivets  required  is  determined  by  trial.  The  full  value  of 
54-in.  rivet,  field  driven,  in  tension  is  l^-j  times  4400  lb.,  c 
6600  lb.     Several  trials  lead  to  the  use  of  2S  rivets  on  each  sid 

6600  X  2S 


Fig.  408. — Design  of  wind  bracing  girder. 


of  the  neutral  axis.     The  value  of  t  is 


2 


■  =  92,400  lb 


The  moment  arm  a  is  54  in.,  and  the  resisting  moment  of  th 
joint  is  92,400  X  54  or  4,989,600  in.-lb.,  which  is  sligtitly  in  excess  of  the  bending  moment. 

t  Taken  from  Burt's  "Steel  Construction." 

2  This  is  not  exact,  for  the  rivets  on  the  compression  side  do  not  act,  the  compression  being  resisted  by  th 
direct  bearing  of  the  end  of  the  girder  against  the  column.     The  error  is  on  the  safe  side. 


Riuets  Connecting  End  Angles  to  Gusset  Plate.— Now  consider  the  rivets  connecting  the  end  angles  to  the  gusset 

ate.     The  method  is  the  same  as  that  for  the  connections  of  the  end  angles  to  the  column,  except  that  the  rivets 

•e  shop  driven  in  double  shear.     The  required  results  can  easily  be  obtained  by  comparison  with  field-driven  rivets. 

rith  one  row  of  rivets  there  will  be  one-half  as  many  (less  one).     One  shop  rivet  in  double  shear  is  good  for  15,840 

1  ..     This  is  greater  than  the  value  of  two  rivets  in  tension  (13,200  lb.),  hence  the  proposed  arrangement  is  satis- 

tl  .ctory.     It  gives  greater  strength  than  is  required. 

The  thickness  of  gusset  plate  required  to  develop  the  full  shearing  value  of  the  rivets  is  ij-is  in-     The  thickness 
iquired  for  the  actual  stress  is  ^is  in-i  which  will  be  used. 
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Fig.  409. 


Fig.  410. 


Bending  Stresses  in  Connecting  Angles. — No  accurate  determination  can  be  made  of  bending  stresses  in  con- 
cting  angles,  so  thickness  must  be  adopted  arbitrarily.  If  the  gage  line  of  the  rivets  is  not  more  than  2^^  in.  from 
16  back  of  the  angle,  the  thickness  should  be  ^g  in.  In  many  cases  wide  angles  with  large  gage  distance  must  be 
sed  in  order  to  match  the  gage  lines  in  the  column.  A  thickness  of  1  in.  seems  to  be  safe  to  a  gage  distance  of 
in.     Intermediate  values  may  be  interpolated. 

Gusset  Plate. — The  slope  of  the  gusset  plate  should  be  about  45  deg.,  but  may  vary  to  suit  conditions,  such  as 
earance  from  windows,  etc.     Stresses  in  the  gusset  plate  may  be  imagined  to  act  along  the  dotted  lines  shown  in 


V^'*^ 


m 


.■■■e'keyi-L 


/d-JS^-I 


"Rivets 


Fig.  411. 


Fig.  412. 


tie  figure  (Fig.  408).  On  the  tension  side  of  the  girder,  the  plate  is  in  tension,  and  on  the  compression  side  in 
ompression.  The  thickness  of  plate  required  for  rivet  bearing  is  sufficient  to  give  the  necessary  strength  on  the 
nsion  side,  but  on  the  compression  side,  stiffener  angles  may  be  required.  These  angles  can  be  designed  accord- 
ig  to  rules  similar  to  those  given  for  the  stiffeners  of  plate  girder  webs.  They  should  be  used  when  the  length 
f  the  diagonal  edge  of  the  plate  is  more  than  30  times  the  thickness.  The  leg  of  the  angle  against  the  plate  should 
e  of  suitable  width  for  one  row  of  rivets,  say  3,  33-^,  or  4  in.  The  outstanding  leg  may  vary  from  3  to  6  in.  A 
hickness  of  ?^  in.  is  usually  suitable;  it  may  be  made  more  or  less  to  be  consistent  with  size  and  thickness  of  the 
lain  members  of  the  girder.     For  the  case  illustrated,  two  3H  X  3>^  X  ^-in.  angles  will  be  used. 
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The  splice  of  the  gusset  to  the  girder  should  be  in  accordance  with  the  usual  practice  in  designing  plate  girde 
the  splice  being  made  to  transmit  the  bending  and  shear  at  this  point. 

In  Fig.  409,  the  web  of  the  girder  connects  directly  against  the  flange  of  the  column.  This  form  of  connecti 
is  suitable  for  girders  which  are  deep  in  proportion  to  the  bending  moment  which  they  must  resist.  The  method 
designing  the  connection  is  the  same  as  that  explained  for  Fig.  408,  except  that  the  rivets  are  in  single  shear  inste 
of  tension,  and  that  the  rivets  are  not  evenly  spaced,  hence  the  average  resistance  may  not  be  one-half  the  maximu; 
The  value  of  each  rivet  can  be  measured  from  the  diagram  at  to  in  the  figure.  Having  the  values  of  the  sevei 
rivets,  the  center  of  gravity  of  each  group,  i.e.,  the  positions  of  the  resultants  t  and  c  can  be  found  in  the  uav 
way. 

When  the  form  of  connection  shown  in  Fig.  409  is  not  adequate,  a  gusset  plate  can  be  used  connecting  direct 
to  the  flange  of  the  column.      It  involves  no  principles  or  methods  different  from  those  already  explained. 

End  Connections  for  I-beam  Girders. — I-beam  connections  for  resisting  bending  are  illustrated  in  Figs.  4] 
411,  and  412. 

The  detail  in  Fig.  410  is  similar  to  the  connection  shown  in  Fig.  409.  It  can  develop  only  a  small  part  of  t 
capacity  of  the  beam. 

The  detail  in  Fig.  411  also  can  develop  only  a  part  of  the  capacity  of  the  beam,  but  it  is  available  for  maki. 
use  of  the  floor  girders  in  the  upper  part  of  the  building  for  resisting  wind  stresses.  The  strength  of  this  connecti. 
is  limited  by  the  bending  resistance  of  the  connecting  angles  or  the  strength  of  the  rivets. 

Bracket  Connection. — The  connection  in  Fig.  412  can  be  made  to  develop  the  entire  net  bending  resistance 
the  beam  (deducting  for  rivet  holes  in  the  flanges).  The  connection  of  the  brackets  to  the  column  is  designed 
the  same  manner  as  described  for  the  gusset  plate  connection.  The  average  value  of  the  rivets  is  determined  frc 
the  diagram  as  at  to.  Fig.  409.  In  the  connection  of  the  brackets  to  the  beam,  all  the  rivets  are  figured  at  the  ma 
imum  value.     Their  resisting  moment  is  their  total  shear  value  multiplied  by  the  depth  of  the  beam. 


266.  Effect  of  Wind  Stresses  on  Columns.' 

255a.  Combined  Direct  and  Bending  Stresses. — The  bending  moment  on  tl  fef 
column  due  to  wind  loads  produces  the  same  sort  of  stresses  as  result  from  the  bending  momes  \p 
due  to  eccentric  loads  or  any  other  cause  producing  flexure.      The  e: 

Itreme  fiber  stress  is  computed  from  the  formula 
_  Mc 
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This  stress  is  added  to  the  stresses  resulting  from  the  direct  and  ecco 
trie  gravity  loads  on  the  column  to  give  the  maximum  fiber  stress. 

The  combination  of  the  direct  and  the  bending  stress  is  illustrated  i 
Fig.  413.  The  stress  from  the  direct  load  is  represented  b\-  the  rectang 
abed  and  the  unit  stress  by  ab.  The  stress  from  bending  is  represente 
by  the  triangles  bb'o  and  cc'o,  the  extreme  fiber  stress  being  bl  in  con 
pression  and  cc'  in  tension.  Then  the  maximum  fiber  stress  is  on  tb 
compression  side  and  is  ab  +  bb'.  Thus,  bb'  represents  the  increase  i 
stress  due  to  the  wind  load.  If,  as  is  usually  the  case,  bb'  amounts  t 
less  than  half  ab,  the  column  section  required  for  the  direct  load  nee 
not  be  increased  on  account  of  the  wind  stress,  because  of  the  increase 
units  allowed  for  combined  stress.  But  if  bb'  exceeds  one-half  of  ab  th 
combined  stress  will  govern  the  design  using  the  increased  unit  stress. 
On  the  tension  side  of  the  column,  the  wind  stress  will  very  rarely  b 
great  enough  to  overcome  the  direct  compression.  And  if  there  shoul 
be  a  reversal  of  stress,  there  cannot  be  tension  enough  to  require  an 
addition  to  the  section.  It  frequently  occurs  that  the  wind  bracin 
girder  connects  to  the  column  in  such  a  position  that  one  side  of  the  column  must  resist  prac 
tically  all  the  wind  stress.  With  these  conditions,  only  one-half  the  column  section  should  b 
used  in  computing  the  resulting  extreme  fiber  stress. 

2556.  Design  of  Column  for  Combined  Stresses. — The  procedure  in  designin; 
the  column  section,  when  the  combined  wind  and  gravity  loads  govern,  is  the  same  as  for  column 
with  eccentric  loads.     The  equivalent   concentric  load  is  given  by  the  formula 

1  From  Burt's  "  Steel  Construction, "  published  by  American  Technical  Society,  Chicago. 


Fig.   413. 
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L.S  applied  to  wind  load  (refer  to  Fig.  414),  W'w  is  the  equivalent  concentric  load,  i.  e.,  the  direct 
)ad  that  would  produce  the  same  unit  stress;  W  is  the  horizontal  shear  which  is  assumed  to  be 
arried  by  the  column  under  consideration  and  is  assumed  to  be  applied  at  the  point  of  con- 
raflexure  of  the  column;  e  is  the  moment  arm  expressed  in  inches,  hence  We  is  the  bending 
loment  in  inch-pounds  at  the  section  under  consideration;  c  is  the  distance  from  the  neutral 
xis  of  the  column  to  the  extreme  fiber  on  the  compression  side;  r  is  the  radius  of  gyration 
f  the  column  in  the  direction  under  consideration.  The  critical  section  of  the  column  is  at 
he  top  of  the  bracket,  as  the  bracket  has  the  effect  of  enlarging  the  column  section,  so  the 
istance  e  is  measured  to  that  point. 

To  illustrate  the  use  of  the  formula,  assume  the  following  data:  direct  or  gravity  load  on  column  is  480,000  lb; 
7'  is  13,000  lb.;  e  is  30  in.;  c  is  7  in.;  and  r  is  3.5  in.     Then 

PF'.=^'t^^°50)»Z)^  223,000  ,b. 


460,000/b. 

fhfnf  ofconhv-  //exure 

.-.Shear  from  un/fprm/y , 
/{(f/stribufed  gravify  /oad 


(3.5) (3.5) 

s  this  is  less  tlian  half  the  gravity  load,  no  additional  section  is  required  on  account  of  the  wind  loads.     This  will 
sually  be  the  case  except  possibly  at  corner  colunns. 

256.  Masonry  Buildings. — Brick  buildings  with  fireproof  floors  or  even  with  wood  floors 
lo  not  ordinarily  require  wind  bracing.  The  floors,  acting  as  horizontal  girders,  will  carry 
he  loads  to  the  end  walls  which  will  transmit  them  to  the  foundations.  Nevertheless,  the 
i^ind  loads  on  such  cases  should  be  figured  to  determine  whether  any  strengthening  is  required 
t  special  points. 

257.  Wood  Frame  Buildings. — Ordinary  wood  frame  dwellings  and  similar  buildings  are 
ufficiently  braced  by  the  sheathing  and  plastering  of  the  walls  and  by  the  partitions.  How- 
ver,  if  the  building  is  unusually  large  or 
ubject  to  unusual  exposure,  the  case 
hould  be  studied,  and  bracing  added  if 
ny  doubt  exists.  Diagonal  members 
an  be  introduced  into  the  walls  and  par- 
itions,  particularly  at  the  corners.  If 
uch  buildings  are  high  compared  with 
heir  width,  the  overturning  resistance 
hould  be  investigated. 

Large  frame  structures,  such  as  tem- 
)orary  auditoriums,  should  be  provided 
vith  a  definite  system  of  wind  bracing 
lesigned  in  accordance  with  the  methods 
lescribed  for  mill  buildings,  or  the  prin- 
iples  previously  described. 

258.  Mill  Buildings.— A  type  of 
)uilding  much  used  for  storage  and 
aanufacturing  purposes  is  a  one-story 
tructure  of  steel  frame  construction  with 
)ne  or  more  wide  aisles,  spanned  by  roof  trusses.  The  weight  of  the  structure  is  usually  small 
ompared  with  wind  pressure.     The  bracing  of  such  a  building  is  illustrated  in  Fig.  415. 

If  the  sides  are  covered  by  corrugated  steel  or  other  light  sheathing,  the  covering  will  be 
ittached  to  horizontal  girts  extending  from  column  to  column.  They  will  be  designed  as 
imple  beams  to  resist  the  wind  pressure. 

258a.  Wind  Pressure  on  the  End  of  the  Building. — The  intermediate  end  posts 
jxtend  from  the  ground  level  to  the  underside  of  the  truss  in  the  case  illustrated,  but  maj'  ex- 
end  to  the  roof,  the  end  truss  being  omitted.  These  posts  are  designed  as  beams  to  resist  the 
vind  loads  carried  to  them  by  the  girts. 

The  reactions  at  the  tops  of  the  posts  and  wind  load  on  the  lower  half  area  of  the  gable  are 
jarried  into  the  horizontal  truss,  whose  chords  are  the  bottom  chords  of  the  roof  trusses  and 
vhose  web  members  are  as  shown  in  the  bottom  chord  plan.  This  truss  delivers  its  load  into 
;he  eaves  strut  which  may  be  a  combination  of  roof  purlin,  girt,  and  strut. 


540,0CX>/b. 


Fig.  414. 
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Half  Plan  of  Bottom  Chondi  Bracing 


The  wind  pressure  on  the  top  half  area  of  the  gable  is  carried  in  the  truss  in  the  roof  plane 
This  truss  is  made  up  of  the  top  chords  of  the  roof  trusses  and  the  web  members  between.     Th.  :■ 

strut  at  the  ridge  may  be  made  of  the  ridg.  f^ 
purlins  suitably  stiffened  to  resist  compres  t^ 
sion.  This  truss  also  delivers  its  load  to  tbl* 
eaves  strut. 

From  the  eaves  strut  the  load  is  carriec 
to  the  foundation  b}'  the  diagonals  shown  ii 
the  end  panels  of  the  side  elevation. 


Half  Plan  of  Roof 


Some  of  the  diagonal  members  shown  are  redundant 

but    are   useful   in   preventing  vibration  and  for  bracini 

during  erection.     The   members  shown   in  the  unbracec 

panels  of  the  bottom  chord   of  the  roof  trusses  serve  ti 

hold  the   bottom   chords  in  line  and    prevent    bucklinj 

should   the   wind  pres 

sure  on  the  sides  pro 

duce  reversal  of  stres: 

in  the    bottom     chord 

The  diagonal  member 

may  be   either  adjust 

able  rods,  or  structura 

shapes,    the   latter  be 

ing  generally  preferred 

The  arrangement 

Side  Elevation  Section  "^  ^^^  bracing  may  be 

varied  from  that  showi 

Fig.  415.— Bracing  for  typical  mill  building.  to      suit      conditions 

.  J       ,.       .  .  The     important     con 

sideration  is  to  provide  a  contmuous  path  fo.  the  stress  from  the  point  of  application  of  the  load  to  the  foundations 

2586.  Wind  Pressure  on  the  Side  of  the  Building.— For  resisting  the  wind  pres 

sure  on  the  side  of  the  building,  each  bent  is  treated  as  a  separate  self-supporting  unit.     Fo 

method  of  determining  the  resulting  stresses,  see  chapter  on  "Detailed  Design  of  a  Truss  wit! 

JCnee-Braces." 
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BALCONIES 
By  H.  J.  Burt 

A  balcony  usually  involves  cantilever  beams  or  brackets. 

259.  Cantilevers.— Fig.  416  shows  a  beam  resting  on  the 
supports  A  and  B.  The  overhanging  end  forms  a  cantilever 
for  carrying  the  balcony  load.  The  maximum  bending  mom- 
ent of  the  cantilever  is  at  the  support  B,  likewise  the  ma.ximum 
shear.  The  bending  moments  and  shears  must  be  computed 
also  for  the  portion  of  the  beam  between  A  and  B.  After 
computing  the  bending  moments  and  shears,  the  beam  section 
can  be  designed  in  the  usual  manner.  The  moments  and 
shears  are  diagrammed  in  Fig.  416. 

For  a  steel  or  wood  beam  of  uniform  cross  section,  the 
bending  moments  at  O  (Fig.  416)  will  govern.  For  a  concrete 
beam  or  slab  the  reinforcement  is  arranged  to  correspond 
with  the  bending  moments  throughout  the  length  of  the  beam. 

The  span,  the  overhang,  and  the  conditions  of  loading 
may  be  such  that  the  maximum  bending  moment  occurs  at  B. 
There  may  be  no  negative  bending  moment  between  A  and  B, 
in  which  case  there  will  be  an  uplift  at  A. 


lload-  lOOQ/bperhnearfiot^ 


.16-0'.. 


l5,lB5Jb^_ 


6'-0' 


Bending  Moment 
Diagram 

416. — Stresses  in  a  canti- 
lever beam. 


Fig. 


k 


a. 

IB 
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In  case  it  is  necessary  to  have  a  cantilever  steel  beam  flush  on  top  with  the  girder,  as  shown 
Fig.  417,  the  cantilever  must  be  spliced  to  transmit  the  bending  moment.  The  top  flange 
eing  in  tension  is  spliced  with  a  strap  designed  to  transmit  the  top  flange  stress.  The  bottom 
ange  being  in  compression,  maybe  spliced  by  two  angles  or  bent  plates  as  shown,  which  will 
Iso  transmit  the  shear  into  the  girder. 
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Fig.  417. — Splice  in  cantilever  beam  (steel). 


Fig.  418. — Concrete  cantilever,  monolithic  with  supporting  girder. 

A  wood  cantilever  can  be  spliced  in  the  same  manner,  but  such  a  detail  is  not  satisfactory. 

In  the  similar  case  with  concrete  construction,  the  girder  and  cantilever  are  cast  mono- 
thic,  the  rods  of  the  cantilever  running  through  the  girder  (Fig.  418). 

If  the  projection  of  the  balcony  is  large,  a  cantilever  truss  is  required.     This  condition 
ccurs    in    theatres.      The    governing    lines 
sually  allow  ample  depth  for  an  economi- 
al  truss.      Fig .  419  is  a  diagram  of  a  truss 
ar  this  purpose. 

260.  Brackets. — A  projecting  member 
rhose  moment  is  balanced  by  being  con- 
ected  to  some  rigid  member  as  a  column  or 
wall,  is  here  designated  as  a  bracket,  in 
ontra-distinction  to  the  cantilever  beam 
reviously  described  where  the  moment  of 
he  projecting  arm  is  balanced  by  the 
ortion  of  the  beam  between  the  supports  A 
nd  B  (Fig.  416). 

Fig.  420  illustrates  three  types  of 
rackets:  (a)  is  a  beam  section  rigidly  at- 
ached  to  the  supporting  member,  (6)  is  a 
riangular  bracket  whose  members  are  sub- 
set to  axial  stress,  and  (c)  is  a  truss.      The 


Fig.  419. — Cantilever  truss  for  a  theatre. 


Fig.   420. — Three  types  of  brackets. 


)ending  moments  and  shears  for  various  conditions  of  loading  are  the  same  as  for  cantilever 
)eams.  These  moments  and  shears  govern  the  connections  of  the  brackets  to  the  columns 
)\'  other  supporting  members.  The  connection  to  the  supporting  member  is  of  vital  importance 
or  type  (o),  as  the  small  depth  of  the  bracket  makes  it  more  diflficult  to  design  the  necessary 
)ending  resistance  for  this  type,  than  for  types  (6)  and  (c). 
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f?esisting 
Couple 


Fig.  421  shows  the  connection  of  an  I-beam  bracket  to  the  face  of  a  column  by  means  c 
top  and  bottom  connecting  angles.  The  bending  moments  of  the  bracket  load  must  be  bai 
anced  by  the  resisting  couple  of  the  rivets  through  the  flanges  of  the  beam  acting  in  shear.  I 
must  also  be  balanced  by  the  resisting  couple  of  the  rivets  connecting  the  angles  to  the  face  c 

the  column,  the  rivets  in  the  top  angle  being  in  tension,  aa 
an  equal  compressive  value  being  taken  at  the  rivets  in  th 
bottom  angle.  These  latter  rivets  are  not  actually  stresse 
from  the  bending  moment,  but  should  be  designed  to  carr 
the  direct  shear  from  the  load  on  the  bracket.  The  dept 
of  beam  used  will  generally  be  such  as  will  give  sufficien 
moment  arm  for  the  resisting  couples.  Its  section  will  b 
greater  than  is  required  for  the  bending  moment  of  th 
bracket,  as  it  is  not  practicable  to  devise  a  connectio 
that  will  develop  the  full  bending  resistance  of  the  beam. 
In  Fig.  422  a  channel  bracket  is  riveted  to  the  face  c 
the  column.  The  resisting  moment  of  the  rivets  should  b 
computed  as  a  polar  moment  about  the  point  p,  the  rivet 
having  the  longest  radius  being  taken  at  their  maximur 
shear  value  and  the  others  proportionately  less.  The  poi 
tion  of  shear  value  of  the  inner  rivets  not  effective  in  computing  the  resisting  moment  can  b 
utilized  in  resisting  the  direct  shear  of  the  bracket  load. 

The  foregoing  principles  will  apply  in  detailing  other  formsof  connections  of  steel  beams  an 
channels  to  columns  (see  Figs.  423A  and  423B). 


5hear  value  of 

>"  rivets  in  fop  flange 

Depfh  of  beam 
y  i:--5hear  ya/ue  of  rive fs 
In  boffom  flange 


Rfesisting 
Couple 


!£••■  Tension  value  ofrlrefs 
in  fop  connecling  angle 

■  Disfance  befiveen  cerrfers 
ofr/yefs  in  connecting  angles 

: Pressure  against 

>         column 


Fig.  421. — Connection  of  I-beam 
bracket  to  face  of  column. 


-P  'f  yi 


\\  ^  ^^ 


Fig. 


422. — Channel  bracket  riveted 
to  face  of  column. 


Fig.  423 a. — Channel  bracket  con- 
nected to  face  of  column. 


Fig. 


423B. — I-beam  bracket  on 
side  of  column. 


Wood  beams  are  not  well  suited  for  use  as  brackets,  but  where  employed  the  connections  are  detailed  in  a  sim 
lar  manner. 

Concrete  beams  used  as  brackets  are  cast  integrally  with  the  columns.     These  can  advantageously  be  made  t 
variable  cross  section  in  order  to  easily  develop  the  necessary  shearing  and  bending  resistance  at  the  connection  t 
the  column,  and  to  meet  architectural  requirements.     Fig.  424  illustrates  a  concrete  bracket.     Being  cast  integn 
with   the  column,   the  entire  strength   of  the  section  adjacent  to  the  column  is 
available  and  is  designed  in  the  same  manner  as  a  concrete  beam. 

The  triangular  bracket,  type  (6)  Pig.  420,  gives  a  greater  effective  depth 
than  the  beam  bracket  and  correspondingly  less  stress  on  the  connections.  In 
Fig.  425  assume  the  load  applied  at  the  end  of  the  bracket.  The  resisting 
couple  is  formed  by  T  and  C,  and  the  vertical  shear  at  the  column  connection  is 
y.  The  stresses  in  the  members  to  and  n  are  determined  by  the  stress  diagram, 
and  are  axial  stresses.  From  the  stresses  and  reactions,  the  members  m  and  n, 
and  the  connections,  are  designed  in  the  usual  manner.  The  case  illustrated 
is  steel  construction. 

The  load  may  be  so  applied  that  the  top  chord  is  subjected  to  bending  as  well 
as  direct  stress,  and  it  must  be  so  designed.  In  this  case  there  will  be  vertical 
shear  to  be  resisted  at  both  the  upper  and  lower  connections  (Fig.  426). 

The  triangular  bracket  can  be  made  of  wood  using  details  similar  to  those  used  in  wood  trusses, 
tions  at  T  and  at  the  outer  end  of  the  bracket  require  careful  attention. 

Concrete  may  be  used  for  triangular  brackets,  but  there  is  little  need  to  do  so  as  its  advantages  can  be  secur«( 
in  the  beam  type  previously  described. 


Fig.  424. — Concrete  bracket 


The  connec 
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Fig.  425. — Triangular  bracket  stresses  from  end  load. 
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The  trussed  bracket  is  a  development  of  the  triangular  bracket.  A  stress  diagram  is  required  to  determine 
le  stresses  in  the  truss  members.     The  members  and  connections  can  then  be  designed. 

This  type  is  especially  adapted  to  steel  construction.  It  can  be  built  of  wood  or  concrete  if  the  conditions 
arrant. 


Fig.  426. — Triangular  bracket  stresses  from 
distributed  load. 
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Fig.   427. — Bracket  on  side  of  plate  girder. 


Fig.  428. — Floor  framing  of  balcony. 
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Brae  tfef. 


Brac'(ef 


Fig.  429. — Floor  framing  of 
balcony. 


Fig.   430. — Framing  for  curved 
balcony. 


Fig.  431. — Approximate  computa- 
tion for  curved  balcony. 


260o.  Effect  on  Column. — A  bracket  attached  to  a  column  produces  a  bending 
aoment  in  the  cohimn  equal  to  the  bending  moment  of  the  bracket  loads.  The  column  section 
aust  be  designed  accordingly  by  the  methods  given  in  the  chapters  on  "Eending  and  Direct 
Stress"  in  Sect.  1.  It  may  be  counteracted  by  a  beam  or  girder  connection  on  the  opposite 
ide  of  the  column,  so  designed  as  to  resist  the  moment  of  the  bracket. 
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2606.  Effect  of  a  Bracket  on  the  Side  of  a  Girder. — It  is  sometimes  necessai 
to  attach  a  bracket  to  the  side  of  a  plate  girder  (Fig.  427).  This  produces  a  torsional  momei 
in  the  section  of  the  girder.  While  the  girder  may  have  ample  strength  to  resist  the  torsion 
stresses,  it  may,  nevertheless,  deflect  laterally  beyond  permissible  limits.  It  is  therefore,  d 
sirable  to  provide  a  more  direct  resistance.  This  can  be  accomplished  by  anchorage  into  tl 
floor  construction,  by  suitable  connections  of  joists,  or  by  beams  or  brackets  extending  back  ' 
an  anchorage.  Either  of  these  devices  acting  with  the  bracket,  produces  the  equivalent  of 
cantilever  beam  giving  a  vertical  reaction  only  at  the  supporting  girder. 


Fig.   432. — Balcony  framing  plan. 

261.  Floor  Framing  of  Balcony. — The  cantilevers  or  brackets  serve  as  the  main  supportin 
members  of  a  balcony.  They  may  be  close  enough  together  to  serve  as  the  joists,  the  floe 
construction  spanning  from  one  to  another  (Fig.  428).  This  is  usually  the  condition  when  car 
tilever  beams  are  used.  In  other  cases,  the  brackets  may  be  equivalent  to  girders,  and  joisi 
be  required  to  support  the  floor  (Fig.  429).  The  outer  joist  or  the  ends  of  the  bracket  may  hav 
to  support  some  special  load,  such  as  a  railing. 

The  floor  framing  presents  no  problems  essentially  different  from  those  discussed  under  the  subject  of  fioon 
The  materials  of  construction  of  the  cantilevers,  brackets,  and  floors  of  balconies  will  usually  be  governed  b. 
the  materials  of  the  main  structure. 

262.  Curved  Balconies. — Fig.  430  illustrates  a  curved  balcony.  The  upper  panel  is  show) 
having  cantilever  beams  for  the  supporting  members.  This  form  is  preferable  for  curved  o 
irregular-shaped  balconies. 
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FiG.   433. — Cantilever  trusses. 


If  the  conditions  preclude  the  use  of  cantilevers,  the 
curved  member  must  serve  as  a  support,  as  shown  in  the 
lower  panel  of  Fig.  430.  An  accurate  determination  of 
the  stresses  in  the  curved  member  is  not  practicable  but 
a  safe  approximation  is  as  follows: 

In  Fig.  431,  let  m  be  the  curved  member,  n  and  p  the  sides  of  a 
rectangular  balcony  circumscribing  the  curved  balcony.  Then  re 
represents  the  bracket  of  a  rectangular  balcony.  Determine  the  total 
load  on  the  curved  balcony  and  from  this  load  compute  the  connec- 
tions required  as  if  supported  by  brackets  n.  Use  these  connections 
for  the  curved  beam.  Make  the  section  of  the  curved  beam  not 
less  than  would  be  required  for  the  member  p  of  a  rectangular  bal- 
cony. Anchor  the  curved  beam  to  the  floor  construction  of  the 
balcony  so  that  the  top  and  bottom  flanges  cannot  buckle  laterally. 


Frame  S 
BL'-4y3'xi'-7r 
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p^-FrvnfofJo/sf  curved 


Top  offruss 


Fig.   4.3.5. 


rrome  U 
Fig.  434.  — Cross  frames  betweeij  ca,ntilevers, 


263.  Theatre  Balcony  Framing. — Reference  has  been 
made  to  the  form  of  cantilever  truss  used  for  theatre 
balconies.  A  typical  truss  is  shown  in  Fig.  419.  In 
Fig.  432  is  shown  the  framing  plan  of  a  theatre  balcony. 

The  cantilever  trusses  X,  F,  and  Z  are  set  radially. 
They  a,re  braced  for  lateral  stiffness  by  the  cross  frames 
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R,  S,  T,  and  U.     The  outlines  and  meml)ers  of  the  cantilever  trusses  and  the  cross  frames  are  ' 
shown  in  Figs.  433  and  434. 

The  shape  of  the  top  chord  of  the  truss  is  governed  by  the  slope  of  the  bank  of  seats  and 


\ 


Section   "AA' 
Fig.   437. — Concrete  cantilever. 

the  floor  level  back  of  the  seats.  At  the  front  is  a  shallow  projecting  member  to  support  the 
aisle  along  the  balcony  rail.  The  construction  at  this  place  must  be  as  thin  as  it  can  be  made, 
because  of  sight  lines  for  the  seats  below  the  balcony.     The  shape  of  the  bottom  chord  is  con- 


}ec.  3-264] 


STRUCTURAL  DATA 


ii]( 


rolled  by  the  lower  sight  lines  and  clearance  for  passages  and  stairways, 
lecessary  to  provide  a  passage  through  one  or  more  of  the  trusses. 

Fig.  435  shows  the  consrruction  of  the  floor  or  banks  of  the  balcony. 
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A  balcony  built  of  reinforced  concrete  is  shown  in  Figs.  436  and  437.  The  cantilevers  in  this  case  are  eup- 
orted  by  a  steel  girder  which  spans  the  entire  width  of  the  theatre.  At  the  rear  is  a  passageway  through  the  can- 
ilever;  in  front  of  this  is  an  opening  which  serves  to  reduce  the  weight,  and  which  may  be  used  as  a  passage  for  air 
lucts  of  the  ventilating  system.  The  drawings  show  the  conditions  of  the  problem  with  sufficient  clearness  so  that 
10  detailed  explanation  is  required. 


LONG  SPAN  CONSTRUCTION  FOR  OBTAINING  LARGE  UNOBSTRUCTED 

FLOOR  AREAS 

By  H.  J.  Burt 

For  certain  purposes  it  is  necessary  to  have  large  clear  floor  areas  free  from  columns. 
Such  spaces  are  required  for  ball  rooms,  dining  rooms,  lobbies,  auditoriums,  and  various  special 
lituations. 

If  the  clear  space  is  on  the  top  floor  of  the  building  with  only  the  roof  to  be  supported  over  it, 
trusses  or  arches  can  be  used.  This  case  does  not  come  into  the  purview  of  this  chapter.  The 
ases  to  be  considered  here  are  those  in  which  the  clear  area  is  in  the  lower  part  of  the  building 
!o  that  large  weights  must  be  supported  overhead. 
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Fig.  438. — Clear  space  with  column  omitted  full 
height  of  building. 
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Fig.  439. — Clear  space  with  girder  over. 


264.  The  General  Problem. — The  predominant  condition  is  the  support  of  very  heavy 
loads.  Every  case  is  a  special  one,  so  there  can  be  no  approach  to  slandarization.  The  depth, 
span,  and  load  conditions  are  such  that  the  shearing  stresses,  deflections,  secondary  stresses, 
and  details  of  construction  may  require  special  attention. 

265.  Examples. — A  simple  case  is  the  omission  of  an  intermediate  column  in  a  lower  story. 
There  are  two  solutions  of  this  case  shown  in  Figs.  438  and  439. 

The  scheme  shown  in  Fig.  438  requires  long-span  shallow  girders  with  relatively  light  loads.  The  depth  of 
;hese  girders  will  be  greater  than  the  short  span  girders  of  Fig.  439  and  may  encroach  unduly  on  the  headroom  of 
he  typical  stories.  It  will  be  used  where  there  is  sufficient  headroom  and  where  there  is  not  sufficient  depth  for 
the  heavy  girder  required  in  the  scheme  shown  in  Fig.  439.     Deflection  may  be  an  important  consideration. 
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The  second  scheme  requires  a  long-span  girder,  usually  of  limited  depth  with  a  heavy  concentrated  load  at  o 
near  the  center  of  the  span.  This  is  usually  more  economical  than  the  scheme  shown  in  Fig.  438  and  is  used  wher 
there  is  available  space  for  the  depth  of  the  girders. 

Fig.  440  gives  the  details  of  a  girder  supporting  an  offset  column  and  Fig.  441  is  a  diagran 
showing  the  position  of  the  column  above  and  the  supporting  columns  below. 
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Fig.  440. — Details  of  a  girder  carrying  an  offset  column. 
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This  arrangement  occurs  at  the  fourth  floor  of  a  17-story  hotel  building.'  The  upper  segment  of  columns  3; 
carries  the  court  wall  and  floors  of  the  upper  stories.  The  girder  section  consists  of  two  plate  girders  tied  togetne 
with  batten  plates.  The  use  of  two  girders  permits  simple  connections  to  the  supporting  columns  without  eccentric 
ity.     The  two  webs  are  needed  to  carry  the  shear.     The  details  requiring  special  attention  are  the  bearing  plati 
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Fig.  441. — Part  plan  fourth  floor  framing  showing  position  of  offset  column,  Fort  Dearborn  Hotel,  Chicago,  111 

and  stiffeners  of  the  supported  column,  the  stiffeners  at  the  loaded  point  designed  to  carry  the  load  into  the  girder 
webs,  the  connections  to  the  supporting  columns,  and  the  spacing  of  rivets  connecting  flange  angles  to  web. 

Figs.  442,  443,4442  illustrate  a  special  situation  which  occurs   in    hotel  buildings.     The 
typical  floor  layout  governs  the  placing  of  the  columns  in  the  upper  stories — i.e.,  they  must 

1  Fort  Dearborn  Hotel,  Chicago,  III. 
2  Deming  Hotel,  Lafayette,  Ind. 
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e  on  one  or  both  sides  of  the  corridor.  In  the  lower  stories  in  this  case,  two  cohimns 
re  not  permissible  and  the  single  column  which  is  permitted  must  be  under  the  center  of  the 
orridor  of  the  upper  stories.  Hence,  there  must  be  an  offset  at  the  second  floor  level.  Two 
onsiderations  lead  to  the  use  of  twin  columns  above:  (1)  the  resulting  symmetry,  shorter 
pan,  and  lighter  floor  construction  of  the  upper  floors;  and  (2)  the  smaller  shear  in  the  girder 
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Fia.  442. — Part  sectional  elevation  showing  twin 
columns  above  and  single  columns  below. 


Fig.  443. — Part  second  floor  framing  plan  showing 
position  of  offset  columns. 


arrying  the  ofifset.  This  latter  item  is  quite  important  in  this  case  as  the  headroom  allowed  is 
ery  limited.  Even  with  the  twin  columns  it  was  necessary  in  the  design  shown  to  use  the  con- 
rete  casing  of  the  steel  girder  to  assist  in  carrying  the  load  (Fig.  444).  In  cases  of  this  kind,  if 
ither  of  columns  A  ox  B  (Fig.  442)  can  be  extended  through  the  lower  stories,  it  will  be  better 


tttr 


Girder  G-5 
Fig.   444. — Detail  of  girders  supporting  offset  columns. 

)  use  only  the  one  row  of  columns  and  avoid  the  girder  at  the  second  floor.  The  girder  is 
mally  more  expensive  and  objectionable  than  the  unsymmetrical  construction  above  (Fig. 
15  is  an  illustration  of  this  arrangement).  If  both  A  and  B  can  be  extended  through  the  lower 
ories,  it  is  advantageous  to  do  so  and  avoid  the  girders. 
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The  situation  at  the  corners  of  the  building  is  illustrated  in  Fig.  446.  Columns  A  and  B  are  supported  on  th 
girder  shown  in  section  V-  V.  The  loads  of  the  upper  columns  are  nearly  balanced  over  the  lower  column,  but  th 
girder  extends  to  the  corner  column  which  takes  whatever  reaction  is  required  to  balarce  the  loads. 


f'J'f€       /S'-7i'-     . 


Section  Vv* 


Fig.  445. — Showing  method  of  avoiding  offset  columns  and      Fia.   446. — Offset  columns  at  corner  of  building, 
resulting  heavy  girders  by  using  unequal  panel  lengths. 


ia  Sa/le  Shvel- 
Fig.  447.— La  Salle  Hotel,  Chicago,  111. 


The  Hotel  LaSalle,  Chicago,  111.,  presents  a  number  of  examples  of  clear  space  requirements 

Fig.  447  is  a  plan  of  the  first  floor,  which  shows  a  Lobby  about  61  X  74  ft.,  a  Dining  Room  about  51  X  80  ft 
and  a  Buffet  about  33  X  60  ft.     Over  the  Buffet  is  a  room  on  the  mezzanine  floor  having  the  same  dimen.<dons. 


ic 


The  Lobby  is  under  the  light  court  of  the  building  so  that  the  framing  over  it  carries  only  the  roof,  but  the 
jondHions  are  such  that  ordinary  roof  trusses  could  not  be  used.  The  framing  used  is  shown  on  Fig.  448.  There 
»re  eight  brackets  projecting  from  the  side  columns.  These  brackets  support  a  rectangle  of  plate  girders,  which  in 
turn  carry  the  minor  framing  members. 

The  Dining  Room  is  so  proportioned  that  it  requires  the  full  height  of  the  first  and  mezzanine  stories,  so  that 
no  space  is  available  below  the  second  floor  for  the  girders.  Very  heavy  girders  are  required  to  support  the  18 
floors  above.  The  entire  depth  of  the  second  story  is  used  for  these  girders.  In  this  way  an  overall  depth  of  about 
14  ft.  is  available  for  the  girders  having  50-ft.  span.  In  order  to  obstruct  the  second  floor  space  as  little  as  possible 
and  to  make  the  space  between  girders  available  for  use,  an  opening  is  provided  through  each  girder  for  the  corridor. 
There  are  three  of  these  girders  spanning  between  columns  1-2,  3-4,  and  5-6  (Fig.  448;.  Each  supports  two  main 
building  columns  as  well  as  the  direct  loads  from  the  second  and  third  floors.  The  positions  of  these  girders  are 
shown  on  Fig.  448  and  the  design  on  Fig.  449(c). 
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Fig.   448. — Second  floor  plan.  La  Salle  Hotel,  Chicago,  111. 


The  floor  over  the  Buffet  is  supported  by  plate  girders  spanning  between  columns  7-9  and  10-12  at  the  mezza- 
line  floor  level.  As  there  is  a  corresponding  clear  space  on  the  mezzanine  floor,  these  girders  carry  only  the  mezza- 
line  floor  load. 

Over  the  clear  space  of  the  mezzanine  story,  columns  8  and  11  have  to  be  supported  (Fig.  448).  Column  8 
B  carried  by  a  pair  of  plate  girders  (Fig.  4496)  extending  below  the  second  floor,  but  not  above  it,  no  obstruction 
ibove  the  floor  being  permissible  at  this  place.  Column  11  is  carried  by  a  truss  whose  depth  is  that  of  the  second 
itory.     It  is  arranged  so  that  two  doorways  can  be  cut  through  (Fig.  449a). 

The  Grand  Banquet  Hall  of  the  hotel  is  on  the  top  floor  and  has  only  a  roof  over.  Fig.  450  shows  the  special 
irched  truss  designed  for  this  purpose. 

The  University  Club  of  Chicago  offers  several  illustrations  of  large  clear  spaces.     In  this 
)uilding  they  are  arranged  one  above  the  other  as  far  as  practicable.     This  arrangement  was 

43 
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made  in  order  to  have  the  best  rooms  face  on  Michigan  Avenue,  but  it  serves  to  reduce  the  con- 
centration of  loads  that  must  be  supported  by  individual  girders.  The  frontispiece  shows  the 
building  in  question.  The  architectural  treatment  marks  the  location  of  the  Main  Dining 
Hall  on  the  ninth  floor  and  the  Lounge  on  the  second  floor. 

In  the  basement  is  a  swimming  pool  for  which  a  clear  space  30  X  65  ft.  is  provided.  A  similar  space  in  the  first 
story  is  clear  of  columns  so  that  the  first  and  second  floors  are  each  carried  by  double  I-beam  girders  spanning 
approximately  30  ft. 

On  the  second  floor  is  the  Lounge,  approximately  45  X  65  ft.  This  story  is  26  ft.  high,  enough  to  allow  space 
for  girders.  The  arrangement  of  the  framing  over  this  room  is  shown  in  Fig.  451.  Two  double  plate  girders  and 
one  truss  are  used.  The  truss  extends  into  the  third  story  and  has  to  provide  an  opening  for  the  corridor.  It  ia 
used  because  of  the  greater  load  which  comes  on  it. 


(cT^  Girder  G3  over  Mezzanine 


r 


jVj:^il 


^nd  f/oor-"-<i 


/7'-/i' 


(b)  Girder  Gj  over  Mezranine 
17- -ii" _  /7'0i'_ 


Section 


1 


(c)  Girders  G,  over  Dining  Room 

Fig.  449. — Details  of  girders,  La  Salle  Hotel. 


Section 


The  next  clear  space  is  the  Billiard  Room  on  the  seventh  floor.  Adjoining  it  is  a  Cafe.  Both  of  these  rooms 
are  30  ft.  wide  and  as  the  load  over  these  rooms  is  only  one  floor,  pairs  of  I-beams  serve  as  girders  for  this  space 
(Fig.  452). 

The  Library  is  located  on  the  eighth  floor,  across  the  end  of  the  building,  occupying  about  30  X  65  ft.  (Fig. 
453).  Banquet  Rooms  are  located  on  the  same  floor  between  columns  5-6-3-2,  and  College  Hall  is  on  the  same  floor 
between  columns  4-5-2-1.  All  the  girder  spans  over  these  spaces  are  approximately  30  ft.  (Fig.  453).  The  loading 
conditions  vary  so  that  some  are  plate  girders  and  others  double  I-beams. 

The  Main  Dining  Hall  occupies  approximately  45  X  90  ft.  on  the  ninth  floor.  The  height  from  floor  to  floor 
is  45  ft.  6  in.,  which  allows  space  above  the  ceiling  for  the  girders.  The  framing  over  this  room  is  shown  in  Fig. 
454.  The  loads  above  are  one  floor  and  roof  and  some  walls.  The  arrangement  of  these  loads  is  such  as  to  make 
a  number  of  special  features  in  the  framing  as  indicated. 
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Fig.  450. — Trusses  for  roof  over  Grand  Banquet  Hall,  La  Salle  Hotel. 
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Fig.  451. — Part  third  floor  framing  plan, 
University  Club  of  Chicago. 


Fig.  452. — Part  eighth  floor  framing  plan, 
University  Club  of  Chicago. 
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The  foregoing  illustrations  and  discussions  show  that  large  clear  spaces  can  be  providt  ^ 
where  needed,  but  the  designer  should  bear  in  mind  that  the  special  construction  involved  ma  k 
be  very  expensive.     Whenever  practicable,  these  large  spaces  should  be  planned  on  the  tc  rJ 
floor  or  under  light  courts  so  that  the  loads  to  be  carried  on  the  long  spans  will  be  relative! 
small. 


FiQ.  453. — Ninth  floor  framing  plan,  University 
Club  of  Chicago. 


Fig.  454. — Racquet  court  floor  framing,  University 
Club  of  Chicago. 


SWIMMING  POOLS 
By  Arthur  Peabody 

Swimming  pools,  which  formerly  were  found  only  in  gymnasiums,  have  become  a  commor 
feature  of  club  houses  and  the  Y.  M.  C.  A.,  schools,  and  civic  centers. 

266.  Location  of  Pools. — The  swimming  pool  should  be  in  a  well  lighted  and  ventilated 
room.  Where  possible,  direct  sunlight  should  be  secured.  The  greater  number  of  existing  pools 
are  located  in  the  basement  of  buildings,  evidently  because  of  the  expense  involved  in  support- 
ing the  great  weight  of  the  water  anywhere  else.     In  cities,  however,  there  are  advantages  in 


2  ^.  3-267] 


icing  the  pool  in  an  upper  story  where  light  and  air  may  be  secured.    This  leaves  the  basement 

;e  for  the  power  plant  and  other  necessary  equipments.     In  a  few  instances,  pools  are  con- 

td  -ucted  in  separate  buildings  under  a  glass  roof  which  is,  of  course,  the  ideal  arrangement. 

267.  Dimensions. — The  minimum  dimensions  of  a  swimming  pool,  as  prescribed  by  the 

tercoUegiate  Rules  for  athletic  contests  are:  width  20  ft.,  length  60  ft.     These  have  been 

opted  as  standard  for  Y.  M.  C.  A. 

ildings.     Pools  should  measure     "^  I 

multiples  of  5  ft.  of  width  and 

ft.    of   length.     Typical   pools 

erefore  are: 


—  Slope, 
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Fig.  455. 


20  X  60  ft. 
25  X  60  ft. 
30  X  60  ft. 


20  X  75  ft. 
25  X  75  ft. 
30  X  75  ft. 


I 


Fig.   456. 


Fig.  457. 


few  pools  are  100  ft.  long.     The 

pth  of  the  water  acording  to  the 

me  rules  shall  be  not  less  than  3 

at  the  shallow  end  and  7  ft.  at 

deep  end.      The  majority    of 

ols  have  7 Hit.  of  depth.     For 

ving  contests,  pools  are  8  to  %]i  ft.  deep  with  a  maximum  of  10  ft. 

268.  Shape  of  Bottom. — The  so-called  spoon-shaped  bottom  is  considered  the  most  service- 

le.     This  has  a  gradual  slope  to  the  middle  of  the  length  after  which  it  is  sloped  both  ways 

as  to  give  a  maximum  depth  at  a  point  15  ft.  from  the  deep  end  of  the  pool  (see  Fig.  455). 

)ols  intended  for  miscellaneous  use  for  swimmers  and  non-swimmers  or  children,  sometimes 
divided  into  sections,  may  have  a  regularly  in- 
creasing depth  from  the  shallow  to  the  deep  end 
(see  Fig.  456).  An  older  form  of  bottom  is 
sloped  gently  for  one-third  the  length,  more 
sharply  over  the  middle  third,  and  left  practi- 
cally flat  the  remainder  of  the  length.  All  parts 
of  the  bottom  are  pitched  sufficiently  to  drain 
the  water  to  the  outlet  (see  Fig.  457). 

269.  Construction. — The  pool  is  con- 
structed of  reinforced  concrete  or  of  steel.  The 
computation  of  strength  will  not  be  discussed 
here,  but  the  pool  construction  must  be  suffi- 
cient to  resist  the  loads,  which  will  be  consider- 
able. The  steel  tank  is  necessary  where  exces- 
sive ground  water  may  be  encountered  and  for 
most  pools  in  the  upper  stories  of  buildings. 
In  this  case,  the  tank  which  is  supported  on 
adequate  columns  and  girders,  is  lined  with 
dense  concrete,  inside  of  which  a  waterproof 
lining  of  lead  is  placed.     Upon  this  asphalted   into  steel  tank  showing 

?,.,  ...,.  ,  •  structural     and      water- 

felt  is  laid.     An  inside  layer  of  concrete  rem-    proofing  factors  in  dia- 
forced  with  steel  fabric  is  then  placed  as  a  base   grammatical  form, 
for  the  tile  lining.     A  4-in.  course  of  brick  work 
ay  be  substituted  for  the  inner  concrete  lining. 

In  the  new  building  of  the  Athletic  Club  at  Omaha,  Nebra.ska,  a  concrete  pool  is  located  on 
le  third  story.  The  problem  of  its  construction  is  similar  to  other  concrete  work  of  equal 
iportance. 

Concrete  pools  resting  in  the  ground  require  provision  against  leakage.     The  tank  must  be  protected  against 
rcolation  from  the  outside  as  well  as  the  inside.     Integral  waterproofing  of  the  concrete  walls  and  hoor  is  neces- 
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Fig.    4  5  9.— Typical 
cross  section  of  wall  built 
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sary.  Such  waterproofing  compounds  are  well  known  and  should  be  used  in  the  most  effective  way.  The  cem 
gun  would  be  useful  in  grouting  the  inside  and  outside  of  the  pool.  Beside  this,  the  inside  of  the  pool  shoult  jT 
waterproofed  by  membranes  of  burlap  and  asphalt  or  asphalted  felts,  cemented  together  with  pitch  or  asph 
It  is  found  in  practice  that  where  asphalt  will  not  adhere  to  the  concrete,  a  preliminary  coating  of  pitch  will  o' 
come  the  difficulty.  Where  ground  water  is  present  in  quantity,  the  exterior  of  the  concrete  walls  must  be  wa 
proofed  as  well.  This  is  done  in  the  same  manner  as  on  the  inside,  but  not  usually  as  thick.  The  same  prep; 
tion  for  the  tile  finish  of  the  inside  is  necessary  as  in  the  case  of  the  steel  tank,  except  that  a  trivial  percolation  wc 
probably  not  create  so  much  damage. 

Figs.  458  and  459  show  typical  cross  sections  of  ordinary  pools. 

270.  Tile  Finish. — In  all  cases,  the  pool  must  be  tested  and  made  absoluteh^  waterpr 
before  any  attempt  is  made  to  set  the  tile  lining.  Special  care  must  be  taken  to  make  • 
work  tight  about  the  inlet  and  outlet  connections. 

271.  Linings. — The  linings  of  the  walls  are  of  marble,  ceramic  mosaic,  or  large  tiles.  1 
floor  of  the  pool  is  frequently  paved  with  hexagon  floor  tile.  In  this  material  the  lane  li: 
and  distance  numerals  are  shown  in  colored  tiles,  aswellasany  design  fixed  upon  by  the  architei 

272.  Overflow  Troughs,  Ladders,  and  Curbs.— The  overflow  trough  or  scum  gutter  i 
device  extending  along  the  sides  of  the  pool  for  removing  the  dust  and  other  floating  substan 


.jS^jgg^ 


Fig.  460. — Open  scum  gutter  of 
6  X  6-in.  wall  tile  and  trimmers, 
suitable  for  private  and  outdoor 
pools. 


Fig.  461. — Design  for  wall  tile 
gutter  and  curb.  The  water  level 
is  18  in.  below  the  top  of  the  curb, 
the  proper  take-ofl  distance. 


Fig.  462. — A  combination  . 
ceramic  mosaic  and  wall  tile.  N 
curb  being  provided,  the  gangwa 
floor  should  slope  away  from  tl 
pool. 


from  the  surface  of  the  water.  It  acts  also  as  an  overflow,  preventing  the  rise  of  the  water  ab( 
the  desired  level.  Finally  it  serves  as  a  life  rail  or  /;atch-hold,  taking  place  of  the  metal  rail 
or  life  rope  of  old-fashioned  pools. 

The  scum  gutter  should  be  entirely  recessed  in  the  surface  of  the  wall.  It  is  formed  of  glazed  terra  cotta  of 
same  color  as  the  tile  work,  or  may  be  formed  in  the  concrete  and  the  mosaic  tile  (Figs.  460,  461,  and  462). 

Metal  ladders  and  steps  to  pools  have  been  replaced  in  new  work  by  recessed  tile-coveied  ladders  or  reces 
footholds  formed  of  glazed  terra  cotta  or  of  steel  covered  with  mosaic  tile.  The  curb  around  the  pool  should  be 
to  16  in.  wide,  for  comfortable  standing,  and  at  least  2  or  3  in.  high;  6  in.  is  a  common  heignt.  The  object  of 
curb  is  to  prevent  water  from  flowing  into  the  pool  from  the  surrounding  spaces.  This  curb  is  used  as  the  take 
in  athletic  contests  and  should  be  18  in.  above  the  water. 

273.  Lines  and  Markings. — Distance  numerals,  depth  numerals,  swimming  and  saf( 
lines  are  indicated  by  colored  tiles.  Figures  are  used  at  5-ft.  intervals  and  the  interA'eni 
foot  marks  by  colored  lines.  Distance  marks  begin  at  the  deep  end,  and  must  be  accura 
Swimming  lanes  extend  the  length  of  the  pool  along  the  bottom.  The  lines  are  3  in.  wide  a 
should  be  distinct.  The  lanes  are  5  ft.  wide.  Safety  lines  are  extended  across  the  pool  and 
the  sides.  At  5  ft.  from  the  ends,  similar  lines,  called  turning  lines,  are  extended  across  1 
bottom  and  sides.  Besides  these  are  the  jack  knife  limits  which  are  similar  lines,  6  ft.  from  t 
end  of  the  diving  board,  crossing  the  curb  and  extending  a  short  distance  below  the  water  lev 
as  required  by  the  rules,  for  the  assistance  of  the  judges  of  athletic  contests  (,setf  Fig.  46 

274.  Diving  Board. — ^The  official  diving  board  is  not  less  than  12  ft    nor  more  than  13 
long,  by  20  in.  wide.     The  end  projects  not  more  than  2  ft.  over  the  pool  and  the  fulcnmi  - 
placed  at  }i  the  length  from  the  free  end.     The  height  above  the  water  is  not  less  than  2  W 
nor  more  than  4  ft.     Provision  lor  tastcning  the  board  should  be  made  in  the  floor  structu 
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275.  Swimming  Cable. — Where  swimming  lessons  are  given,  a  wire  cable  is  extended  the 
igth  of  tiie  pool  to  support  a  swimming  belt.     Anchorage  for  this  should  be  made  in  the  walls. 

276.  Special  Pools.— Besides  the  ordinary  swimming  pool,  special  pools  are  sometimes 
ilt  for  sports,  such  as  water  polo  and  water  basketball. 

The  water  polo  pool  should  be  60  to  70  ft.  long,  20  to  40  ft.  wide,  and  0  ft.  deep.     These 
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Fig.  463. — Plan  and  elevation  of  a  typical  swimming  pool. 

nes  may  be  placed  in  the  ordinary  pool  \>y  jilacing  the  necessary  marks, 
il  lines  are  as  follows: 
Center  line,  across  the  length  of  the  pool. 
Goal  lines,  4  ft.  from  the  ends. 
Free  throw  line,  15  ft.  from  the  ends. 
Twenty-foot  lines,  20  ft.  from  the  ends. 

For  water  basketball,  a  pool  not  over  2500  sq.  ft.  in  area  may  be  used, 
and  the   15-ft.  lines  only  are  required  for  this  game. 

All  markings  should  be  formed  in  the  tile 
lining  of  the  pool  as  before  described.  They  may 
be  worked  into  the  decorative  scheme  of  the  tile 
work. 

The  foregoing  description  applies  to  interior  pools. 
Beside  these,  outside  pools  for  swimming  or  wading  are 
common.  The  large  size  of  out-of-door  pools,  as  ordinarily 
designed,  leads  to  less  decoration  and  in  many  cases,  plain 
concrete  surfaces  are  employed.  The  structure  and  water- 
proofing of  these  pools  require  the  same  care  as  with  interior 
pools,  and  the  sanitation  will  need  to  be  given  attention.  As 
the  pools  are  not  warmed,  however,  except  by  the  sun,  the 
water  may  be  kept  clean  by  frequent  renewal. 


The  playing  and 
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ing. 


Fig.  465. — Detail  of  scum 
gutter  Racine  College,  Racine, 
Wis. 


277.  Spaces  About  the  Pool. — The  entire  area 
about    the   pool   should    be   paved    with    tile    or 
irble.      The  walls  should  be  wainscoted  with  the  same  material  to  a  height  of  G  to  7  ft.,  or 
the  ceiling.     The  walk  or  gangway  about  the  pool  should  be  3  to  \}i  ft.  wide  along  the 
es,   and   at  least   6  ft.  at  the  ends.    Some  space  should  also  be  provided  for  spectators. 
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For  athletic  contests,  temporary  bleachers  will  be  set  as  close  to  the  pool  as  permissible 
that  the  spectators  can  watch  the  games  closely.  It  is  useless  to  provide  large  and  de 
galleries,  generally,  as  the  swimmers  or  players  cannot  be  watched  satisfactorily  except  fn 
the  first  row  of  chairs.  Shower  baths  should  never  be  placed  in  the  pool  room  on  account 
the  steam  thrown  off  by  them  which  will  condense  on  the  walls  and  ceiling  and  create  annoyan 


■/ 


Sfeam- 


Fig.  467. 


Fig.  466. 

278.  Water  Supply  and  Sanitation. — The  water  supply  pipe  should  be  of  sufficient  s 
to  fill  the  pool  in  24  hr.  The  water,  though  it  may  be  pure  upon  first  being  admitted,  sc 
becomes  unfit  and  must  be  cleansed  and  disinfected.  With  such  treatment,  however,  it  may 
used  continuously  for  a  considerable  time,  in  certain  instances  extending  over  more  than  a  ye 
In  paany  cases  the  available  water  supply  must  be  treated  before  using.  ^. 

A  fiommercial  filter,  containing  quartz,  sand,  charcoal,  and  other  filtering  agents  removes  the  mechan 
impurities  after  which  the  use  of  alum  completes  the  clearing.     For  destroying  bacteria  the  ultra  \'iolet  raj-  is 

ployed.  This  consists  of  a  mercury  vapor  lamp  suspended  in  a  wa 
tight  protecting  glass  tube  held  within  a  cast-iron  chamber.  The  w: 
is  passed  by  the  lamp  in  such  a  way  as  to  secure  the  action  of  the 
sufficiently  to  destroy  all  bacteria. 

An  ozone  apparatus  is  also  used  for  this  purpose.  The  ozone  aj 
ratus  consists  of  a  steel  tower  through  which  the  water  is  passed 
subjected  to  contact  with  ozone.  The  method  is  undoubtedly  effec 
and  where  space  can  be  afforded  and  conditions  warrant  the  installat 
it  will  perhaps  excel  the  ultra  violet  ray  process.  Information  cai 
obtained  as  to  the  ozone  apparatus  from  the  U.  S.  public  health  repc 
Washington,  D.  C. 

The   water  is   drawn   from   the  pool  by  a  circulating  pump,  foi 
through   the  heater,   filter,    and  sterilizer,  after  which  it  returns  to 
pool.     The  pump  should  be  of  sufficient  capacity  to  change  the  water  once  in  10  hr. 

These  measures  secure  clean  water,  but  the  walls  and  floor  of  the  pool  will  require  frequent  cleansing 
scrubbing  to  remove  accumulated  dust,  silt,  etc.,  from  time  to  time. 

279,  Heating. — The  heater  should  be  the  closed  type  of  feed  water  heater  with  copper 
brass  tubes  through  which  the  water  passes  (see  Fig.  466).  The  temperature  of  the  wa 
should  be  controlled  by  a  special  thermostat  which  will  maintain  a  constant  degree  of  h( 
usually  about  75  deg.  F. 

In  some  cases  the  water  is  heated  by  injecting  steam  directly  (see  Fig.  467).  In  the  ordinary  case  this  met 
will  carry  in  water  impurities,  oil,  rust,  and  scale  from  the  boilers.  It  is,  however,  a  quick  and  cheap  metho< 
heating  and  when  properly  done  will  be  free  from  noise. 


MAIL  CHUTES 

By  Arthur  Peabody 

280.  Requirements. — Public  buildings,  office  buildings,  apartment  buildings,  and  hot 
are  usually  provided  with  mailing  chutes  for  first-class  mail  only.  Where  these  deliver  direc 
to  public  mail  boxes,  the  regulations  of  the  United  States  Post  Office  Department  must  be  ( 
sei-ved  in  the  location  and  construction  of  the  chutes  and  boxes.  These  regulations  are 
follows : 


The  mail  box  must  not  be  placed  more  than  .50  ft.  from  the  main  entrance  of  the  buikling. 

The  mail  chute  must  run  through  a  public  hall  or  premises  that  are  freely  accessible  to  the  public  and  the 
ost  Office  authorities. 

Every  mail  chute  must  be  so  constructed  that  its  interior  is  quickly  and  easily  accessible  to  authorized  persons, 

Lit  not  to  others. 

It  must  not  run  behind  a  partition  or  elevator  screen. 

All  contracts  covering  mail  chute  installations  must  be  upon  the  form  prescribed  by  the  Post  Office  Department 
ith  the  regulations  printed  upon  and  made  part  of  the  contract. 
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F'G.  468.— With  wood  backing. 


Thimble' 

Fig.  4C9. — Steel  angle  backing. 


Copies   of  these 


A  bond  of  the  Post  Office  Department  is  required  of  the  contractor, 
gulations  will  be  furnished  upon  request. 

Other  requirements  are  that  the  chutes  must  be  absolutely  vertical,  without  bends  or 

offsets,  to  avoid  possible  clogging.     Rough  openings  in 
h ^  the  floors  to  permit  the  installation  of  mail  chutes  must 

w 


ZUce^angft, 


Thimb/e 


Fig.  470. — Reversed  backing  against 
elevator  screen. 


be  6  X  12  in.  in  the  clear  for  each  chute,  plumbed  down 

■  CleyatOf  through  the  building,  located  2  in.  away  from  the  wall 
against  which  the  support  of  the  chute  is  fastened. 
Metal  thimbles  for  floor  openings  are  furnished  by 
makers  of  mail  chutes.  Where  the  backing  or  support 
of  the  chute  is  furnished  separately  from  the  mail  chute 
antract  it  must  consist  of  a  flat  vertical  continuous  surface  not  less  than  10}^  in.  wide  ex- 
mding  from  the  ground  floor  surface  to  a  point  4^^  ft.  above  the  floor  of  the  highest  story 
om  which  mail  is  delivered.  The  backing  may  be  of  wood,  as  in  Fig.  468,  or  of  steel 
MJngles  2  X  2-in.  size,  as  in  Figs.  469  and  470.  Fig.  471  shows  the  backing  in 
lace,  ready  to  receive  the  chute.  It  is  advisable  to  include  the  backing  in 
le  contract  for  mail  chutes  to  insure  a  satisfactory  piece  of  work.  Where 
le  chute  is  in  connection  with  an  elevator  screen,  it  must  be  self-supporting 
etween  floor  and  ceiling. 

281.  Details. — The  details  of  this  device  are  so  specialized  and  patented 
ad  the  regulations  surrounding  installations  are  so  strict  that  the  usual  prac- 
ce  is  to  make  use  of  one  of  the  principal  types  now  on  the  market 

Single  and  double  chutes  into  one  mail  box  are  furnished  as  circumstance 
quire.     Openings  in  floors  must  then  be  made  in  accordance 

The  chutes  are  formed  of  metal,  with  removable  or  hinged  plate  glass      --jii    j^^ 
anels  exposing  the  chutes  throughout  their  length,  and  giving  access  to  the  /7<7ot??^^^^^ 

iterior  at  all  points.     The  usual  finish  of  the  chutes  is  a  dull  black  enamel.        pj^  47j Back- 

The  mail  boxes  are  of  standard  pattern  and  capacity.     The  finish  may   ing  ready  for  the 
e  black  or  of  electro-bronze  (slightly  oxidized  or  "statuary")  with  bronze 
immings.     Special  designs  are  available  for  important  work   following   the   architectural 
yle  of  the  building,  which  may  be  executed  in  real  bronze.     The  space  required  for 
andard  mail  box  is  36  in.  high,  2lM  in.  wide,  by  llK  in.  deep  over  all.     Special  boxes  will 
ary  in  dimensions. 

hot 
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RETAINING  WALLS 

By  Allan  F.  Owen 

Retaining  walls  are  walls  that  support  the  lateral  pressure  of  earth  or  of  other  materi; 
having  more  or  less  frictional  stability.  They  are  used  in  buildings  as  basement  and  sul 
basement  walls  and  as  walls  of  tanks,  swimming  pools,  coal  bins,  etc.  In  some  cases,  retail 
ing  walls  must  be  designed  to  support  loads  coming  upon  railroad  tracks  and  driveways  bui 
on  top  of  the  backfill  parallel  with  the  wall. 

Where  possible,  the  earth  back  of  retaining  walls  must  be  drained  so  that  actual  wat< 
pressure  will  be  avoided.  A  thin  film  of  water,  held  between  a  retaining  wall  and  the  fill  behin 
it,  exerts  the  same  pressure  against  the  wall  as  a  body  of  water  of  the  same  depth.     Howeve 

a  small  amount  of  water  may  be  led  away  b 
drains  so  that  it  will  never  stand  deep  enoug 
to  harm  the  wall. 

In  water  bearing  soil  the  back  of  the  wa 
must  be  waterproofed,  or  the  wall  made  of  wate: 
proof  concrete,  and  must  be  built  heavj-  enoug 
to  withstand  water  pressure. 

282.  Stability  of  a  Retaining  Wall.— Tw 
motions  of  the  wall  tend  to  result  due  to  th 
action  of  the  earth  thrust:  (1)  a  tendency  t 
slide  forward;  and  (2)  a  tendency  to  tip  forwar 
about  some  point  on  the  base. 

The  thrust  of  the  earth  back  of  a  retainin 
wall  is  counteracted  by  the  friction  between  t\ 
base  of  the  wall  and  the  soil  on  which  it  rest 
by  the  pressure  of  the  soil  at  the  toe  of  the  wal 
and  by  the  pressure  of  the  soil  against  key  walls  (if  any)  constructed  below  the  plane  of  th 
Taase  of  the  wall  proper.  Concrete  struts  or  heavy  concrete  floor  construction  is  usually  nece; 
sary  in  deep  basements  to  take  care  of  the  greater  part  of  the  earth  thrust  (see  Fig.  472). 

The  resistance  to  overturning  the  wall  is  afforded  by  a  distributed  reaction  of  the  bearir 
soil  upward  against  the  base  of  wall.  The  center  of  the  resultant  force  acting  upon  the  bas 
must  strike  within  the  middle  third  of  the  base  plane  if  the  entire  base  is  to  bear  on  the  soi 
The  soil  pressure  under  the  toe  of  a  retaining  wall  should  not  be  greater  than  the  allowab 
(see  table  on  p.  351). 

The  frictional  resistance  along  the  horizontal  base  of  a  wall  ma}^  be  taken  as  the  tot; 
vertical  load  on  the  base  multiplied  by  the  coefficient  of  friction  of  the  wall  material  upon  tf 
supporting  soil.  The  coefficients  of  friction  between  earth  and  other  materials  are  given  i 
Table  1. 

Table  1. — Coefficient  of  Friction  Between  Earth  and  Other  Materials 


Fig.  472. — Part  plan  of  retaining  walls  and  founda- 
tions showing  concrete  struts  from  footings  to  retaining 
wall,  Union  Special  Machine  Company  building, 
Chicago,  111. 


Material 


Coefficient 


Masonry  upon  masonry 
Masonry  on  dry  clay.  .  . 
Masonry  on  wet  clay. .  . 

Masonry  on  sand 

Masonry  on  gravel 


0.65 
0.50 
0.33 
0.40 
0.60 


When  the  material  back  of  the  wall  is  a  fluid,  the  intensity  of  the  horizontal  pressure  a 
any  depth  is  equal  to  the  weight  of  a  cubic  unit  of  the  fluid  multiplied  by  the  given  depth.     Thu 
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water,  at  a  depth  of  one  foot,  the  horizontal  (and  also  the  vertical)  pressure  is  623'2  lb.  per 
ft.;  at  a  depth  of  10  ft.  it  is  625  lb.  per  sq.  ft.  For  any  material  not  a  fluid,  the  horizontal 
essure  is  less  than  the  vertical  pressure  but  the  variation  of  pressure  due  to  depth  follows  the 
me  law.  Thus  the  term  "equivalent  fluid  pressure "  for  a  given  material  is  taken  to  mean  the 
rizontal  pressure  per  square  foot  at  a  depth  of  one  foot.  The  equivalent  fluid  pressure 
,ries  with  the  "angle  of  repose"  and  weight  of  the  material. 

Table  2. — Angles  of  Repose  and  Weight  per  Cubic  Foot  for  Various  Earths 


Material 


Weight 
(pounds  per  cubic  foot) 


Angle  of  repose 
(degrees) 


and,  dry 

and,  moist 

and,  wet 

ilarth,  dry 

Carth,  moist 

Carth,  wet 

Jravel,  round  to  angular, 
ravel,  sand  and  clay.  .  .  . 


90  to  110 
100  to  110 
110  to  120 
80  to  ICO 
80  to  100 
100  to  120 
100  to  135 
100  to  115 


20  to  35 
30  to  45 
20  to  40 
20  to  45 
25  to  45 
25  to  30 
30  to  48 
20  to  37 


Table  3. — Equivalent  Fluid  Pressure 


Angle  of  repose 
(degrees) 


Coefficient 


Weight 
(pounds  per  cubic  foot) 


Equivalent  fluid  pressure, 
(pounds) 


0.49 


80 
100 
120 


39 
49 
59 


2.'5 


80 
100 
120 


30 


80 
100 
120 


32 
40 
49 


27 
33 

43 


0.271 


90 
110 
130 


24 
30 
35 


0.217 


90 
110 
130 


19 
24 

28 


90 
110 
130 


15 
19 
22 


100 
120 
135 


15 
18 
20 


From  Tables  2  and  3  it  will  be  seen  that  the  equivalent  fluid  pressure  may  be  taken  at  from 
5  to  59  lb.  according  to  soil  conditions.     Recommended  values  are  given  in  Table  4. 
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T.^LE  4. — Recommended  Values  of  Equivalent  Fluid  Pressuue 


Well  drained  gravel. 

Average  earth 

Wet  sand 

Water  bearing  soil. . 
Fluid  mud 


FiQ.  47.3. — Distribution  of 
horizontal  pressure  on  back 
of  wall  with  level  back  fill. 


The  following  notation  will  be  used: 

p  =  equivalent  fluid  pressure  of  soil  back  cf  wall. 

P  =  total  pressure  on  back  of  wall. 
h    =  height  of  wall. 

b  =  width  of  base. 

c  =  distance   from  back   of  wall   to  center  of  gravity  of  weight  of 
backing. 

X  =  distance  from  back  of  wall  to  center  of  vertical  reaction. 

e  =  eccentricity  of  vertical  reaction. 
Wi  =  weight  of  wall. 
IF2  =  weight  of  backing  carried  on  wall. 
Ri  —  vertical  reaction. 
Ri  =  horizontal  reaction. 


Fig.  474. — Types  of  masonry  retaining  walls. 


Casell 


Casenr 


.^ 


e  less  than  b-^6 


R} 


e-br-6 


Fig.   475. — Distribution  of  stress  on  foundations  eccentrically  loaded. 

The  horizontal  pressure  at  the  top  of  the  wall  is  zero,  and  the  pressure  at  the  bottc 
the  wall   =  p/i.     The  pressure  varies  uniformly  between  these  limits  and  the  total  P  = 

The  center  of  this  pressure  is  at  5  above  the  base  (see  Fig.  473).     Referring  to  Fig.  474 

/2i  =  TFi  +  Wi 

\_}-i  Ph  +  (TT'i  +  W,)c 
"^  R, 

e  =  X  —  yih 

When  X  =  >^&,the  soil  pressure  is  uniform  over  the  whole  base.    When  x  =  ^3'?),  the 
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e  varies  from  nothing  at  the  heel  to  twice  the  average  at  the  toe  (see  Case  II,  Fig.  475). 


Case  I:  /i  = 
h  = 


(-00 


Table  5 


Table  6 


Case   II: /i  =  2Ri  -^  b 

Case  III:  /i  =  2Ri  ^  3(,M&  -  e) 

283.  Masonry  Retaining  Walls.— Masonry  walls  of  brick,  stone,  or  concrete  may  be  used 
f  low  retaining  walls,  where  the  weight  to  be  supported  is  small  and  no  great  thickness  is 
r  aired,  or  for  high  walls  where  consideration  of  space  and  cost  will  permit  the  great  thicknesses 

r  uired.  •  i  i      r  u 

For  a  rectangular  retaining  wall  of  masonry  weighing  150  lb.  per  cu.  ft.,  the  width  of  base 

g  en  in  Table  5  in  terms  of  the  height  will  make  e  =  Veb.     The  soil  pressures  will  be  /i  =  300h 

( lere  /i  is  in  pounds  and  h  is  in  feet),  and  f-i    =  0. 

For  a  retaining  wall  of  triangular  cross  section,  back  ver- 

t  il,  front  battered,  of  masonry  weighing    150  lb.  per  cu.  ft. 

t  same  width  of  base  as  given  in  Table  5  will  make  e  =  }ih. 

'  e  soil  pressures  will  be  /i  =  150/;,  and  /a  =  0. 

For  a   retaining  wall  of  triangular  cross  section,    front 

1  tical,  back  battered,  of  masonry  weighing  150  lb.  per  cu.  ft., 

f  )porting  a  fill  weighing  100  lb.  per  cu.  ft.,  the  width  of  base 

,  en  in  Table  6  will  make  e  =  }ih.     The  soil  pressures  will  be 

J  =  250/1,  and  fi  =  0. 

284.  Reinforced  Concrete  Retaining  Walls.— Reinforced 
i  icrete  is  the  most  suitable  material  for  many  retaining  walls  because  of  the  possibility  of 
nking  it  moisture  proof  or  water-proof  as  may  be  required,  and  because  the  weight  of  the 
l.king  can  be  utilized  to  advantage  to  prevent  overturning;  also  the  sections  may  be  made 
1  a  and   the  tensile  stresses  resisted  by  steel  reinforcement.     Types  of  reinforced  concrete 

aining  walls  are  shown  in  Fig.  476. 
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0.79 
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0.73 
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0.895 

Iff  Shear  Diagram     Momeni-  Diagram 

Wall  Supported  Top  and  Bottom 


Wall  with 'Back  Ties 
Fig.  476. — Types  of  reinforced  concrete  retaining  walls. 

284a.  Cantilever  Wall.— The  upright  portion  of  the  wall  must  be  figured  as  a 
.ntilever  slab.     At  any  depth  /ii  (see  Fig.  476) 

M  =  Hphi^ 
be  maximum  moment  occurs  at  the  junction  of  wall  and  base,  or 

Mrr^ax.    =   Hpih   -  tV 

The  total  upward  pressure  on  the  toe  of  the  wall,  y,  may  be  found  from  the  formulas  and 
agrams  for  the  distribution  of  soil  pressure  (see  Fig.  475).     Let  this  pressure  equal  F.     Ihe 
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distance  from  the  front  face  of  the  vertical  slab  to  the  center  of  gravity  of  the  "trapez. 
pressure"  may  be  computed  and  the  maximum  moment  in  the  toe  slab  at  the  face  of  wa; 
be  this  distance  times  F.     Usually  it  will  be  near  enough  to  take  M  =  ]^Fy. 

The  maximum  moment  in  the  heel  slab,  z,  may  be  taken  at  K  W^z.  Care  must  be  tal. 
have  the  reinforcing  rods  long  enough  beyond  points  of  maximum  stress  to  develop  their  str. 
in  bond.     Each  of  the  cantilever  arms  of  this  wall  may  be  tapered  toward  the  free  ends. 

The  horizontal  portion,  or  floor  slab,  is  usually  poured  before  the  forms  for  the  vertical  .r- 
tion,  or  wall  slab,  are  completed.  It  would  be  very  inconvenient  to  handle  the  upright  re  i 
they  extended  from  the  bottom  of  the  floor  slab  to  the  top  of  the  wall  slab.  Conseque  y 
the  rods  in  the  floor  slab  should  be  cut  so  they  will  extend  into  the  wall  slab  only  far  enouj  td 
develop  their  strength  in  bond.  The  bars  in  the  vertical  slab  should  then  start  at  the  top  o  -  - 
horizontal  slab  and  may  be  alternately  long  and  short  to  provide  the  steel  required  at  th. 
tom  and  less  steel  at  the  top.  Rods  crossing  the  main  reinforcement  must  be  used  to  pre  nj 
cracks  and  these  may  amount  to  Ko  to  K  %  of  the  sectional  area. 

In  designing  a  cantilever  wall  for  a  given  height,  it  is  necessary  to  assume  wall  and 
thicknesses  and  width  of  base.  Table  7  may  be  used  to  assist  in  making  these  assumpt 
Concrete  is  taken  at  150  lb.  per  cu.  ft.,  and  back  fill  at  100  lb.  per  cu.  ft.  The  width  of 
in  each  case  will  make  e  =  ^-     Wall  thickness  assumed  \-     Floor  thickness  assumed  --  ■ 


6 


is  given  in  pounds  when  h  is  height  in  feet. 


1  • 


Table  7 


y  ^b 
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z  ~-  b 
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H 

H 

0 

p 

Values  of  6  -=- 

h 

20 
33 
50 
62  K 
80 

0.465 
0.597 
0.734 
0.821 
0.929 

0.401 
0.516 
0.635 
0.710 
0.802 

0.379 
0.487 
0.600 
0.670 
0.758 

0.380 
0.489 
0.601 
0.672 
0.760 

0.402 
0.517 
0.637 
0.711 
O.S05 

0.591 
0.760 
0.935 
1.047 
1.182 

/i 

224^1 

193  A 

162/1 

13U 

101/( 

71h 

p  = 


9904  lb. 


=  5.4  ft. 


Illustrative  Problem,— Given  the  following  data:  A  =  24  ft.  6  in.,  p  =  33  lb.,  6  =   12  ft.  0  in.,  2/  =  1  ft.  1  i 
z  =  8  ft.  0  in. 

Then 

(33)(24.5)(24.5) 
2 

Wi  =  (63.58)(150)  =  9537  1b. 

W2  =  (180)(100)  =  18,000  1b.  I 

^  ^   (9537H8.07)  +  n8,000)^3.97) 

27,537 
Ri  =  27,537  lb. 

80,883  +  148,422        „  „     , 

"=  27:537 =«-33f^- 

12 
e  =  8.33  -  y   =2.33  ft.,  is  greater  than  ^ib. 

/i  =  55,074  ■-  11  =  5007  lb.  per  sq.  ft. 

Bending  moments  in  upright  cantilever  at  various  depths  are  figured  and  plotted  from  the  formula  .1/  =  H  phi 
5.5;ii5  (see  Fig.  477).     Moment  at  22-ft.  depth  =  58,564  ft. -lb. 

By  the  principles  of  reinforced  concrete  the  thickness  of  wall  is  determined  to  be  26  in.  and  the  required  i 
of  Eteel  at  this  point  2.14  sq.  in.  A  curve  is  plotted  for  the  required  area  of  steel  as  shown  in  the  steel  diagr 
Stub  rods  ^i  in.  square  and  3  in.  on  centers  are  placed  in  the  footing  slab  to  project  into  the  wall  slab  the  requi 
bond  length,  or  30  in.  The  value  of  these  rods  is  represented  by  the  triangle  nbc.  Rods  in  the  wall  start  at  the  to] 
the  footing  slab— one  21  ft.  9  in.  long,  one  8  ft.  9  in.  long,  and  one  5  ft.  0  in.  long  being  used  in  each  foot  len 
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,he  wall.     The  available  area  of   these  rods  is  represented    by  the  polygon  indicated,  the  taper  top  and  bottom 
ig  due  to  the  bond  length  requirement. 
The  construction  joint  must  take  a  bearing  of 

i33)(|l(??)=  7986  1b. 

,h  an  allowable  bearing  of  400  lb.  per  sq.  in.  the  required  area  is  20  sq.  in.     A  2  X  8-in.  plank  laid  in  the  top  of 
slab  and  lemoved  before  the  wall  is  poured  will  give  a  bearing  area  of  1?4  X  12  =  21  sq.  in.     The  minimum 

7986 


90 


=  89  lb.  per  sq.  in.,    which  is   allowable  for  such  a  heavily 


Steel 


ion  in  shear  will  be  7>$  X  12  =  90  sq.  ft. 

iforced  section. 

The  soil  pressure  on  the  toe  slab  averages  4545  lb.  per  sq.  ft.     M  =  (1.83)(4545)(0.92)  =  7640  ft.-lb. 
uired  =  0.24  sq.  in.     Rods,  }r2  in.  square,  will  be  used  spaced  12  in.  on  centers. 

The  load  on  the  heel  slab  is  18,000  lb.  and  M  =  (18,000)(4)  =  72,000  ft.-lb.     The  depth  required  is  30  in.  and 
steel  area,  2.25  sq.  in.     Rods,  %  in.  square,  will  be  used  spaced  3  in.  on  centers. 

To  prevent  cracks  in  the  wall,  rods  %  in.  square,  will  be  uSed  spaced  18  in.  on  centers.     This  amount  of  steel 

■Is  Ko  %  of  the  wall  area. 
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S+eel  Diagram 


Arrangement  of 
Steel  Rods 


Detail  of  Wall 


Fig.  477. — Design  of  cantilever  wall. 


2846.  Wall  with  Back  Ties. — In  designing  a  wall  with  back  ties,  the  vertical  part 
the  wall  is  figured  as  a  slab  loaded  on  its  back  and  supported  by  the  tie  counterforts  (.see 
;.  476).  The  floor  z  is  figured  as  a  slab  supported  by  the  counterforts.  Reinforcement 
1st  be  placed  in  the  ties  to  take  the  tension  produced  and  also  to  hold  the  tie  to  the  floor  and 
.11. 

284c-.  Walls  Supported  Top  and  Bottom. — The  most  common  form  of  retaining 
.11  in  building  construction  is  the  wall  supported  at  the  top  by  the  first  floor  construction  and 
the  bottom  by  the  basement  floor.  This  wall  must  be  reinforced  as  a  slab  loaded  at  its  back 
d  supported  top  and  bottom.     Referring  to  Fig.  476 


R2  = 


2P 
3 


Jment  at  any  depth  hi 


M=  Rihi  - 


R,  =- 

phi^ 
6 


.e  maximum  moment  is  at  the  depth  0.58h  and  is 

M  =  O.OMph  3 

Retaining  walls  in  buildings  may  be  supported  by  heavy  wall  columns,  and  in  such  cases 
wall  is  figured  as  a  slab  loaded  on  its  back  and  supported  on  two  sides,  or  two  sides  and  bot- 
n,  or  two  sides  and  top  and  bottom.     In  each  case  the  column  must  be  investigated  to  see 
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that  the  bending  due  to  the  earth  pressure  on  the  wall  does  not  over-stress  the  column,  and  e 
column  section  made  heavy  enough  to  take  such  bending  stresses. 

285.  Structural  Steel  Frame  Walls. — In  steel  frame  buildings  steel  I-beams  are  somet 
provided  to  take  the  thrust  of  the  earth  on  the  retaining  walls  and  reinforced  concrete  slaV- 
used  spanning  from  beam  to  beam  and  enclosing  such  beams  (see  Fig.  478). 

286.  Steel  Sheet  Piling. — Where,  one  or  more  sub-basements  are  to  be  built  adjoinir  a 
heavy  building,  and  the  earth  under  its  foundations  must  not  be  disturbed,  steel  sheet  pi  e, 
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/5/de/^a/k  lights 
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Cf2icgffo  C/lv  Dcrfur?7\i'^- 
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3  Cf^. 

Ocction  Through  5ub-suh> 
Basement  Hoor 

Fig.   478. — Structural  steel  and  concrete  retaining  wall,  Mandel  Bros.  Store,  Chicago,  111. 

is  useful.  The  piling  is  driven  at  the  wall  line  of  the  new  basements  before  the  deep  excavai  '• 
is  made.  As  this  excavation  proceeds,  the  framework  for  the  floor  constniction  at  each  k  1 
is  set  in  place  and  the  utmost  care  is  used  to  prevent  the  sheet  piling  from  being  forced  imv  i 
by  the  pressure  from  the  adjoining  building.  Temporary  shores  are  used  where  necessary  ' 
the  permanent  concrete  floors  and  concrete  covering  for  the  sheet  piling  is  placed  without  d< 
(see  Fig.  479). 

287.  Retaining  Walls  with  Sloping  Back  Fill. — Where  the  fill  slopes  up  from  the  bact  i 
the  wall,  the  direction  of  the  earth  pressure  is  usuallj'  considered  as  parallel  to  the  surface  of 
fill  (see  Fig.  480). 


I 
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288.  Retaining  Walls  with  Surcharge. — When  the  earth  behind  a  wall  is  loaded  in  any  way 

-r  example,  when  the  embankment  is  used  as  a  storage  of  material — the  additonal  pressure 
,  be  provided  for  by  replacing  the  load  by  an  equivalent  surcharge  of  earth.  The  height 
,f  lis  surcharge  may  be  determined  by  dividing  the  extra  load  per  square  foot  by  the  weight 
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F:   479. — Steel  sheet  piling  retaining  wall  between  Stevens  store  and  Columbus  Memorial  building,  State  St., 

Chicago,  111. 
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Fig.  481. 


Fig.  482. 


icubic  foot  of  earth.     This  height  is  shown  in  Figs.  481  and  482  as  Ai.     Let  //  +  /ii  =  H. 
sn  the  resultant  pressure  on  a  vertical  plane  for  a  wall  with  height  H  will  be 

44 
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and  the  resultant  pressure  for  a  wall  with  weight  hi  will  be 

Pi  =  Hphi' 
Th^  pressure  on  the  vertical  wall  AB  is  the  difference  of  these,  or 
P  =  P2  -  Pi  =  }^p(H^  -  h,^) 

=  y2pHh  +  2hi) 

and  the  distance  of  the  point  of  application  of  this  force  from  the  base  of  wall 

_  /t^  +  3Mi 
^      3(/i  +  2hi) 
P  acts  through  the  center  of  gravitj-  of  ABDE. 

289.  Retaining  Wall  Supporting  Railroad  Track.— A  retaining  wall  adjoining  a  raii 
track  needs  special  strength  to  support  the  weight  of  locomotives  and  trains  standing  o 
track  or  passing  by.     When  the  track  is  close  to  the  wall,  the  additional  earth  pressure  mj 


Retaining  Wad  a'+  RR 
Loading  Plafform 


DiS+ribLfHon  of  Horizontal 
Pressure 


Fig.  483. 


taken  as  \i  the  maximum  train  load  per  linear  foot  of  track  divided  by  the  distance  froi  he 
center  of  the  track  to  the  wall.  Thus,  for  Cooper's  E-50  loading  and  a  distance  of  5  ft.  in* 
from  center  of  track  to  wall,  t  =  300  lb.  approximately  (see  Fig.  483). 

The  pressure  at  the  bottom  of  the  wall  is  t  +  pAo  and  the  total  pressure 


The  center  of  this  pressure  is 
The  reactions  are 

Moment  at  the  top  of  fill 
Moment  at  any  depth  hi 


P-th,+T^ 


^  hi       At  +  ph2 
•^        3  ^  3t  +  ph2 


R^  = 


Pg 


R2  =  P  -  P, 


M  =  Rihi 


th, 


phi 


R, 


M  =  R^ih,  +  hi)  - 
The  maximum  moment  occurs  where 

For  a  track  at  some  distance  from  the  wall,  the  effect  is  less  than  stated  above  and 
additional  pressure  is  applied  on  the  lower  portion  of  .the  wall  onlj'.     Wlien  the  nearest 
more  than  0.6A  from  the  wall,  the  effect  of  the  railroad  load  may  be  neglected. 
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CHIMNEYS 

By  W.  Stuart  Tait 

'  Chimneys  serve  two  purposes.  One  purpose  is  to  create  the  required  draft  for  proper 
!0 bastion  of  fuel;  the  other  purpose  is  to  provide  a  means  of  discharging  the  gases  carried  by 
;b  chimney  at  a  sufficient  height  above  the  ground  that  they  may  not  be  harmful  to  people 
iAig  in  the  vicinity  of  the  chimney. 

Very  high  chimneys  are  more  expensive  than  lower  chimnej's  producing  the  same  draft. 
D  nneys,  therefore,  over  150  ft.  in  height,  need  only  be  used  at  smelters,  chemical  works,  and 
)t  ^r  industrial  plants  where  noxious  gases  are  produced. 

290.  Shape  of  Chimneys. — Chimneys  of  any  magnitude  are  built  circular.  A  round  chim- 
«  is  better  even  for  an  ordinary  house  than  a  square  or  rectangular  one.  For  the  sake  of  econ- 
II  in  construction,  however,  flues  and  chimneys  of  small  dimensions  are  usually  built  square. 
^•\Q  chimneys  are  usually  built  with  a  slight  taper.  The  taper  does  not  add  materially  to 
i  chimney  cost  while  it  improves  its  appearance  vastly.  A  taper  which  is  quite  generally 
isl  in  concrete  chimneys  is  1  in  72. 

291.  Small  Chimney  Construction. — The  Chicago  Building  Code  requires  that  small  chim- 
3( !  or  flues  be  constructed  as  follows: 

lues  having  area  less  than  144  sq.  in 8  in.  brick,  or    4  in.  brick  with  flue  liner. 

lues  having  area  between  144  and  300  sq.  in 13  in.  brick,  or    9  in.  brick  with  flue  liner. 

lues  having  area  between  300  and  600  sq.  in 17  in.  brick,  or  13  in.  brick  with  flue  liner. 

A  much  better  chimney  is  obtained  by  using  a  brick  wall  surrounding  a  flue  liner  than  can 
)(  btained  with  a  brick  wall  alone. 

292.  Linings  for  Large  Chimneys. — Large  chimneys  must  always  be  built  with  an  interior 
;ff:  of  firebrick  or  other  material  which  will  withstand  high  temperatures.  This  lining  must 
)( ree  to  expand  independently  from  the  outer  shell  or  main  chimney  structure.  It  must  be 
» ied  to  such  a  height  that  the  heat  of  the  gases  where  the  lining  ends  will  not  be  great  enough 
ic  amage  the  chimney.  In  concrete  chimneys  the  lining  is  usually  carried  to  a  point  one-third 
if  le  chimney  height  above  the  breech  opening.  The  Chicago  Code  requires  that  the  lining  in  a 
rt'rete  chimney  be  carried  to  height  equal  to  ten  times  the  inside  diameter  of  the  chimney 
it  v'e  the  breech  opening.  Where  high  temperature  gases  occur,  it  may  be  necessary  to  continue 
1  lining  to  the'top.     A  firebrick  lining  is  usually  made  8  in.  in  thickness  for  the  top  50  ft. 

I  s  height  and  4  in.  for  the  next  50  ft.     An  insulating  cavity  of  at  least  3  in.  in  width  should  be 
)i.'ided  between  the  fire  brick  lining  and  the  outer  shell. 

Designers  must  keep  in  mind  that  the  lining  will  expand  vertically  to  a  considerably  greater  extent  than  the 
|h  ney  proper.  In  addition  all  chimneys  sway  to  some  extent  in  the  wind.  The  construction  at  the  top  of  the 
kg  must  consequently  be  such  that  the  lining  may  be  free  to  move  vertically  relative  to  the  outer  shell.  The 
vi-e,  must  be  corbelled  out  at  the  top  of  the  insulating  cavity  closing  off  the  cavity  from  the  flue  opening. 

293.  Temperature  Reinforcement  in  Reinforced  Concrete  Chimneys. — In  reinforced 
x^rete  chimneys,  special  additional  temperature  reinforcement  should  be  provided  at  any 
i  DM  where  a  decided  change  in  section  occurs.  It  is  also  necessary  to  introduce  extra  heavy 
t  perature  steel  in  the  top  of  the  stack  and  at  the  top  of  the  lining. 

294.  Size  of  Breech  Opening. — The  mechanical  engineer  will  usually  give  the  chimney 
iigner  the  dimension  of  the  stack  and  the  size  and  locations  of  the  breech  opening  and  clean 
M  door.  The  breech  opening  is  usually  made  20  %  greater  in  area  than  the  minimum  internal 
R.S  section  of  the  chimney.  For  structural  reasons  the  width  of  the  breech  opening  should  be 
k I  down  to  as  small  as  dimension  as  possible.     A  width  equal  to  two-thirds  of  the  width  of  the 

nney  at  the  top  is  the  maximum  which  the  structural  engineer  should  endeavor  to  have  used. 
5  will  give  a  flue  whose  height  is  2%  times  its  width. 

296.  Size  and  Height  of  Chimneys. — Assuming  an  average  consumption  of  5  lb.  of  coal 
horsepower  per  hour  and  taking  the  effective  diameter  of  the  chimney  as  4  in.  less  than  its 
rnal  diameter,  we  have  the  following  formulas  for  the  size  and  height  of  a  chimney: 
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^  =  24^ 

Vh 
D  =  13.54  VE  +  4 
where  ^is  the  effective  chimney  area;  H  is  the  horsepower  to  be  provided  for;  h  is  the  ^ 
of  the  chimney  in  feet;  and  D  is  the  internal  diameter  of  the  chimney  in  inches 
used         '^"'"'  ^'''''*'"^  ^^''"*'  '"  '™''"  buildings  the  following  sizes  of  chimney  flues  sho 

Direct  radiation  in 

square  feet  Size  of  flue 

200  to  400  S  X8 

450  to  900  8  X  12 

1000  to  1600  12  X  12 

1600  to  3000  j6  y  jg 

If  indirect  radiation  is  used,  50%  should  be  added  to  the  amount  of  radiation  to  be  in^ 

2TV      ^''%T.     """  '^'  "^'"^  *^^'"     ^°^  "  '^^^'^^^^  "--^^  ^"8X8  fiue  is  satisf. 

296  Design  of  Chimneys.-Large  chimneys  are  of  three  main  types:  (1)  Reinforce 
Crete  (2)  stee  land  (3)  brick.  The  chimney  shaft  isso  porportioned  and  designed  S  he" 
developed  in  the  n^atenal  used,  when  the  chimney  is  subjected  to  a  horizontal  wind  pressu 
within  the  unit  stresses  recognized  in  engineering  practice.  In  reinforced  concrete  an,^ 
chimneys  the  design  may  be  such  as  to  produce  tension  in  the  cross  section.  In  brick  chir 
on  the  other  hand,  no  tension  must  occur  under  the  combined  bending  due  to  wind  pressu^ 
the  direct  bad  of  the  chimney.  Since  practically  all  chimneys  of'these  t  ^^es  a  re  c- 
analyses  will  be  worked  out  only  for  this  form. 

nnf  /  n  *'r.r''  ^\^  r'"^'''  '^^'^  *^'  ^^'^  ^^  ^^^^^^  ^^^^'^e  which  the  center  of  pressure  av 
not  fall,  if  there  is  to  be  no  tension  on  the  section,  has  a  radius 

r  =  Hr  ill  +  (ri/ri)^] 
where  n  is  the  outside  and  r2  the  inside  diameter  of  the  chimney 

Steel  or  concrete  stacks  may  be  designed  by  applying  the  formula  combining  direct  loa,  nd 
bending  to  sections  about  25  ft.  apart  down  the  shaft.     Thus 

/(inax.)=-  +  _ 
/(min.)=^--^ 

where  TF  =  weight  of  chimney  above  the  section  considered,  A  =  area  of  section  1/  =  .0 
ment  of  the  wind  pressure  above  the  section,  and  S  =  section  modulus.  Since  the  wind  pre  .re 
may  cause  either  tension  or  compression  at  any  point  around  the  steel  or  concrete  stacl  1^ 
signers  must  use  values  of /.  such  that  the  sum  of  the  tensile  and  compressive  stresses  doe  ot 
exceed  the  unit  stress  allowed. 

th.  7^'  :^i»d  pressure  on  flat  surfaces  is  generally  specified  in  American  building  codes  at  30  lb   per  sq   ft       .m 

the  experiments  earned  out  by  the  National  Physical  Laboratory  of  England    S'?  lb    npr  ,n    f/       *u 

duced  by  a  gale  of  100  miles  per  hour  velocity.     In  the  design  of  c-r:u,ar  chimnet  it  is'c  2m  r^Vo  t^raT  ^ 

'of  -"  if  p?r t  r::i:'reT7^  ■; ''"'  ^r'^"^^  ""^  ^^^  ^"^^^-^-  ^^^  ^^^-^  Chicago  rZiUat^ :: ;; 

hllTti  ;  ,   ••  a  '"  '''""^''  °^  "'■'"'^'"  '^'^i^'^eys.     Some  designers  use  a  unit  pressure  equal  t<  >e- 

ha  f  that  applying  on  a  flat  surface  and  there  are  many  authorities  who  endorse  this.     Designers""uirdo  .  I 
carefully  consider  the  wind  conditions  of  the  locality  where  the  chimney  is  to  be  erected  before  d  cWiit  up 
wind  pressure  to  be  used.     A  circular  chimney  to  be  erected  in  a  region  subject  to  tornadoes  should  be  d^sigr 
at  least  25  lb.  -md  pressure,  while  a  similar  stack  in  a  region  where  no  high  winds  occur  might  be  deSi     . 
wmd  pressure  of  15  lb.     Both  of  the  pressures  refer  to  the  projected  area  of  the  stack. 

^-  ,  u  •  1  ^?^""  ■^"^'^  Stacks.— Brick  Stacks  are  usually  built  of  speciallv  molded  h, 
radial  bricks.  A  firebrick  independent  lining  is  installed  and  the  chimnev  is  capped  with  a  • 
T.V'u  "'"^  "'^  ^°P  ""^  ^^^  brickwork  protecting  the  joints  from  the  action  of  the  wea 
At  the  breech  opening  the  wall  must  usually  be  buttressed.  In  brick  stack  design  there  mu.- 
no  tension.     Therefore 

TV  ^M 

A        S 
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Vth  a  wind  pressure  of  20  lb.  on  the  projected  area  and  brickwork  weighing  120  lb   per  cu.  ft., 
ai  assuming  the  bottom  cross  section  of  the  stack  to  be  1.9  the  mean  cross  section  of  the  bnck- 

ork  we  have  /r,^. 

(£,,4  _  £,,4)  =  DaXH  XD,X  1.60 (2) 

vcre  £>i  and  D2  are  the  exterior  and  interior  diameters  at  the  base,  H  is  the  height  and  Da 
Mie  average  exterior  diameter  of  the  chimney.     By  trial,  D.  and  D,  may  be  found. 
"    The  chimney  may  be  then  approximately  laid  out,  using  a  wall  thickness  at  the  top  as 

fi  ows : 

8  in.  for  chimney  up  to  8  ft.  inside  diameter  at  top. 

12  in.  for  chimney  from  8  to  18  ft. 

In  equation  (2)  the  weight  of  the  stack  is  taken  as 

120X  H  X  0.784  (Di'  -  Pa') 


w  = 


1. 


After  laying  out  the  stack,  check  the  weight  of  same  against  the  assumed  weight  and,  if 
t  y  do  not  agree,  make  adjustments.  Then  apply  formula  (1)  at  each  point  just  above  where 
t    wall  increases  in  thickness.     At  the  base  it  is  advisable  to  check  the  maximum  unit  com- 

^  ''ircase  the  weight  of  the  brickwork  is  not  120  lb.  per  cu.  ft.,  adjust  equation  (2)  by  multi- 
r  ing  the  right-hand  side  bv  120  and  dividing  by  the  weight  of  the  brickwork.  Also,  if  an- 
c  er  wind  pressure  than  20  lb.  is  to  be  used,  multiply  the  right-hand  side  of  equation  (2)  by  the 
I  ised  wind  load  and  divide  by  20.     The  foundation  design  will  be  similar  to  that  given  for 

t  concrete  stack.  .       ,,, 

Brickwork  in  hollow  brick  stacks  weighs  approximately  90  lb.  per  cu.  ft.,  so  equation  (1) 

1  oraes 

D^i  -  D2*  =  Da  X  H  X  Di  X  2.15 

2966.  Example  of  Design  of  Concrete  Stack.— Following  are  the  computations 

f  the  design  of  a  concrete  chimney  (see  design  on  p.  701). 

TT  :   ui.  =  175  ft    0  in  Inside  diameter  =  7  ft.  6  in. 

/    =  16  000      fc  '=  400  "■  =  15.     Wind  pressure  20  lb.  per  sq.  ft.  on  projected  area. 

Breech  opening"  =  5  ft.'  0  in.  X  10  ft.  6  in.     Top  of  opening  =  25  ft.  0  in.  above  ground.     Flue  lining  extends 
7:t.  above  the  flue,  i.e.,  100  ft.  above  the  ground. 

Inside   diameter   at   top  =  7  ft.  6  in.     Thickness  =  4  in. 
Outside  diameter  at  top  =  8  ft.  2  in. 

Inside  diameter  at  top  of  lining     =  7  ft.     6  m. 

Thickness  of  lining  (4  X  2).  =0  ft.     8  in. 

Insulating  cavity  (3X2)  =0  ft.     6  in. 

Assume  thickness  of  outer  shell 

(7X2)  =1  ft-    2  in. 

Outside  diameter  75  ft.  from  top  =  9  ft.  10  in. 

Taper  on  one  side  is  10  in.  in  75  ft.,  or  1  in  90. 
Outside  diameter  at  base  =  8  ft.  2  in.  +  175/45  =  12  ft.  OM  in. 

Assume  an  increase  in  the  shell  thickness  of  1  in.  in  25  ft.     This  gives  a  bottom  thickness  of  11  m. 
It  will  not  be  necessary  to  analyze  a  section  25  ft.  from  the  top.     In  this  section  we  used  only  a  m.n.nium 
ount  of  vertical  steel.     Round  bars,  >^in.  diameter,  spaced  18  in.  apart,  is  a  reasonable  minimum.     Use  17- 
a.  round  bars. 
Section  50  ft.  From  Top: 
M  =  H  XDaXPX   f=  (50)(8.7)(20)(25)(12)  =  2,610,000  in.-lb. 

pp  =,  H  X  -  X  (i)i2  -  D2^)  X  150  =  (50)(0.785)[(8.67)2  _  (7.83)^(150)  =  82,500  lb. 
A   =  T-(^i2  -  Z>22)  =  14  sq.  ft.,  =  2016  sq.  in. 

S  =  0.098 (Di3  -  §^')  =  21.4  ft.' 

.  _   W_       M  ^  82,500  2,610,000  =  41  +  70  =  111  lb.  per  sq.  in.   (compression). 

Cprlsin)  ='(r5)(li;)  =  15lo'lV.!'apSximitely.     Allowable  f.  (tension)  =  16,000  -  1500  =  14,500  lb. 
Imin.)  =  41  —  70  =  29  lb.  per  sq.  in.   (tension). 

A.  =  1201^11^  =  4.02  sq.  in.  =  21  -   >2-in.  round  bars. 


700 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  3-: 


Detailed  calculations  will  not  be  given  for  the  sections  75  ft.,  100  ft.,  and  125  ft   below  the  ton      Th«, 
are  as  follows:  '■      ■'"«' 

Section  75  ft.— compression  max.  =  156,  tension  max.  =  34.  steel  =  29  -  K-in  round  bars. 

Section  100  ft.— compression  max.  =  208,  tension  max.  =  44,  steel  =  28  -  %-in.  round  bars 

Section  125  ft.— compression  max.  =  281,  tension  max.  =  77,  steel  =  42  -  U-\n   round  bars. 

Section  at  150  ft.  From  Top: 

M  =  (150)(9.83)(20)(75)(12)  =  26,500,000  in.-lb. 

W  =  (150)(0.785)[(9.83)2  -  (8.67)=](150)  =  380,000  lb. 

A    =  21.5  sq.  ft.  =  3100  sq.  in. 

/ 3         g  73* 

S    =    Ul.4      -    —^  (0.098)  =  68  ft.3 

/c  (max.)  =  123  +  225  =  348  lb.  (compression),     fc  (min.)  =  102  lb.  (tension) 
/.  (compression)  =  4500  lb.  (approx.).     /,  (tension)  =  11,500  lb 
.    ,.        .      ,        (102)  (3100) 
As  (tension)  =  — tt^t^tt-  =  27.5  sq.  in.  =  46  -  K-in.  round  bars. 

We  must  consider  a  section  a 


30,30i  W 


11,500 
The  section  150  ft.  from  the  top  is  at  the  upper  side  of  the  breech  opening.      .,  ^ 
lower  side  of  this  opening  in  order  to  provide  the  necessary  strength  at  this  opening 

Section  at  IGO  ft.  From  Tov: 
M  =  (160)(9.9)(20)(80)(12): 
in.-lb. 

W=  (160)(0.785)[(9.9)2-(8.65)2](1 
433,000  lb. 

If  no  breech  opening  were  cut,  we 
have 

A    =  23  sq.  ft.  =  3310  sq.  in.      S  - 
fc    (max.)    =   366    lb.    (compressioi 
(min.)  =  104  lb.  (tension). 
-1,  (tension)  =  30  sq.  in. 
For  the  sake  of  economy  it  is  desi  ie 
to  avoid   introducing  buttresses  at  the   re 
of  the  breech  opening.     We  will,  therefore,  proceed  to  find  the  section  modulus  of  the  chimney  section,  Fig    1 
/  of  complete  section  without  breech  about  axis  A-A  =  0.0491  (di*  —  di*)  =  438  ft  3 
7  of  portion  removed  for  breeching  about  A-A  =  (5) (0.9) (5. 1)2  approx.  =  117  ft.' 
Then 

I  of  chimney  section  at  breech  opening  about  A-A  =  438  —  117  =  321  ft.' 

Now  find  the  center  of  gravity  of  the  section  by  trial.      It  will  be  found  to  be  about  1  ft.  0  in.  from  A-A.       a 
I  of  section  about  BB  (axis  through  center  of  gravity)  =  321  +  (18.5)(1.0)2  =  339.5  ft. 3 


Fig.  484. 


Fig.  485. 


^       339.5 

S  =  ^^    =  50.7 


fc  (max.)  = 


433,000 
(18.5)  (144; 


30,300,000 


=  102  +  346  =  508  lb.  (compression)    fc  (min.)  =  184  lb.  (tensi. 


(50.7)  (12)  (144) 

fc  +  P(n  -   l)/„  =/c(max.) 
400  +  (P14)(400)  =  508 
(P14)(400)  =  508  -  400 

108 
^=5600  =  00193  or  1.93%. 

A.  (compression)  =  (18.5)(144)(1.93)  =  52  sq.  in.  =  60— 1-in.  round  bars. 

/.(compression)  =  (400)(15)  =  6000  1b. 

fs  (tension)  =  10,000  lb. 

.    ,,       .      ,        (184)(18.5)(144) 
A.  (tension)  =  ~—^ =  49  sq.  in. 

The  amount  of  compression  steel  required,  namely,  52  sq.  in.,  is  greater  than  the  amount  of  tension  steel  d 
we  will  therefore  use  00-1-in.  lound  bars.  Had  the  width  of  the  breech  opening  been  a  greater  proportion  ol  e 
width  of  the  stack  we  might  have  found  that  the  concrete  stress  developed  was  too  high  to  permit  of  our  introdu  g 
sufficient  compression  reinforcement  to  keep  the  actual  concrete  stress  within  the  stress  specified. 

In  Fig.  485  are  illustrated  methods  of  increasing  the  section  modulus  at  the  breech  opening.     The  first  t  g 
to  be  done  would  be  to  increase  the  tliickncss  of  the  outer  shell  by  an  amount  of  from  1  to  3  in.     This  thicke  g 
should  be  carried  about  5  ft.  above  and  below  the  breech  opening.     If  increasing  the  outer  shell  thickness  1  i 
maximum  of  about  30%  is  not  sufficient,  the  buttresses  marked  C  should  next  be  added  and.  in  case  even  t! 
inadequate,  the  buttresses  marked  D  should  be  added.     Where  buttresses  are  added,  the  designer  should  distr; 
the  reinforcing  steel  throughout  the  section  so  that  in  each  portion  the  same  percentage  of  steel  is  used. 

Section  at  175  ft.  From  Top: 

M  =  37,000,000  in.-lb. 

Compression  max.  =  402  lb.,  tension  max.  =  116  lb.     Steel  49-1-in.  round  bars. 

Temperature  Reinforcement.— The  design  of  the  temperature  reinforcement  is  at  present  left  more  or  : 
experience.  The  use  of  either  rings  of  reinforcing  bars  or  mesli  is  usual.  In  this  design,  and  in  fact  for  any  or 
concrete  stack,  a  mesh  weighing  Jio  lb.  per  sq.  ft.  is  satisafactory.     In  addition  to  this,  s^-in.  Lars.  4  or  Sin.  oBl 
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t,(,  should  be  used  for  a  distance  5  ft.  below  the  top,  placed  horizontally.  We  should  also  have  some  similar  rods 
,'re  there  is  any  material  change  in  the  section.  In  this  stack  the  taper  is  straight  from  top  to  bottom,  but  some 
8  built  cylindrical,  with  an  offset.  We  should  also  introduce  three  extra  horizontal  bars  of  the  same  size  as  the 
V  ical  bars  above  and  below  the  breech  opening,  and  in  addition  ^-in.  bars,  4  or  5  in.  on  centers,  for  a  distance  of 
6  above  and  below  the  opening.  If  these  rings  are  made  in  two  parts,  the  ends  of  the  rods  should  be  lapped  a 
dance  sufficient  to  develop  their  strength  in  tension.     The  laps  should  be  staggered  around  the  chimney. 


fciJr/VZ 


Elevation 


Design  for  Steel  Chimney 
^  7-6"x  175-0" 


Half5edion        Half  Elevation 

Design  for  Hollow  Brick  Chimney 
7i-6"x  l75'-o« 

Plate  1. 


S/iear.— Shear  will  seldom  effect  the  design  of  a  stack.     It  is  well  to  investigate  a  section  at  the  bottom  and 
OJthrough  the  breech  opening.     Taking  a  section  160  ft.  from  the  top,  we  have 
Total  wind  load  =  (160)(9.9)(20)  =  31,700  lb. 
31,700 


^^^^'  =    (18.5K144)  - 
A  at  the  base 

(17.=^)  (10.1)  (20) 


Shear 


3460 


12  lb.  per  sq.  in. 


=  10  lb. 


Design  of  Foundation. — A  chimney  foundation  should  be  built  octagonal  or  circular  in  plan.  A  square  footing 
Piluces  such  a  high  toe  pressure  at  the  corners  when  the  wind  is  blowing  on  the  diagonal  of  the  footing  that  this 
»f>e  is  undesirable.  The  bearing  pressure  on  the  soil  should  be  lower  than  one  would  use  on  the  same  soil  for  a 
»t',onary  load  of  practically  constant  amount.  In  this  case  we  will  use  a  maximum  pressure  of  4000  lb.  per  sq. 
ft  The  footing  design  for  all  chimneys  is  practically  the  same.     In  the  case  of  the  steel  stack  the  weight  of  the 
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footing  must  be  greater  and  in  the  case  of  the  brick  stack  the  footing  may  be  lighter,  than  the  footing  for  thf 
Crete  stack.     The  weight  of  the  earth  fill  and  any  other  loads  coiiung  on  the  foundation  should  be  included, 
bottom  of  the  foundation  should  be  well  below  frost  line. 


Weight  of  concrete  shell  = 

Weight  of  brick  lining  =  (120)(100)(0.785)[(8.17)2  -  (7.5)2]  +  J.^[(8.83)2  -  (8.17)2] 


495  0 
153  0 


Total  weight  at  top  of  footing 


648  0 


Half  Section   Half  Elevcrfion 


Design  for  Concrete  Chimney 
7-6"  A  175-0" 


Plate  2. 


The  kern  of  a  circular  footing  has  a  radius  equal  to  one-fourth  of  the  radius  of  the  footing.  Also,  the  toe  pref 
is  approximately  twice  the  average  pressure.     Now,  we  can  approximate  the  weight  of  the  earth  filling  and  foo 

Assume  600  lb.  per  sq.  ft.     Then  the  area  of  the  footing  will  be  approximately    .   _  '_  „..,  X  2  —  3S1  sq.  f 

on  octagon  having  a  width  of  21  ft.  6  in.,  or  a  circle  having  a  diameter  of  22  ft.  0  in.  We  may  take  the  radius  o 
kern,  then,  as  2  ft.  9  in.  To  avoid  the  negative  pressure  at  any  point  in  the  base,  the  eccentricity  must  not  ei 
2  ft.  9  in.  Taking  our  assumed  footing  and  cover  on  same  at  600  lb.  per  sq.  ft.,  we  have  a  total  load  =  22S,00< 
So  the  total  load  at  the  bottom  of  footing  =  876,000  lb.     Now  we  found  that  M  due  to  wind  =  37,000,000  ir 

so  the  eccentricity  e  =•       '   „    '  -      =  42  in.,  which  is  greater  than  the  maximum  eccentricity  found  perniiss 

We  must,  therefore,  increase  the  area  of  the  footing,  or  increase  its  weight,  or  both.      Assume  700  lb.  per  sc,! 
for  footing  and  cover,  and  take  area  —  500  ea.  ft.     Then  weight  of  footing  "  350,000,  «  »  37  in.,  and  500  kI 
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ijig  an  octagonal  footing  of  24  ft.  6  in.  X  24  ft.  6  in.  With  this  size  no  negative  pressure  occurs.  If  the  bottom 
ciise  is  made  3  ft.  thick,  we  have  a  weight  of  450  lb.  per  sq.  ft.  so  we  must  have  2>^  ft.  of  earth  above  the  bottom 
ec'ee  to  obtain  a  total  of  700  lb.  as  assumed. 

Depth  for  punching  shear  at  120  lb.  per  sq.  in.  at  edge  of  shaft  = 

495,000  X  2       _  ,  „  „  . 
(ir)  (12)  (12)  (120)  '"■ 

depth  assumed  gives  a  maximum  of  60  lb.  per  sq.  in. 

The  footing  will  be  reinforced  witn  4  bands  of  steel  similar  to  the  one  indicated.  The  moment  at  the  center 
olie  section  of  stack  wall  bounded  by  abc  is  the  moment  of  the  soil  pressure  due  to  stack  load  on  the  figure  abde 

(648,000  +  350,000)        ,„„„  „      , 
alit  the  line  de.     Now  at  ab  we  have  a  maximum  pressure  of  2  X  Vqq =  4000  lb.   (approx.) 

ai  since  the  weight  of  the  footing  and  fill  amount  to  700  lb.,  the  unbalanced  upward  pressure  is  3300  lb.  per  sq.  ft. 
aine  ab.  We  find  by  proportions  that  the  upward  pressure  at  de  is  2350  lb.  and  the  length  of  de  is  4.35  ft.  Also 
cj   5.25  ft.  and  c(/  =  12.25  ft.  and  ob  =  10.2  ft. 

M  at  erf  =  (2350)(4.35)(7.0)(42)  =  3,000,000  in.-lb.     (M  of  area  edhk  at  2350  lb.) 
I  +  (>2)(950)(4.35)(7.0)(56)  =  810,000     {M  of  area  edhk  at  950  lb.  at  ab). 

m  +  (2)(2350)(i.i)(7.0)(2.92)(56)  =  1,750,000     {M  of  area  aeh  and  dbk  at  2350  lb.) 

■  820  000 

+  (2)(950)(M)(2.92)(7.0)(63)  =  g  gg^  qqq     {M  of  area  aeh  and  dbk  at  950  lb.  at  ab). 

For/.  =  16,000;  fc  =  650;  and  n  =  15 

rf  =  31  in.     b  required  =  62  in. 
T  depth  is  satisfactory,  As  =  14.7  sq.  in.     Use  19  —  1-in.  round  bars  in  each  band. 
.     The  stack  is  not  large  enough  to  cause  any  upward  bending  at  C  (Fig.  486)  /~\  p>. 

a;  so  we  will  have  no  reinforcing  in    the    top    of    the    slab.      We    previously  /      j  j       N. 

ft  d  that  we  required  49  —  1-in.  round  bars  at  the  base  of  the  stack.      These        _  /  j    I  \^ 

ir  t  be  carried  a  sufficient  distance  into  the  foundation  to  develop  their  strength . 
■-  r  we  have  a  depth  of  footing  of  only  3  ft.,  we  must  hook  these  bars  as  indi- 

i      Total  upward  pressure  on  line  erf  =  130,000  lb.     For  40  lb.  shear,  width 

r(  ired  =  ,     .'     .,   =  105  in.     This  is  much  less  than  the  stack  diameter  so  we 

(31)  (4U)  

D' 1  not  further  provide  for  diagonal  tension.     All  vertical  steel  in  the  stack  \             |  ^I^^Th'            /^ 

slild  be  lapped  a  sufficient  distance  to  develop  its  strength   in    bond.     At    a  ^v        !^*^£o.r3-^      / 

bl  stress  of  80   lb.   per  sq.  in.,  a    lap  or   imbedment    of  60  diameters  is  re-  ^ \_^ 

q  ed.      The  lap  in   the    bars  must  not  all  be  made  at  any  one  section  in  the  Pj^    ^gg 

elk.     Good    practice  is  to  lap  half  of  the  bars  at   any  section  as  indicated. 

B<  e  steel  should  be  placed  diagonally  across  the  corners  of  the  breech  opening  as  illustrated.     Two  rods  of  the 

Bfe  size  as  the  vertical  steel  is  sufficient. 

296c.  Steel  Stacks. — ^It  was  pointed  out  previously  that  the  sum  of  the  com- 
pssive  and  tensile  stresses  in  the  steel  must  not  exceed  the  allowable  stress  of  16,000  lb.  per 
S(  in.  In  stack  design  it  will  be  found  satisfactory  to  use  a  stress  of  10,000  lb.  per  sq.  in.  on 
tl  net  section  (rivet  holes  deducted)  as  this  will  result  in  a  compression  of  only  about  6000 
Hon  the  gross  section. 

Assuming  a  joint  efficiency  of  60  %  the  design  would  resolve  itself  into  designing  the  stack 
^\\  100%  efficiency  in  the  joints  and  using/.,  =  6000  lb.  on  both  the  tension  and  compression 
■s.     Similarly  with  an  efficiency  of  80%/.,  becomes  7100  lb. 

The  design  for  the  stack  must  be  such  that  it  will  maintain  its  form  against  the  tendency 
0  he  wind  to  flatten  it.  It  must  also  be  prepared  so  that  the  stresses  resulting  from  combined 
b  ding  and  direct  load  are  within  the  above  limits. 

Unless  the  stack  is  lined  to  the  top  and  the  lining  carried  on  shelf  angles,  the  dead  weight 
0  he  stack  itself  may  be  omitted  from  the  strength  calculations. 

Steel  stacks  are  built  cylindrical  except  for  a  section  at  the  base  which  is  made  conical. 
I's  desirable  for  the  sake  of  economy  to  keep  the  breech  opening  above  the  conical  portion. 
T^  sides  of  the  breech  opening  must  be  reinforced  with  plates  and  angles  to  make  up  for  the 
p  tion  cut  away,  just  as  in  the  case  of  the  concrete  stack.  The  stack  is  set  upon  a  cast-iron 
be  in  most  cases  and  rigidly  bolted  down  to  the  foundation  by  means  of  a  series  of  bolts.  A 
stss  of  12,000  lb.  per  sq.  in.  may  be  used  on  the  net  section  of  these  bolts.  It  is  good  practice 
t<idd  from  ]'i  to  ^'i  in.  to  the  theoretical  diameter  to  allow  for  corrosion.  A  large  cast-iron 
Wiher  is  embedded  in  the  foundation  at  the  end  of  each  feolt.  The  washer  or  bearing  plate 
sl'uld  be  of  such  size  that  its  area  in  contact  with  the  concrete  does  not  produce  a  bearing 
stss  in  excess  of  400  lb.  per  sq.  in.     To  prevent  leakage  through  the  stack  joints,  the  rivet 
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spacing  should  not  exceed  ten  times  the  plate  thickness.  With  this  spacing  and  well  di  jj 
rivets,  it  is  not  usually  necessary  to  calk  the  joints.  Plating  less  than  ,^4  in.  in  thickness  sh  Id 
not  be  used.  In  fact,  it  is  poor  economy  to  use  plate  as  thin  as  that  on  account  of  deterion  jd 
diie  to  rust. 

D2^ 

Design  Formulas. — The   section  modulus   S  =  0.098(Di='  —  -jy-)-      Now   D-i   =  Di     u^ 

where  t  =  thickness  of  metal.     Consequently  i 

(D,^  -  SDiH  +  24Di2<2  _  S2DiP  +  IGt^) 


S  =0.098  Di^  - 


Di 


The  values  of  t^,  P,  and  f^  are  so  small  that  we  may  write  this  equation 

S  =  0.098  (Di^  -  Di^  +  8D1H)  =  O.lMDiH 
Omitting  the  dead  load 

M  =fS  =  (6000)  (0.784)  (Di)^  (t) 
M 


t  = 


and  using  a  20-lb.  wind  pressure 


(4704)(Z)i)2(12)2 


5645  Di 
where  Di  is  the  diameter  in  feet,  H  the  height  in  feet,  and  t  the  thickness  in  inches. 

Table  of  Plate  Thickness  for  Chimneys  Based  on  20-Pound  Wind  Pressuhb 
ON  Projected  Area — Joint  Efficiency  60  % 


Height 

Diameter 

5'0" 

6'  0" 

7'  0" 

8'  0" 

9'0" 

10'  0" 

11'  0" 

12'  0" 

13'  0" 

14'  0" 

15' 

50 

0.09 

0.074 

60 

0.127 

0.106 

0.09 

70 

0.174 

0.144 

0.124 

0.108 

80 

0.227 

0.19 

0.162 

0.142 

0.126 

90 

0.287 

0.239 

0.205 

0.179 

0.160 

0.144 

100 

0.355 

0.295 

0.252 

0.220 

0.196 

0.176 

0.16 

110 

0.43 

0.357 

0.306 

0.258 

0.238 

0.214 

0.195 

120 

0.508 

0.124 

0.363 

0.318 

0.283 

0.255 

0.232 

130 

0.60 

0.498 

0.427 

0.375 

0.332 

0.299 

0.272 

0.25 

140 

0.693 

0.58 

0.496 

0.433 

0.386 

0.347 

0.315 

0.29 

0.267 

150 

0.795 

0.662 

0.568 

0.498 

0.443 

0.398 

0.362 

0.332 

0.307 

0.284 

160 

0.905 

0.752 

0.646 

0.565 

0.503 

0.453 

0.412 

0.378 

0.348 

0.324 

0.3 

170 

0.85 

0.73 

0.638 

0.566 

0.51 

0.463 

0.425 

0.393 

0.364 

0.3 

180 

0.82 

0.716 

0.635 

0.572 

0.52 

0.476 

0.44 

0.409 

0.3 

190 

0.796 

0.706 

0.638 

0.58 

0.53 

0.49 

0.455 

0.4 

200 

0.78S 

0.71 

0.645 

0.592 

0.545 

0.506 

0.4 

For  a  joint  efficiency  of  80  %  use  ^  of  values  given  above. 

Bearing  on  shop  driven  rivets  may  be  taken  as  25,000  lb.  per  sq.  in. — field,  20,000  lb.  per  sq 
Shear  on  shop  driven  rivets  may  be  taken  as  12,000  lb.  per  sq.  in. — field,  10,000  lb.  per  sq 

The  total  tension  or  compression  per  linear  foot  in  the  stack  =  (6000)  (0  (12).  F 
this  we  can  determine  the  spacing  and  size  of  rivets  necessar}'. 

Let  Db  denote  the  diameter  of  the  center  line  of  the  holding  down  bolts,  n  the  nunibc 
bolts,  and  d  their  diameter;  then  the  size  and  number  of  bolts  may  be  determined  from 
formula: 

0.615 /A  A/ 

Assuming  a  convenient  number  of  bolts  n,  then  d,  the  bolt  diameter,  can  be  found,  The| 
signer  must  then  add  for  the  depth  of  thread  and  also  add  }s  in.  to  allow  for  corrosion. 


nd-  = 
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I      Where /s  =  12,000  lb.,  the  above  formula  becomes 
296d.  Guyed  Steel  Stacks. — -Guyed  steel  stacks  are  designed  to  act  as  beams 
•anning  between  the  base  and  the  collar  to  which  the  guy  wires  are  attached.     The  moment 
le  to  the  cantilever  action  of  the  stack  above  the  collar  should  be  taken  into  account.     Having 
und  the  maximum  bending  moments,  apply  the  formula  for  the  thickness  of  the  plates 

,= M 

(4704)(Di)2(144) 

le  guys  are  usually  attached  at  one-third  of  the  height  from  the  top.     The  collar  to  which 
e  guj's  are  attached  should  be  stiff  enough  to  withstand  the  tendency  to  buckle. 

The  guy  wires  will  be  designed  to  take  the  entire  wind  reaction  at  the  collar.  The  maxi- 
im  pull  on  a  guy  will  occur  when  the  wind  blows  directly  along  it.  With  the  guys  attached 
e-third  H  from  the  top,  the  reaction  at  the  collar  becomes 

0.75DPH 
the  pull  on  any  guy  wire  becomes 

0.7 5 DP H  sec  a 

lere  a  is  the  angle  the  guy  makes  with  the  horizontal. 

The  foundation  must  be  made  large  enough  to  take  the  vertical  component  of  the  tension 
a  guy  in  addition  to  the  chimney  weight. 

296e.  Ladders. — Permanent  ladders  must  be  built  into  all  large  chimneys, 
ley  are  placed  on  the  outside.  In  the  case  of  some  guyed  steel  stacks  the  ladder  is  omitted 
it  a  pulley  is  attached  to  the  top  and  a  steel  cable  left  in  place  so  that  a  painter  can  pull 
rnself  up. 

296/.  Lightning  Conductors. — All  self-supporting  stacks  should  have  a  first 
iss  lightning  conductor  installed  upon  them. 


DOMES 
By  Richard  G.  Doerfling 

297.  Definitions. — In  a  statical  sense,  and  in  contradistinction  to  plane  structures  like 
•ders,  trusses,  and  arches,  where  all  external  and  internal  forces  are  assumed  to  act  within 
plane,  domes  may  be  defined  as  space  structures.  Similar  to  plane  structures,  such  struc- 
res  may  be  divided  into  solid  and  framed  domes. 

Solid  domes  are  curved  shells  of  stone  masonry,  plain  concrete,  reinforced  concrete,  or 
/eted  steel  plate,  while  framed  domes  consist  of  compression  and  tension  members  either 
rved  to  the  form  of  a  shell  and  supporting  a  roof  cover,  or  straight  between  panel  points,  but 
i  panel  points  vipon  a  curved  shell  surface.  Framed  domes  may  be  built  of  timber,  steel,  or 
inforced  concrete. 

Generally  a  surface  of  revolution  is  chosen  as  the  dome  surface,  generated  by  a  straight 
le  or  a  curve  revolving  about  a  vertical  axis.  A  straight  line  will  thus  generate  a  conical 
iiface,  an  arc  of  a  circle  a  spherical  surface,  and  a  quadrant  of  an  ellipse  a  spheroidal  sur- 
"e.  Other  generating  curves  employed  are  the  cubical  parabola  for  economy  in  design  and 
versed  curves,  like  the  ogee  and  similar  ones,  for  architectural  reasons.  All  horizontal 
"tions  of  domes  of  revolution  are  either  circles  or  regular  polygons;  but  domes  have  been  built 
metimes  elliptical  in  plan  and  may  indeed  be  built  irregular  in  shape  and  simply  defined  as 
lid  shells  and  framed  polyhedrons. 

298.  Loads. 

298a.  Wind  Pressure. — The  wind  pressure  p  upon  a  plane  surface,  at  right  an- 
. 's  to  the  direction  of  the  wind,  is  taken  generally  as  from  20  to  30  lb.  per  sq.  ft.     For  any 


706 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  3-29 


inclination  between  the  surface  and  direction  of  the  wind,  -p  may  be  dissolved  into  two  comp 
nents,  normal  and  parallel  to  the  surface  and,  with  friction  between  surface  and  wind  equal 
zero,  it  is  only  the  normal  component  which  acts  as  a  load  upon  the  surface.  The  relatl 
between  p,  its  normal  component  n,  and  the  angle  of  inclination  i,  has  been  given  differenl 
by  different  experimenters,  the  simplest  one,  apparently  the  most  rational,  and  the  one  most 
employed  is  that  by  F.  v.  Loessl,  namely: 

n  ==  p  sin  i 

It  has  also  been  observed  and  well  established  that  the  direction  of  wind  may  vary  from 
horizontal  as  much  as  10  deg.,  and  while  such  increase  in  i  would  affect  the  pressure  upon  ver 
cal  and  steeply  inclined  surfaces  but  slightly,  it  will  gain  in  importance  as  the  inclined  surfs 
approaches  the  horizontal.  Fig.  487  gives  the  normal  components  of  p  =20  lb.  for  9  divisio 
of  a  quadrant,  and  the  following  tabulation  gives  these  values  of  n  for  surfaces  of  different  slop 


For  a  slope  =     3^^ 
n  =  16.4 


73 

13.8 


74 

11.9 


75 

10.5 


i.<c 


M 


1.^ 


9.5    8.8    8.1 


'  9      Xl  0 

7.6    7.3 


2986.  Snow  Load. — If  s  is  the  snow  load  in  pounds  per  square  foot  upon 
horizontal  surface,  then  the  snow  load  per  square  foot  upon  a  surface  inclined  at  an  angle  o 
the  horizontal  is: 

s'  =  s  cos  V 
For  s  =  20  lb.  and  v  =  40  deg.    30  deg.    20  deg.    10  deg.    0  deg. 
s'  =  15.3         17.3         18.8         19.7         20.0 


?0°_HqrizonM.  _"  ril:  lir I 

Fig.   4S7. — Distribution  of  wind  pressure. 


For  V  greater  than  40  deg.,  snow  will  su: 
slide  off  and  need  not  be  considered. 

298c.  Wind  and  Snow  Loadsj 
If  separate  calculations  for  wind  and  snowt 
not  made,  it  is  customary  instead  to  conside: 
vertical  live  load  of  from  20  to  30  lb.  per  sq. 
oi  root  surface. 

298d.  Dead  Loads. — Frami 
domes  of  timber  or  steel  with  tar  and  grai 
roofing  will  weigh  from  10  to  15  lb.  per  sq.  f 
framed  domes  of  steel  or  reinforced  concrei 
with  lYi  in.  concrete  cover,  from  40  to50J 
per  sq.  ft.  A  plastered  ceiling  will  add  abo 
10  lb.  to  these  loads.  After  a  prelimina 
design  the  actual  dead  load  may  be  very  closely  determined  and  the  size  of  all  members  cc 
rected  if  necessary. 

Solid  domes  of  reinforced  concrete  have  been  built  with  a  thickness  of  shell  from  Hso 
Hoo  of  the  span,  with  a  minimum  thickness  of  23-2  in.  The  thickness  is  generally  made  unifo» 
throughout,  though  the  stresses  call  for  a  uniform  increase  in  thickness  from  the  crown  towar 
the  base. 

299.  Framed  Domes. — Though  admirable  domes  of  masonry  have  been  built  in  ancie 
times,  the  framed  dome,  with  all  its  structural  members  upon  a  mantle  surface,  is  an  inventi< 
of  modern  times.  The  crude  practice  of  constructing  a  dome  of  a  number  of  radialh'  plaa 
trusses  has  not  entirely  vanished,  neither  the  mistaken  idea  of  designing  dome  ribs  like  arch« 
The  forces  acting  upon  a  dome  rib  are  non-coplanar,  though  for  the  sake  of  a  simple  anal^vsis 
is  most  convenient  to  proceed  in  steps  from  a  coplanar  system  of  forces  to  the  forces  outside  t 
plane. 

The  structural  members  of  a  modern  dome  frame  are  the  meridian  ribs,  the  horizontal  rin 
or  belts,  and  the  diagonal  ties.  Their  typical  arrangement  is  shown  in  Fig.  488.  In  order 
avoid  ambiguity  of  stress  the  ribs  are  not  brought  together  at  the  crown  but  abut  against 
horizontal  ring,  termed  the  latern  ring,  though  it  need  not  necessarily  carry  a  lantern  as  inc 
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ited  in  the  figure.  The  lowest  ring  is  termed  the  wall  ring.  It  is  not  really  a  necessary  mem- 
or  of  the  dome  frame  but  introduced  to  counteract  the  horizontal  components  of  the  rib  stresses, 
laving  all  wall  reactions  vertical,  each  equal  to  the  total  load  upon  the  rib  above  it. 

The  ribs  and  the  lantern  ring  are  under  maximum  compression,  and  the  wall  ring  under 
aximum  tension,  when  the  dome  carries  its  maximum  loads.  Any  intermediate  ring  is  under 
aximum  tension  (or  minimum  compression)  when  the  part  of  the  dome  inside  the  ring  carries 
i  maximum  load  while  the  ring  itself  carries  its  minimum  load.  It  is  under  maximum  com- 
■ession  (or  minimum  tension)  when  this  condition  of  loading  is  reversed.  This  is  readily 
iderstood  when  considering  that  in  the  former  case  the  ring  receives  its  maximum  outward 
ish,  increasing  tension  or  reducing  compression,  while  in  the  latter  case  it  receives  its 
aximum  inward  push,  increasing  compression  or  reducing  tension  (see  Figs.  492  and  493). 

Any  diagonal  cross  tie  finally  must  carry  the  diagonal  component  of  the  difference  between 
e  stresses  of  the  ribs  to  the  right  and  left  of  it  Hence,  the  possible  maximum  difference  be- 
een  two  adjacent  rib  stresses  determines  the  maximum  tension  of  the  compensating  diagonal, 
lis  maximum  difference  in  rib  stresses  is  found  generally  in  the  dome  panels  parallel  to  the 
,  rection  of  the  wind,  assuredly  so  under  the  somewhat  severe 
-iiniption  that  the  windward  rib  carries  snow  and  wind  while 
e  leeward  rib  carries  neither. 

All  loads  are  assumed  to  be  concentrated  at  the  panel 
ints  and  the  contributary  load  area  for  any  panel  point  is 
termined  by  the  dimensions  to  midway  between  adjacent 
nel  points,  as  indicated  by  the  hatched  areas  in  Fig.  488. 
le  weight  of  a  lantern  is  carried  by  the  panel  points  of  the 
iitern  ring  while  the  loads  upon  the  lower  halves  of  the  lowest 
IS  are  carried  directly  to  the  points  of  support. 

The  stresses  determined  by  the  following  methods  are 
inpressive  and  tensile  stresses  for  members  straight  between 
nel  points.  For  curved  members  a  bending  moment  equal 
the  axial  stress  F  times  the  rise  of  curve  must  be  considered, 
d  if  the  members  act  also  as  supporting  beams  for  purlins 
rafters,  as  they  mostly  do,  the  bending  moment  due  to  such 
am  action  furnishes  another  component  of  stress.  For  rings  in  tension  the  sum  of  these  two 
nding  moments  make  up  the  resulting  moment  M,  for  rings  in  compression  their  difference, 
vj/ing  for  the  final  design  of  a  curved  member  a  unit  fiber  stress  of 


Fig. 


4SS. — Plan  and  elevation  of 
typical  dome  frame. 


/  = 


Mc 


(2) 


lis  formula  applies  also  to  straight  members  with  M  due  to  beam  action  only.  For  a  rela- 
'ely  long  member,  the  bending  moment  due  to  its  own  weight  may  be  important  enough  for 
iideration. 

Though  stress  theory  is  based  on  freely  turning  joints,  it  is  well  to  aim  at  rigidity  of  joints 
"ltd  provide  a  liberal  amount  of  continuity  across  the  panel  points  in  both  directions.     Such 
•  parture  from  theoretic  assumption  is,  in  this  case,  on  the  side  of  safety. 

299a.  Stress  Diagrams. — ^Let  Fig.  489  represent  a  dome  rib  with  panel  loads 
■  ,  P2,  Pz,  Pi,  and  wall  reaction  Pi_4.  Assume  auxiliary  horizontal  forces  Hi  to  Hi  acting  at 
13  panel  points  1  to  5  in  the  meridian  plane  of  the  dome  rib,  so  that  all  forces  immediately  con- 
ilered  are  coplanar.  The  lower  part  of  the  stress  diagram  can  now  be  drawn  in  the  usual  way. 
ginning  with  the  3  forces  at  panel  point  1,  draw  the  force  triangle  PiRiHi.  Proceeding  to 
inel  point  2,  draw  R2H2  and  so  on,  until  the  rib  stresses  Ri  to  R^  and  the  auxiliary  forces  Hi 
1  Hi  have  been  determined,  H^  being  the  sum  of  Hi  to  Ha,  or  the  closing  line  of  the  force  tri- 
'■2,]e  for  panel  point  5.  All  that  remains  now  is  to  resolve  each  one  of  the  auxiliary  forces  H 
i  0  its  two  component  rings  or  belt  stresses  B  which  is  done  in  the  upper  part  of  the  diagram, 
(2  plan  of  the  dome  furnishing  the  direction  of  the  /i-lines. 

Since  the  angle  between  the  fi-lines  is  often  quite  acute,  the  5-stresses  may  as  well  be  de- 
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termined  by  simple  computation.     Thus  let  b  be  the  length  of  any  5-member  and  h  its  horizon 
distance  from  the  center  of  the  dome,  then,  by  similar  triangles, 


Hi 


Bi  =  H2 


etc. 


Fig.  489. — Plan  and  elevation  of  dome  rib. 


Fig.  490. — Maximum  rib  stresses  and  maximum 
for  lantern  and  wall  ring. 


A  diagram  like  Fig.  489  drawn  for  maximum  dead  and  live  loads  will  furnish  the  maximt 
stresses  for  the  dome  ribs,  the  lantern  ring,  and  the  \\  all  ring.  Fig.  490  is  another  stress  diagra 
for  these  3  principal  stresses,  and  though  different  in  form  from  Fig.  489,  it  needs  no  furtii 
explanation. 

The  sense  or  stress  In  dome  ribs  and  lantern  ring  is  always  compressive,  that  of  the 

ring  is  always  tensile.  The  stresses  1 
the  intermediate  rings,  however,  mayi 
either  compression  or  tension  accordil 
to  the  distribution  of  load,  shape 
dome,  or  position  of  ring.  Fig.  4 
shows  diagrams  for  determining  ma 
imum  compression  and  maximum  tel 
sion  in  these  rings  and  are  self-explan 
tory.  A  maximum  difference  betwe 
any  belt  load  and  the  loads  inside  t 
belt  is  sometimes  caused  bj-  snow,  but 
is  well  to  consider  that  during  constru 
tion,  a  roof  covering  (slate,  for  instano 
may  be  put  on  either  from  wall  ring  1 
towards  the  crown  or  inversely,  and  1 
^  the  same  way  the  mode  of  constructi* 
of  a  plastered  ceiling  may  furnish  tl 
critical  case  for  maximum  stresses 
intermediate  rings.  Fig.  491  might 
combined  into  one  diagram,  but  tl 
multiplicity  of  lines  would  be  somewhi 
confusing. 

The  maximum  difference  in  pan 
loads  between  adjacent  panel  pointSi 
is  readily  seen,  will  be  given  by  a  loading  reaching  to  midway  between  such  points.  One  pan 
point  is  carrying  then  3^  X  M  =  H  of  a  full  panel  load  and  the  other  K  +  J^  X  ?i  =  f 
giving  a  difference  of  ^i  panel  load.  It  is  generally  assumed,  however,  that  one  panel  poii 
may  carry  a  full  live  load  while  the  adjacent  one  carries  none.     On  this  assumption,  stre 


m/n/^^ 


max./^" 


Max.  compression  in  internied 
iate  rings. 

Fig.    491 


tension  in  intermediate 
rings. 


\ 


3-299a] 


STRUCTURAL  DATA 


709 


(iigrams  like  Figs.  492  and  493  may  be  drawn  giving  maximum  H  for  live  load  ring  tension 
jkring  compression.  These  must  be  combined  with  H  for  total  loads,  Fig.  489,  in  order  to 
(itain  the  total  maximum  which  was  obtained  directly  by  Fig.  491.  The  stress  T  in  a  diagonal 
t  is  a  maximum  where  the  difference  between  two  adjacent  rib  stresses  is  a  maximum.  This 
Cjtical  case  of  maximum  difference  may  occur  during  construction  while  a  roof  cover  or 
jistered  ceiling  is  carried  gradually  around  the  frame;  it  may  be  furnished  by  a  one-sided 
E)W  load,  by  wind,  or  by  snow  and  wind.  The  maximum  load  difference  for  two  adjacent 
IS  due  to  one-sided  roof  cover,  plastered  ceiling,  or  snow,  is  a  ^i  panel  load  as  before. 


Max.  outward  Max.    H    for 

push  on  n.  live    load    ring 

tension. 
Fig.  492. 


Max.   //    for 
live-load      ring 
compression 
FiQ.   493. 


The  maximum  wind  pressures  (as  given  in  Fig.  487)  decrease  horizontally  around  the  dome 
eero  where  the  panels  are  parallel  to  the  direction  of  the  wind.     Referring  to  Fig.  488 

n'  =  n  sin  c 

referring  to  Formula  (1),  the  normal  wind  pressure  for  any  point  of  a  spherical  surface  is 
iij  n'  =  p  sin  i  sin  c  (4) 

Isignating  a  full  panel  wind  load  by  riA,  the  maximum  wind  load  difference  between  two  ad- 
j  ent  panel  points  is 

for  regular  polygons  of  8  16  24  32  sides 


nearly   3^ 


\^^x.R' 


iG.  494. — Max.  tie 
bUs  construction  upon 
die  panels  developed. 


Fig.  495. — Wind 
stress  diagram. 


Fig.  496. — Relative  stress  economy  due  to  difference 
in  forni  only. 


Casidering  that  wind  and  snow  will  hardly  be  a  maximum,  at  the  same  time,  it  seems  reason- 
ae  to  assume  the  maximum  difference  between  adjacent  rib  stresses  to  be  due  to  >^  live  load, 
o:i^  wind  and  snow  load  combined,  and  determine  the  maximum  tie  stresses  accordingly. 
"Is  may  be  done  by  projection  upon  the  dome  panels  developed,  as  shown  in  Fig.  494,  or  by 
81  pie  computation  thus:  If  t  be  the  length  of  a  diagonal  tie  T,  r  the  length  of  the  adjacent 
ri'  fi,  and  R'  the  stress  difference  between  them,  then  by  similar  triangles 
max. 


T       t  t 

—        s>  =  ^  or  max.  T,  =  max.  Ri'  — 
max.  R        r  n 


max.  Ti  =  max.  Ri 
etc. 


(5) 
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Fig.  495  gives  a  stress  diagram  for  wind  loads  normal  to  the  dome  surface,  while  Fig.  496  ly 
illustrate  possible  economy  in  design  due  to  form  only,  span  and  rise  being  the  same  for  le 

^  =  —  1  . 

panel  points  of  II  upon  a  circle,  and  those  of  III  upon  a  straight  line.  The  three  stress  diagrg  3, 
I',  II',  and  III',  are  drawn  to  the  same  scale  and  for  the  same  dead  loads.  Comparing  stig 
diagram  I'  with  II',  shows  lai'ger  stresses  for  lantern  ring  and  upper  rib  members,  smaller  stre  a 
for  lower  rib  members  and  wall  ring,  and  zero  stress  for  intermediate  rings.  The  intermed  « 
rings  will  be  stressed,  however,  by  variable  loads,  and  the  economical  advantage  of  I  over  \  is 
more  theoretical  than  real.  The  lack  in  economy  of  III  becomes  evident  by  comparison  \  h 
I  or  II.  For  a  practical  example,  the  location  of  the  panel  points  for  I,  Fig.  496,  may  be  c  1- 
puted  as  follows : 

d     „  30 


Let  s  =  90  ft.  and  d  =  30  ft.,  then 
points  15  ft.  apart  horizontally 


y  =  Ti^ 


729,000 


a;3  =  0.0000412x2,  hence,  with  p  ;1 


2/1  =  0.0000412  X      3,375  =  0.14  ft. 

7/2  =  0.0000412  X    27,000  =  1.11  ft. 

y^  =  0.0000412  X    91,125  =  3.75  ft. 

y4  =  0.0000412  X  216,000  =  8.90  ft. 

?/5  =  0.0000412  X  421,875  =  17.35  ft. 

Figs.  489  to  496  will  serve  to  show  that  graphical  methods  are  quite  general  in  applical  i, 
giving  quick  results  for  any  form  of  dome,  convex  or  conical,  bell  shaped  or  onion  shaped,    y 

inverse  operation,  the  shape  of  a  dome  may  be  alt'  d 
to  conform  to  a  desired  relation  or  result  of  stresse 

2995.  Stress  Formulas. — Stress  form  s 
for  domes  are  stated  generally  in  terms  of  trigone  - 
trie  functions,  but  since  the  slope  angles,  or  their  fi  - 
tions,  must  first  be  determined  by  operating  '  li 
dimensions,  or  by  scaling  upon  the  dome  drawin  t 
seems  more  direct  and  more  convenient  for  e 
memory  to  give  these  formulas  in  terms  of  dimen  n 
or  line  ratios.  Slope  angle  functions,  however,  1  y 
be  readily  substituted  if  desired. 

Stress  formulas  for  the  intermediate  rings  "  1. 
for  choice  in  application  and  a  clearer  comprehene  1. 
be  given  in  two  forms:  (1)  for  direct  maximum  i 
minimum  values,  analogous  to  Fig.  491;  and  (2)  r 
total  loading  and  for  maximum  difference  between  adjacent  panel  loads,  analogous  to  I  •• 
489,  492,  and  493. 

Now  let  P  =  a  maximum  panel  load. 
D    =  a  nominal  dead  load. 

L     =  a  nominal  live  load,  such,  that  at  any  one  time  P  —  D  =  L  gives  e 
maximum  possible  difference  between  adjacent  panel  points. 

Pi_2  be  an  abbreviation  for  Pi  +  P^. 

Pi_3  be  an  abbreviation  for  Pi  +  P2  +  P3,  etc. 

7-1  to  Ti  be  the  length  of  rib  members  Ri  to  R^. 

h\  to  hi  be  the  length  of  belt  members  B\  to  Bi. 

h  to  ti  be  the  length  of  tie  members  T\  to  Ta. 

pi  and  hi  be  the  vertical  and  horizontal  projection  of  ri,  etc. 

^0  be  the  horizontal  distance  from  center  of  dome  to  Bi. 

Then  by  similar  triangles  throughout,  and  referring  to  Fig.  497,  all  formulas  may  be  writtei 
follows : 


Fig.  437. — Plan  and  elevation  of  dome  rib. 


I 


(C.  3-2996] 


Rib  Stresses: 


Belt  Stresses: 
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Ri  ri  .  p  ri 
i^  =  —  or  Ri  =  Fi  — 
Pi      pi  Pi 

R,  =  P:_3;^ 

P3 


711 


(6) 


Hi  hi  jj  „ 
-5-  =  —  or  Hi  =  r 
Pi      Pi 


hi 


Pi 
Bi        ho        r,        IT    ho       j^  hi      ho 
-^-^orBi=Hi-^  =  Pi-- 

L      Pi  P2J01 

min.  B,=  r   D.A-(Di+P2)— 11° 

L       pi  P2J  0 

max.  ^3=  rPi-2— -  (Pi-2  +  Dz)^ 

L  P2  P3 

min.  B;,=  rDi_2— -  (Di_2  +  P3)— 

L  P2  Ps 

max.  £4=  [Pi-s— -  (P.-3  +  D4)  — 
L       Pi  Pi 

min.  ^4=  [Di-s— -  (Di_3  +P4)—     , 

L        Pi  pii  oi 

B5  =  Pi-4  —  •  r^  =  tension  in  wall  ring 
Pi    bi 


-r-  =  compression  in  lantern  ring     (7) 

Oi 


(8) 


Tie  Stresses: 


(9) 


(10) 


sitive  values  of  Formulas  (S)  mean  tension,  while  negative  values  mean  compression,  hence 
nximum  and  minimum  applies  in  an  algebraic  sense.  In  other  words:  a  maximum  is  either 
iiigh  plus  value  (high  tension)  or  a  low  minus  value  (low  compression),  while  a  minimum  is 
(her  a  high  minus  value  (high  compression)  or  a  low  plus  value  (low  tension).  Note  that  a 
1  -d  at  any  panel  point  does  not  influence  the  stress  in  any  member  above  it,  and  that  the  formu- 
1  for  maximum  B  are  the  same  as  for  minimum  B  except  that  P  and  D  have  exchanged  posi- 
1  n.  Compare  this  with  Fig.  491,  where  maximum  P  and  minimum  P  were  used  instead  of 
iand  D. 

r 
Note  further  that  L  -  •  Formula  (10),  means  rib  stress  due  to  a  nominal  live  load  equal  to  the 

nximum  possible  difference  between  adjacent  panel  loads.     Compare  with  Formula  (5). 
Formula  (8)  may  be  replaced  by  the  following  simpler  forms: 

^2\  ho 


B-,  = 
B,  = 
B 


Pi^   -Pi_=      ,, 
Pi  P2/O1 

/i2       p       hA  ho 
i  1-2 "1-3  —  )  r~ 

P2  P3/ 

D       hi\ho 
pj  bi 


\        Pi  pJ  ' 


(11a) 


ring  the  stresses  due  to  P.  Plus  values  mean  tension  and  minus  values  mean  compression. 
'  ese  stresses  must  be  combined  with  the  stresses  due  to  a  maximum  ditference  L  between 
f  jacent  panel  loads,  namely,  a  tension  for 

ID         J    hi     ho      „    _j        hs     ho  hi     ho 

P2     bi  Pa     Oi  p4     Oi 


.  a  compression  for 


B.,  =  L: 


ho 


ho 
bi 


B, 


p,-. 


ho_ 
bi 


pi     bi 


(lift) 


(lie) 


45 
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Note  that  in  (8)  as  well  as  in  (11),  ,—  is  the  constant  multiplier  which  resolves  all  //-forces  i; 

/^-stresses  as  in  Formula  (3). 

It  will  readily  be  seen  that  all  stress  formulas  may  be  looked  upon  simply  as  analjiii 

expressions  of  stress-diagram  lines;  simi 
triangles  are  the  simple  bases  of  derivat 
for  both,   or  the  geometric  links  betwt 
form     of     structure,     stress     diagram, 
formulas. 

299c.     Numerical     Example. — Let 

be    required   to   design   a    dome    of   180-ft.  span 
30-ft.  rise  with  panel  points  upon  a  spherical  surf 

902  + 

The  radius  of  the  generating  circle  =  ^ 

bU 

=  150  ft.  Choosing  rings  15  ft.  c.  to  c.  horizont 
and  a  corresponding  arrey  of  32  ribs,  the  length  o 
members  c.  to  c.  panel  points,  and  other  dimena 
required,  may  be  computed  or  scaled  with  suffiri 
accuracy  from  a  skeleton  drawing.  These  dimens 
are  given  in  Fig.  498.  Assuming  15  lb.  for  fra 
work  with  tar  and  gravel  roofing,  10  lb.  for  plast 
ceiling,  and  25  lb.  for  snow  and  wind,  or  a  1 
the  stresses  for  total  loading  will  be  determined  by  Formulasi 


Fig.  498. — Part  plan  and  elevation  of  dome 
of  dome   surface 


loading  of  50  lb.  per  sq.  ft 
(7),  (11a),  and  (9)  as  follows: 


For  panel 

point                                 1 

The  panel 

area       =                       50 

The  panel  load  P  =                 2500 

Summing, 

P            =                   2500 

Rib  Stresses: 

Ri  = 

-  (2500)(15.17/2.29) 

R2   = 

-  (7000)(15.50/3.87) 

R^  = 

-  (13,950)(16.02/5.62) 

Ri  = 

-  (23,650)(16.90/7.57) 

R,  = 

-  (36,450)(17.97/9.90) 

2 

90 

4500 

7000 


3 

139 

6,950 

13,950 


4 

5 

194 

256  sq.  fi 

9,700 

12,800  lb. 

23,650 

36,450  lb. 

(All  stresses  are  slide  rule  values) 

16,570  (compression) 
26,120  (compression) 
39,700  (compression) 
40,000  (compression) 
66,200  (compression) 

Belt  Stresses: 

Bi  =  -  (2500)(15/2.29)(15/2.94)  =   -  83,600  =  compression  in  lantern  ring. 

B2  =  [(2500)(15/2.29)  -  (7000)(15/3.87)l(15/2.94)  =   -  54,800  (compression) 

Bi  =  l(7000)(15/3.87)  -  (13,950)(15/5. 62)1(15/2.94)       =   -  51,600  (compression) 

Bi  =  [(13,950)(15/5.62)  -  (23,650)(15/7.57)](15/2.94)  =   -  49,400  (compression) 

Bi,  =  [(23,650)(15/7.57)  -     36,450)(15/9. 90)1(15/2. 94)  =   -  42,100  (compression) 

Be  =  (36,450)(15/9.90)(15/2.94)  =  281,400  =  tension  in  wall  ring. 

Increase  or  decrease  in  belt  stresses  due  to  a  nominal  live  load  L  (or  an  assumed  maximum  difference  between  f  'm 
loads  at  the  ring  and  those  within  the  ring)  of  10  lb.  per  sq.  ft.  due  to  ceiling  construction  or  other  causes. 


For  pane!  points 
Nominal  live  load  L 
Summing  L 


1 
500 
500 


2 
900 
1400 


3 
1390 
2790 


4 
1940 
4730 


By  Formula  (116) 


By  Formula  (lie) 


B2 
Bi 
Bi 
Bi 

B2 
Bz 
Bi 
B, 


(500)(15/2.29)(15/2.94)  = 
(1400)(15/3.87)(15/2.94)  = 
(2790)(15/5.62)(15/2.94)  = 
(4730)(15/7.57)(15/2.94)    = 


2560  lb. 
lb. 

16,750  (tension) 
27,700  (tension) 
28,200  (tension) 
47,900  (tension) 


-  (900)(15/3.87)(15/2.94) 

-  (1390)(15/5.62)(15/2.94) 

-  (1940)(15/7.57)(15/2.94) 

-  (2560)(15/9.90)(15/2.94) 


=  —  17,800  (compression) 

=  —  18,900  (compression) 

=  —  19,600  (compression) 

=  —  19,800  (compression) 


Tie  stresses  due  to  a  nominal  live  load  L  (or  an  assumed  ma.ximum  difTerenee  between  to  adjacent  panel  lo 
of  ^i  of  a  20-lb.  snow  load  =  15  lb.  per  sq.  ft. 

For  panel  points  12  3  4  5 

Nominal  live  load  L  =  750  1350         2085         2910         3840 

Summing  L  =  750         2200         4285  7195  11,035 


* 
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1  Formula  (10)           Tx  =  (750)(15.82/2.29)  =  5,180  lb. 

T2  =  (2200)(17. 17/3.87)  =  0,770  1b. 

Ta  =  (428o)(19.0o/5.62)  =  14,540  1b. 

T^  =  (7195)(21.50/7.57)  =  20,400  1b. 

Ti  =  (11,035)(24. 21/9. 90)  =  27,000  lb. 

^ng  the  two  compressions  for  intermediate  rings  gives  the  maximum  axial  compression  for 

Bi  Bs  Bi  Bi 

72.600  70,500  69,000  61,900  1b. 

I'se  ring  members  will  also  serve  as  supporting  beams  for  wooden  rafters,  radiating  with  the  rib  members  and 
eying  wooden  sheathing  and  roof  cover.  Hence,  in  addition  to  the  maximum  axial  compression,  they  will  be 
ejected  to  a  flexural  stress  due  to  beam  loads  P2,  P3,  Pt,  and  Ps,  and  should  be  designed,  in  agieement  with 
I,mula  (2),  giving  a  fiber  stress 

f  _   B     ,    Pb      c  .f' . 

A  -    8    '  I  <Ni^^^~S^- 

/  dome  members  will  be  of  steel  and  straight  between  panel  points  except  the  lantern  /'/   '-  -'^X'- 

r  :  which   will  be  curved.      The   wooden   rafters  may  be  cut  to  the  curvature  of  the         /  /         "-.     ,■  f      \  \ 
d  ic  without  great  expense.  :    I  -'■.  I    ! 

r/.e  rfesiyri  o/<Ae  ianZern  rinj;  requires  particular  care.     In  addition  to  its  maximum  "-.V      ,-'  '•.      // 

a  1  compression,  it  is  subjected  to  bending  by  any  inequality  in  thrust  of  the  abutting  /^Si- i^iiv' 

r  members.     It  must  hence  be  made  stiff  as  a  whole,  both  vertically  and  horizontally,  -/TTTTT^vj 

a    spliced  to  its   maximum   obtainable   value  so  as  to  make  it  a  continuous  circular  '  '    ' 

g  cr  beam.  Y\g.  499.— Bending   ac- 

The  bending  action  due  to  the  horizontal  components  of  thrust  inequalities  may  be         tion  on  lantern  ring, 
c  puted  upon  the  severe  assumption  that  the  nominal  live  loads  L  act  upon  two  op- 

\  te  quadrants  of  the  dome,  while  the  other  two  quadrants  carry  no  live  load.  Then,  referring  to  Fig.  499,  if  r  is 
t  radius  of  the  ring  and  p  a  uniform  load  per  foot,  the  bending  moment  of  the  ring  is 

M  =  \  rr^  (12) 

o 

I  the  present  example,  the  horizontal  thrust  of  Ri  for  a  nominal  live  load  of  15  lb.  persq.  ft.  is  (750) (15/2.29)  = 
4Hb. 

4930 

„  q .     =  1680  lb.  per  ft.  of  lantern  ring. 

M  =  (1/5)(1680)(15)2  =  75,500  ft.-lb.  =  453  in.-tons 
1    axial  compression  in  the  lantern  ring  is  42  tons.     For  a  Bethlehem  12-in.  78-lb.  H  section,  A  —  22.9  and 
r  102.6.     Formula  (2)  gives  a  maximum  fiber  stress  of 


42  453 

'  ^  22^  "*"    102  6  ^  ^"^^  ^^^^  ^^^  ^^'  ^"' 


300.  Framing  Material  and  Cover. — Although  the  framing  material  and  cover  are  governed 

lively  as  for  building  construction  in  general,  by  economy,  temporariness,  permanency,  archi- 
ttural  requirements,  building  laws,  etc.,  it  may  here  be  emphasized  that  timber  is  a  suitable 
nterial  even  for  very  large  domes.  With  all  purlins  or  rafters  cut  to  the  curvature  of  the  dome 
a  I  well  connected  to  either  a  timber  or  a  steel  frame,  good  timber  sheathing  %  or  1  in.  thick, 
a.l  thoroughly  nailed  down  in  two  diagonal  layers,  will  supply  a  considerable  amount  of 
being,  and  for  smaller  domes  perhaps  the  only  bracing  necessary.  For  steel  dome  frames,  up 
1 50  ft.  diameter  and  more,  sufficient  bracing  may  also  be  obtained  by  the  use  of  gusset  corner 
Ftes  parallel  to  the  dome  surface  at  all  panel  point  connections.  A  reinforced  concrete  shell 
U)n  a  steel  dome  frame  will  naturally  take  theplaceof  the  diagonal  panel  bracing,  but  the  spac- 
i)  of  either  ribs  or  rings  for  such  structures  should  be  to  accommodate  a  thin  shell  reinforced 
iitwo  directions.  For  close  rib  spacing,  alternate  ribs  may  terminate  halfway  up.  A' steel 
line  entirely  fireproofed  with  concrete  seems  an  uneconomical  structure  if  reinforced  concrete 
T.i  and  rings  of  not  much  larger  bulk  will  do  the  work.  However,  most  reinforced  concrete 
dues  so  far  constructed  are  solid  shells  without  ribs  or  rings  except  a  lantern  ring  if  not  entirely 
c  itinuous  at  the  crown. 

301.  Solid  Domes. — The  analysis  of  solid  domes  is  not  essentially  different  from  that  of 
fined  domes.  If  the  ribs  and  rings  of  the  latter  are  imagined  to  be  spaced  closer  and  closer, 
t  stress  conditions  of  a  solid  dome  are  practically  realized. 

sola.  Graphical  Method. — Fig.  500  (a)  represents  a  stress  diagram  for  a  solid 
tiispherical  dome  analogous  to  Fig.  490  for  a  framed  dome.     The  triangles  01 '1",  02'2",  03'3", 
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etc.  are  force  triangles  of  P,  R,  and  H  for  points  1,  2,  3,  etc.,  hence  the  curve  01'2'3'  etc.,  i 
closing  these  force  triangles,  gives  R  and  H  for  any  point  along  the  meridian  section  of  the  dot- 
The  area  of  a  spherical  segment  is  2irry,  hence  all  belt  areas  are  proportional  to  their  i 
This,  for  a  spherical  dome  of  uniformly  distributed  loading  p  per  sq.  ft.  of  surface,  permits c 
rapid  plotting  of  diagrams  like  Fig.  500  (a),  as  indicated.     The  total  weight  of  a  hemisplii 

(.  =  27rr2p)  laid  off  to  a  convenii 

"^'  7jii^    "cti  scale   from    the    center  of  i 

^^^^4*^^'"^^         5  dome  along  its  vertical  axis,  a 

~  '  any  equal  or  unequal  divis! 

into  belts  projected  upon  it 
shown,    furnishes  at  once 
complete    load    line     with< 
further  computation.     H  is 
horizontal  shear  across  the  si 
as  indicated  by  pairs  of  arro' 
It   reaches  a  maximum  wh 
the  stress  curve  01'  2'3'etc 
turns,  namely,  at  an  angle 
tween    generating    radius  £ 
vertical  of  51  deg.   50  min. 
shown.     Above  this  point 
belt  stresses  B  are  compress! 
below  it  they  are  tensile. 

The  difference  AH  betw 
two  //^-lines  enclosing  a  bel^ 


._.J Equator-:^ 

90O    9  ^ 

Without  Lantern 


„,    y.  . 
^9' 


With  Lantern 
(b) 


Fig.   500. — Stress  diagrams  for  solid  domes. 


AH 


the  radial  horizontal  thrust  around   this  belt.      ^ —  equals  thrust  per  unit  circumfere; 

To  determine  B,  let  Fig.  501  represent  a  unit  length  of  a  horizontal  ring,  largely  exaggerat 
Then  by  similar  triangles 


B: 


AH 

2-KX 


1     oxB 


AH 

2ir 


This  gives  the  belt  stress  per  foot  of  meridian  if  AH  is  taken  accordingly,  as  shown  in  Fig.  500 

K —  gives  the  meridian  stress  per  foot  of  circumference  of  belt. 

For  ■practical  application  the  load  line  is  made  equal  to  r^p,  thus  eliminating  2ir  from 
operation  and  obtaining: 

B  =  AH  =  belt  stress  per  foot  of  meridian. 


T> 

and  —  =  meridian  stress  per  foot  of  belt. 


lantern    ring    =    H  at 


Bl 


AH 


Fig.  501. — Determination  of  belt  sti 


Compression    concentrated    in 
lantern. 

Tension  concentrated  in  wall  ring  —  H  at  wall. 
The  latter  will  be  a  maximum  for  a  dome  terminating  at  51  deg.  50  min.,  where  A^  is  zero 
90  deg.  H  is  zero  and  AH  a  maximum.  Note,  however,  that  the  stress  diagram  may  be  c« 
tinned  for  domes  extending  spherically  below  the  equator  where  the  wall  ring  stress  would  tl 
be  compressive. 

Fig.  500  (o.)  is  drawn  for  a  dome  continuous  at  the  crown,  while  Fig.  500  (b)  will  showi 
slight  difference  for  a  dome  with  lantern 

For  a  dome  shell  increasing  in  thickness  from  crown  to  base,  or  for  nonuniform  loading,  t 
load  line  is  determined  in  the  usual  way,  using  belt  areas  ry. 

In  order  to  comprehend  the  stress  conditions  at  the  crown  of  a  closed  dome,  imagine 
lantern  ring  replaced  by  a  solid  plate  which  must  necessarily  be  under  compression  in  all  (fir 
tions. 

P'or  a  conical  dome  the  method  is  still  simpler,  but  the  stress  diagram  had  better  be  dw 
analogous  to  III'  (Fig.  496). 
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3016.  Analytical  Method. — Dead  plus  live  load  per  square  foot  of  surface  is 
il{i?nated  by  p.     The  area  of  a  spherical  cap  above  a  plane  cc  (Fig.  502)  equals  2  irry. 

I  The  vertical  reaction  along  circumference  cc  =  total  load  above  cc,  that  is,  2irxR  sin  v  = 
2)i,/p,  or  since  x  =  r  sia  v  and  y  =  r  (1  —  cos  v) 

yp         rpd  —  cos  v)  rp 


7?  = 

I  sin^  V  (1  —  cos^  v)       1  +  cos  v 

R  the  meridian  stress  per  unit  length  of  circumference  of  belt.     At  the  crown  cos  v 


(13) 

=  1, 
At  the  equator  cos  w  =  0,  hence  R  =  rp.     Now  let  B  be  the  belt  stress  per 

ur  length  of  meridian,  then  from  the  greatly  exaggerated  force  plans  of  Fig.  502,  in  which  Av 
u  Ah  are  very  small  angles. 

1  B 


H    =  2B  sin  Ah  =  2R 

2x 

and      2R  sin  Av  =  2R^ 


=  ^ 
2r  r 

r= radius  ofspherica/  she// 
p^weighf-  per  sq.f/.ofsur&ce 
\ 


'CompnJensm 


'vry^' 


Fig.   502.— Dome  shell. 


Fig.   503. — Stress  values  for  solid  domes. 


Tl  three  forces  B,  R,  and  p  upon  unit  area  at  c  must  be  in  equilibrium,  hence  their  components 
in  ly  direction  =  0.    This  for  direction  r  gives 


B    .         ,    R 

—  sin  V  +  - 
X  r 


p  cos  V  =0 


and  since  R 


rp 


,     ,  and  ~. — 

1  +  cos  V  sm  V 


B  =  rp(cos  V  — 
rp 


cos  v/ 


(14) 


1  +  cos 

!fhe  crown  cos  v  =  1,  hence  B  =  —■    At  the  equator  cos  w  =  0,  hence  B  =  —rp  (tension) 

1  ■^ 

Following  is  a  table  of  (1  +  cos  v)  and  (cos  v  —  z — ; )  for  convenient  application  of 

1  +  cos  v/  ^^ 

Foaulas  (13)  and  (14),  and  Fig.  503  is  a  graphical  representation  of  these  formulas. 

(1  +  cos  v) 


Angle  V 


(cos  V  — 


0 

2.000 

10 

1.985 

20 

1.940 

30 

1.866 

40 

1.766 

50 

1.643 

51  deg.  50  min. 

1.618 

60 

1.500 

70 

1.342 

80 

1.174 

90 

1.000 

1  +  cos  V 
-0.500 
-0.482 
-0.425 
-0..331 
-0.201 
-0.034 
+  0.000 
+0.167 
+0.403 
+0.678 
+  1.000 
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The  vertical  and  horizontal  wall  reactions  per  foot  of  wall  ring  are  R  sin  v  and  R  cos  v.    ' 
tension  in  the  wall  ring  is  Rx  cos  v. 

301c.  Reinforcement. — The  reinforcement  is  placed  in  direction  of  meridi 
and  horizontal  belts.  Outside  of  wall  ring  or  of  the  tension  belt  area  below  51  deg.  50  a 
the  shell  need  only  be  lightly  reinforced  against  shrinkage  and  temperature  cracks,  for 
unit  compression  of  the  concrete  will  ordinarily  be  found  very  low.  For  a  semispher 
dome,  for  instance,  of  100-ft.  span,  and  6-in.  thickness  of  shell,  and  a  loading  of  72  lb. 

144  X  5< 

sq.  ft.  in  addition  to  its  own  weight,  the  compression  and  tension  at  the  base  =  — t^ — 

100  lb.  per  sq.  in.,  and  the  compression  at  the  crown,  one-half  of  this. 

It  is  assumed  generally  that  the  pressure  surface  of  a  dome  shell,  analogous  to  the  p  - 
sure  line  of  a  well  designed  arch,  may  oscillate  within  the  middle  third  of  the  thicknes  { 
the  shell,  hence  the  maximum  unit  compression  should  not  exceed  one-half  of  the  permiss  e 
compressive  stress  of  the  concrete.  This  is  of  less  importance  for  architectural  domes,  r 
which  as  already  stated,  the  compression  of  the  concrete  will  hardly  ever  reach  that  amoi  . 
but  for  subterranean  domes  and  domes  for  tanks  under  large  earth  or  water  loads,  it  1 
determine  the  thickness  of  the  shell. 
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GENERAL  DESIGNING  DATA 


ARCHITECTURAL  DESIGN 

By  Arthur  Peabody 

1.  Theory  of  Design. 

la.  Three  Fundamentals. — In  1624  Sir  Henry  Wotton,  an  English  architect, 
ed  the  requirements  of  good  architecture  in  three  words,  "commoditie,  firmeness  and 
dght." 

This  covers  the  ground  today  as  it  did  300  yr.  ago.     A  building  that  is  commodious  in 
tl  sense  of  being  suitable  and  sufficient  for  the  intended  use,  one  that  will  withstand  the  effects 

0  ature  and  the  loads  and  strains  to  which  it  is  subjected,  and  that  is  pleasing  to  the  intelligent 

1  unprejudiced  observer,  represents  good  architecture.  None  of  the  three  primary  elements 
a:  independent  of  the  others.  The  plan  must  be  sufficiently  flexible  to  meet  the  demands 
0)  Lability  and  appearance.  The  structural  system  must  adapt  itself  somewhat  to  conditions 
ai  the  artistic  scheme  must  be  perfected  without  seriously  trenching  upon  the  other  elements. 

16.  The  Language  of  Design. — A  design  must  declare  its  intention,  so  far  as 
P'iible.  It  should  indicate  the  character  of  the  building  as  political,  religious,  domestic,  etc. 
Ii  he  expression  of  this  lies  a  good  measure  of  its  success.  The  several  parts  of  a  design  must 
bin  harmony  if  not  in  symmetry,  and  in  scale — that  is  to  say,  commensurate  one  with  the 
n.  Finally,  good  design  requires  grace  of  form,  articulation  of  parts,  dominant  elements, 
pi  portion  and  emphasis.     These  qualities  are  dependent  upon  mass,  outline,  color  and  detail. 

Ic.  Characteristics  of  Design. — A  design  may  be  simple,  that  is,  consist  of  a 
fe  elements  dominated  by  a  single  point  of  interest,  as  in  a  church  spire.  It  may  be  complex, 
wi  similar  parts  symmetrical  about  a  central  axis  like  the  Elizabethan  Manor,  or  irregular, 
w  1  sharply  articulated  masses  arranged  in  a  picturesque  manner  so  as  to  bring  about  a  pleasing 
re.lt,  as  in  the  dormitory  quadrangles  of  some  of  our  Universities.  The  ordinary  limits  of 
tl  safe  use  of  materials  and  structural  methods  should  be  kept  in  mind.  Curious  expedients 
fothe  solution  of  problems  arouse  criticism  and  usually  reflect  on  the  quality  of  the  design. 
T.:  element  of  apparent  stability  affects  the  impression  of  beauty.  Apparent  stability  is 
ovnarily  connected  with  mass.  A  stone  column  appears  to  be  stronger  than  an  iron  post 
ofqual  structural  value.  The  appearance  of  strength  is  therefore  satisfied  better  in  some 
inances  by  stone  than  iron.  From  the  customary  mental  attitude  toward  them,  columns 
a1  ibute  strength  to  a  building  although  used  in  a  purely  decorative  way.  On  the  other  hand, 
0]  lings  out  of  scale  with  the  design,  though  constructed  in  a  very  stable  manner,  detract 
'r  ii  apparent  strength  and  reduce  architectural  value. 

Id.  Use  of  Elements. — In  the  matter  of  scale,  small  units  may  be  made  to 
in  ease  the  apparent  size  of  a  building,  or  large  ones  to  diminish  it.  Architectural  size  is 
m.sured  in  terms  of  the  human  figure.  It  would  be  impracticable,  however,  to  adhere  closely 
tchis  unit,  especially  in  sculptural  decoration  of  buildings.  It  is  necessary  to  increase  such 
fiires  to  avoid  the  appearance  of  diminution,  due  to  juxtaposition  with  elements  that  must 
initably  partake  of  unusual  dimensions.  The  actual  size  of  units  must  harmonize  with 
tl  scale  of  the  building.  Very  large  stones  appear  out  of  place  on  a  small  cottage,  or  very 
aril  stones  on  a  large  building.  Expecially  on  the  interior,  members  of  great  strength  must 
b<ponsiderably  masked,  to  obviate  their  crushing  effect.  In  short,  "absolute  frankness" 
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would  be  as  disastrous  in  architectural  design  as  in  everyday  life.     Vertical  lines  add 
to  slenderness.     Horizontal  lines  increase  strength.     For  this  reason  fluted  Corinthian  co 
are  used  in  upper  stories,  while  the  Tuscan  order  of  the  lower  parts  may  be  rusticated, 
with  the  massive  ashlar  of  the  building. 

le.  Color  and  Ornament. — Color  is  one  of  the  important  elements  of  c 
The  same  building  which  in  the  purity  of  white  marble  would  reflect  and  etherialize  the  int' 
of  the  architect,  might  be  an  abomination  in  cold  red  sandstone.  The  vagaries  of  c 
Italian  work  are  more  or  less  glossed  over  by  the  magnificient  color  and  quality  of  the  mat 
For  this  reason,  in  the  use  of  mixed  materials  such  as  stone  and  brick,  discretion  is  a 
virtue.  In  a  general  way  delicate  members  are  quite  useless  in  materials  of  strong  and  esp< 
of  sombre  colors.  The  play  of  light  and  shade  is  to  a  great  extent  lost,  and  members 
would  be  adequate  in  light  colored  stone,  appear  weak  and  non-effective.  The  bright 
modern  tile,  or  the  variegated  tints  of  rock  faced  slate,  must  be  reckoned  with  in  the  com 
color  scheme  of  buildings. 

Carved  ornament,  which  may  be  thought  of  somewhat  as  a  color  decoration,  must  be  placed  where 
emphasize  an  idea.  This  it  cannot  do  if  placed  where  it  will  not  be  seen,  or  dissipated  over  a  building  ir 
manner  as  to  signify  nothing  in  particular.  Placed  on  a  bracket  it  increases  the  effect  of  strength  by  its  li 
shadow  and  is  therefore  justified.  The  same  use  applies  to  the  carving  on  a  capital,  which  increases  the  a 
size  and  adds  to  architectural  strength. 

2.  Architectural  Style. — An  architectural  style  is  an  assemblage  of  parts,  ornamen 
details  forming  a  definite  structural  and  ornamental  system  of  design.  It  is  formed  par 
tradition,  partly  on  structural  methods.  A  new  element  introduced  into  an  existing 
may  in  time  produce  an  entirely  new  style,  as  in  the  case  of  the  Gothic,  which  owes  its  exi 
to  the  intelligent  and  persistent  use  of  the  pointed  arch  and  vault,  together  with  the  supp 
buttress,  as  new  elements  applied  to  the  previous  architectural  system  of  the  round  ; 
style. 

A  style  seldom  becomes  free  from  similarity  to  its  predecessor.  It  tends  to  carry  along,  as  purely  orn; 
features,  elements  which  originally  had  a  vital  function.  In  this  way  the  dentils  and  modillions  of  the  Co) 
Order  remain  as  obsolete  members,  the  function  of  the  bracket  having  been  replaced  by  other  structural  el 

2a.  The  Gothic  System. — Gothic  architecture  as  developed  principa 
France  depended  upon  the  arrangement  of  arch  ribs,  vaults,  buttresses  and  flying  but 
so  combined  as  to  make  a  stable,  constructive  system.  The  problem  of  the  vaulting  w 
whole  matter.  During  the  Romanesque  period  this  was  founded  on  the  semi-circulai 
which  from  its  nature  fixed  the  height  of  the  vault  over  a  given  width  of  nave.  The  ad' 
of  the  pointed  arch  freed  the  nave  from  this  limitation.  It  might  then  be  as  high  as  tl 
gencies  of  constructive  materials  would  permit.  To  resist  the  outward  thrust  of  the 
vault  the  expedient  of  the  buttress  was  employed.  As  the  height  was  gradually  increas 
extending  the  wall  of  the  clerestory,  a  second  row  of  braces  called  flying  buttresses  was  emp 
The  system  was  now  complete.  The  buttresses  took  the  place  of  the  heavy  walls  of  the  pr 
Romanesque  style  and  the  spaces  between  were  filled  by  thin  enclosing  walls  pierced  by 
windows.  Over  the  stone  vaults  a  false  roof  of  timber  work  kept  off  the  rain.  The  pr 
of  the  style  led  to  increased  slenderness  and  more  complicated  decoration  until  the  li; 
resistance  was  reached  in  some  cases. 

Military  Gothic  grew  out  of  the  needs  of  the  feudal  system  and  was  developed  most  completely  in  '. 
Based  upon  the  art  of  warfare  of  the  time,  the  castle,  or  chateau,  consisted  of  a  walled  enclosure  of  consi 
area,  with  great  towers  at  points  of  advantage.  The  area  was  divided  into  the  outer  court,  containing  barra" 
drill  grounds  and  other  buildings,  and  the  inner  court  containing  various  buildings  of  good  size,  behind  which 
great  tower,  donjon,  or  keep.  The  castle  was  ordinarily  located  on  broken  ground,  for  defensive  purposes 
bank  of  a  river,  and  particularly  the  land  between  a  river  and  one  of  its  branches,  was  thought  to  be  desirt 
this  reason.  The  keep  would  be  located  at  the  point  of  intersection,  and  the  plan  of  the  works  would  desc 
irregular  triangle,  the  enclosing  wall  following  the  banks  and  the  front  wall  closing  the  interval  between 
The  design  of  the  chateau  varied  with  the  progress  of  military  art  up  to  the  advent  of  gun  powder  in  war.  .\t 
date  the  buildings  of  the  inner  court,  largely  remodeled  and  beautified,  became  the  chateau  or  country  seai 
descendant  of  the  feudal  lord.  Connection  with  civil  architecture  was  thereby  establisiied  and  the  effect  on 
architecture  may  be  seen  in  modern  French  residences  of  large  size. 
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2fc.  Ornaments  of  the  Gothic  Style. — The  method  of  ornamentation  and  the 
iil  of  ornament  in  Gothic  architecture  is  quite  different  from  that  of  the  Renaissance.  It 
iss  sophisticated,  has  less  repose  and  is  less  commonly  repeated  in  exactly  the  same  form. 
s  bold,  variable,  constantly  substituting  equal  values  for  identical  forms,  and  is  imbued 
(i  1  the  virility  and  strain  that  is  characteristic  of  the  style.  Among  the  continuous  ornaments 
moldings,  derived  largely  from  the  grouping  of  slender  shafts  about  a  pier  or  at  the  jamb 

window.     The  intention  of  these  is  to  produce  a  strong  effect  of  verticality  and  of  light 

shade.  During  the  early  period  of  the  Gothic  this  was  the  principal  ornamental  motive. 
;he  decorated  Gothic  the  moldings  were  interrupted  by  ornaments  at  intervals  or  formed 
ontain  them  within  the  concave  members.  These  took  the  form  of  grotesque  heads,  or 
ered  bosses.  In  English  Gothic  a  rounded  ornament  called  the  Tudor  apple  is  spaced 
g  the  moldings,  like  a  series  of  knobs.  The  forms  of  Gothic  moldings  are  to  some  extent 
rmined  by  the  intention  of  serving  as  water  drips.  No  large  projections  give  room  for 
•ration  as  with  the  Classic  cornice.     The  label  or  lip  moldings  of  the  arches  end  in  rosettes. 

slender  cylindrical  shafts  of  the  columns  are  decorated  with  molded  bases  and  elaborately 
ed  capitals.  In  the  complicated  interlace,  derived  from  the  Celtic,  to  the  delicate  leafage 
le  best  period,  the  entire  gamut  of  variety  is  run.     The  shafts  are  sometimes  decorated 

zig  zag  chevrons.     The  bases  are  frequently  round,  or  octagonal,  with  deeply  cut  moldings. 


rom  the  Romanesque  the  diaper  or  lozenge  pattern  is  cai^ied  into  the  style  for  decoration  of  flat  surfaces, 
intersections  of  vault  ribs  are  ornamented  with  carved  rosettes  or  pendants.  Buttresses,  at  first  plain,  are 
decorated  with  pinnacles  bearing  poppy  heads.  The  flying  buttresses,  especially  on  their  pinnacles,  are 
nented  with  crockets. 

The  Gothic  window  is  ordinarily  divided  by  stone  mullions,  which  interlace  at  the  arch  level.  From  his  arose 
lOthic  tracery  of  pierced  stone  work,  which  became  one  of  the  distinguishing  features  of  Gothic  decoration. 
■St  geometrical,  it  presently  developed  into  wonderful  figures  and  wavering  branchings.  Traceries  are  called 
J  or  'three  leaved,"  quatre  foil,  cinq  foil.  In  combination  with  stained  glass  of  brilliant  beauty,  the  Gothic 
3w  became  a  distinguishing  feature  of  the  style.  Tracery,  like  every  other  excellent  thing,  was  carried  to  its 
ate  form  in  the  lace-like  stone  draperies  over  the  elaborate  niches  of  the  late  period.  It  decorated  not  only 
ngs,  but  spread  over  the  surfaces  of  vaultings,  ever  increasing  in  complexity  with  the  development  of  the 
ic  style.  In  Spain  it  was  crusted  over  with  minute  decorations  and  filagree.  The  effort  toward  slenderness 
multiplicity  ended  with  the  extreme  of  possibility  in  chiseled  stone.  This  applied  not  only  to  decoration,  but  to 
tare  as  well,  until  a  halt  was  called  by  the  final  breaking  down  of  parts. 

2c.  The  Renaissance  Style. — The  Renaissance  occurred  in  Italy  in  the  15th 
.ury.     The  chief  characteristic  of  the  Renaissance  style  of  architecture  is  the  use  of  the 
k  and  Roman  architectural  orders  and  decoration.     The  models  for  these  were  derived 
study  of  Roman  remains  in  Italy  by  the  architects  Vignola,  Palladio  and  others. 

2d.  Orders  of  Architecture. — An  order  is  a  principal  element  of  style.     Having 
isented,  at  first,  the  entire  expression  of  a  limited  architectural  scheme,  it  has  at  a  later 

3j  shared  with  other  similar  orders  in  the  development  of  the  completed  system.     The  term, 
,  is  used  only  in  connection  with  the  Classic  and  Renaissance  styles.     In  the  Gothic 

j,p  there  are  no  such  distinct  demarcations,  but  examples  are  spoken  of  as  being  in  the  French 
aglish  Gothic,  the  fiarabovant,  or  perpendicular,  as  the  case  may  be. 

An  order  is  made  up  of  the  column,  with  its  base  and  cap,  the  architrave,  frieze  and  cornice, 
re  the  cornice  is  divided  and  extended  along  a  gal^le  to  fit  the  pitch  of  the  roof,  it  becomes 
iiment.  The  space  enclosed  between  the  level  cornice  and  the  slanting  portion  is  known  as 
ympanum.  Any  portion  of  an  order  may  be  ornamented  according  to  customary  xise. 
tympanum  may  be  filled  with  sculpture.  The  best  practice  is  to  ornament  alternate  mem- 
only,  leaving  plain  fillets  or  bands  between.  In  the  last  period  of  Roman  architecture, 
e  surfaces  were  covered,  but  the  result  is  admitted  to  be  inferior.  The  period  of  the  Renais- 
3  gave  opportunity  for  experhnentation  with  the  detail  of  orders,  which  was  carried  out  to  its 
late  conclusion.  Some  of  the  more  worthy  variations  are  still  employed.  The  rusti- 
l  Doric  is  one  such.  In  this  the  raised  surfaces  of  the  adjacent  stone  work  are  repeated 
le  columns.  In  other  ways,  such  as  variations  in  the  flutings  or  in  the  amount  of  entasis 
oyed,  the  intention  of  the  artist  to  modify  or  emphasize  the  value  of  parts  is  shown,  as 
isary  to  the  harmony  of  the  design.     The  illustrations  of  the  orders  here  given  are 
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Plate 


BLOCK    ORDER. 


PLAN  OF  ENTABLATURE     looking  up 


A. 


ELEVATION  OF  ENTABLATURE 


These  diagrams  of  the  classic  orders  are  taken  from  The  American  Vignola,  by  permission  of  The  lutornai 
Text-booli  Company,  Scranton,  Pa.,  publishers,  and  correspond  with  the  original  drawings  prepared  by  Gia] 
Barozzi  da  Vignola. 
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Plate  II 
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BLOCK.  ORDER 


COMPLETE   ORDER 


PLAN  OF  ENTABLATURE     looking  up 
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ATTIC  fcASe 


ELEVATION  of  ENTABLATURE 
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Plate  IV 


PLAN  OF  ENTABLATURE    looking  up 
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COMPLETE  ORDER. 


ELEVATION  of  ENTABLATURE 
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Plate 


PLAN  OF  ENTABLATURES     looking  up 


5/12 « -1  DIAMETER,- 


ELEVATION   of 
VICNOLA'S         I  ENTABLATURE  S 


V      y    V. 
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For  general  dimensions  of  this  order,  see  Plate  IV. 
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Plate  VI 


DORIC  ORDER 

FROM  THE 

PARTHENON 


For  height  of  column,  see  text,  p.  721. 
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Plate  V 


IONIC  ORDER. 

FROM       THE      TEMPLE 

ON  THE  ILLISSUS 
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»ni  the  works  of  G.  B.  da  Vignola,  an  Italian  architect,  1507-1573,  commonly  regarded  as  an 
thority. 

The  orders  of  architecture  as  employed  by  the  Romans  are  five  in  number,  namely,  Tuscan 
)ric,  Ionic,  Corinthian  and  Composite.  Of  these,  the  Tuscan  is  the  most  massive  and  simple, 
le  other  orders  decrease  gradually  in  mass  and  increase  in  height  so  that  the  Corinthian  and 
>mposite  represent  the  most  slender  and  ornate. 

In  the  single  storied  temples  of  Greek  and  Roman  davs  the  order  was  of  sufficient  size  to  extend  to  the  full 
ght  of  the  building.  In  larger  structures  they  were  sometimes  placed  one  over  another,  corresponding  with  the 
ries  of  the  building.  This  is  called  superposition.  In  this  use  the  more  massive  Doric,  or  Tuscan,  is  employed 
the  lower  portions  and  the  slender  Corinthian,  or  Composite,  in  the  upper  stories.  In  some  buildings  all  five 
lers  are  used.  In  others  two  or  three  at  will.  Above  an  order  there  may  be  developed  a  story  called  the  attio. 
is  was  employed  by  the  Romans  on  their  triumphal  arches.  It  is  now  frequently  used  on  a  great  building  to 
reaae  the  height  of  it,  or  of  some  prominent  part,  without  increasing  the  scale  of  the  order.  Examples  of  the 
ic  story  may  be  seen  on  large  buildings  such  as  the  now  National  Museum  at  Washington.     The  attic  is  a  rather 

structure,  massive  in  detail,  and  may  be  crowned  with  a  cornice  molding.  The  surfaces  are  left  plain  or 
lelled,  or  may  have  openings.  Pedestals,  spaced  at  the  same  intervals  as  the  columns  below,  may  serve  as  bases 
free  statues  or  other  ornamental  forms.     Instead  of  the  attic  story  there  is  sometimes  employed  a  parapet  above 

cornice,  with  pedestals  and  balustrades. 

Beside  the  Roman  orders  the  Greek  Doric  is  sometimes  used  in  modern  work.  This  order  differs  from  the 
man  Doric,  being  more  massive  and  severe.  The  column  is  without  a  molded  base.  The  twenty  flutes  are 
ad  and  shallow,  without  fillets.  The  height  of  the  column  varies  from  4J^-^  diameters  in  buildings  of  the  early 
iod  to  5>2  ill  the  best  period,  that  of  the  Parthenon,  and  to  6  or  more  diameters  in  later  examples.  The  cornice  is 
.pie  and  heavy,  about  two  diameters  in  height.  The  other  Greek  orders  are  the  Ionic  and  Corinthian.  These 
er  from  the  Roman  in  certain  details. 

An  order  may  be  raised  upon  a  pedestal,  or  the  building  may  be  set  on  a  base  or  stylobate,  upon  which  the 
er  will  then  rest.  The  order  may  stand  free,  as  on  a  portico,  or  may  be  engaged  with  the  wall.  It  may  extend 
ough  a  single  story  or  include  several.  It  may  be  in  connection  with  an  arcade,  under  another  code  of  customary 
Instead  of  columns,  or  in  connection  with  them,  rectangular  shafts,  known  as  pilasters,  may  be  employed  to 
ag  about  a  complete  design.     In  this  use  the  question  of  entasis  has  given  rise  to  some  controversy  among  purists. 

The  various  orders  commonly  include  a  certain  ornamentation,  such  as  molded  bases  and  carved  capitals  and  a 
nice  bearing  a  regular  system  of  ornament  as  a  minimum. 

In  Greek  and  Roman  use  the  plainer  orders  were  sometimes  decorated  with  color  and  gold.  Along  with  a 
id  proportion  of  parts,  an  order  contemplates  a  certain  spacing  of  columns.  These  quantities  vary  with  the 
erent  orders,  the  more  massive  Doric  columns  being  set  close  together  and  the  slender  Corinthian  farther 
irt.  An  appearance  of  slenderness  is  given  to  the  columns  by  concave  flutings  on  the  shaft,  while  at  the  same 
le  the  optical  illusion  of  central  diminution,  observed  in  a  cylindrical  shaft,  is  overcome  by  forming  the  columns 
ha  convex  curve  diminishing  to  the  top.     This  is  referred  to  as  entasis. 

The  orde'-s  have  long  since  lost  their  character  as  primary  supporting  members,  and  have  become  almost  wholly 
ments  of  design.  The  skilful  use  of  them  to  indicate  rather  than  to  furnish  actual  strength  is  the  province  of  the 
igner.  This  element  of  aesthetic  values  is  one  which  prevents  architecture  from  becoming  an  exact  science. 
Sh  values  cannot  be  determined  by  computation  and  set  down  in  tables,  like  the  safe  working  strength  of  steel 
ms.     Within  the  rigid  limits  of  customary  use  a  wide  field  of  variation  is  open  to  the  designer. 

2e.  Architectural  Ornaments  of  the  Renaissance. — Renaissance  moldings  con- 

t  of  curved  surfaces,  concave  and  convex,  or  of  a  multiple  curvature,  applied  to  the  bases,  capi- 

s  and  cornices  of  this  style  of  architecture.     The  surfaces  of  these  moldings  are  frequently 

riched  by  carved  ornament,  such  as  the  acanthus  leaf,  the  egg  and  dart,  lambs  tongue,  bead 

i  reel,  flutings,  the  wave  ornament,  the  guilloche  or  interlace,  the  honeysuckle,  the  garland 

'fd  the  Greek  key  or  labyrinth.     These  are  the  most  common  of  the  continuous  ornaments. 

Iside  these  a  number  of  ornaments  are  employed  such  as  the  antefix  or  acroteria,  sometimes 

(ployed  as  a  cresting  above  a  cornice,  the  lions  head,  the  cadeuceus.     Columns  are  sometimes 

Dlaced  by  standing  female  figures  called  caryatids,  or  male  figures  called  Atlantes.     The 

Itric  frieze  is  ornaniented  with  the  trigylph.  a  vertical  figure  of  three  units  placed  regularly  over 

t;  columns.     Between  these,  in  what  are  called  metopes,  are  placed  ornaments  representing 

c  skulls  and   garlands.     Under  the  projecting  portion  of  the  cornice  of  this  order  a  flat 

ctament  is  used,  called  the  mutule.     This  is  replaced  in  the  Corinthian  by  a  scroll  bracket. 

^roteria  are  placed  at  the  peak  of  the  gable  or  pediment  and  at  the  eaves.     The  Roman  Doric  is 

ciamented  in  a  different  manner  from  the  Greek.     Sculpture  is  used  in  various  ways  to  deco- 

r>e  buildings  in  this  style.     Besides  figures  in  relief  on  the  frieze  of  the  cornice,  free  statues 

I  y  be  placed  at  various  points  either  on  the  stylobate,  as  on  the  Bureau  of  American  Repub- 

46 


728  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec.  4 

lies  at  Washington,  or  upon  the  parapet  or  attic  story.     In  the  case  of  the  Triumphal  Ai 
horses  and  a  chariot  may  crown  the  structure.     This  is  called  a  quadriga. 

2/.  Modern   Styles. — The   principal   architectural  styles  in   America   are 
Renaissance  and  the  Gothic.     Other  styles  have  attained  a  temporary  vogue  at  times  thro 
the  exceptional  merit  of  some  designer.     Among  such  is  the  Romanesque  style  as  develo 
by  H.  H.  Richardson,  an  architect  of  Boston. 

The  Renaissance  was  reestablished  in  this  country  by  the  extraordinary  display  of  ta! 
at  the  Worlds  Columbian  Exposition  in  1892. 

The  Gothic  style  for  ecclesiastical  buildings,  and  for  some  of  the  universities,  has  b 
restored  to  favor  by  the  excellent  work  of  a  few  talented  architects. 

The  successful  application  of  these  styles  appears  to  depend  largely  on  the  proportions  of  the  buildini 
question.  Where  the  main  dimensions  are  horizontal,  the  Renaissance  appears  to  be  most  commonly  succes 
For  those  exhibiting  a  preponderance  of  vertical  masses,  the  Gothic  style  seems  to  be  well  suited.  Either  o 
styles  is  pleasing  for  buildings  of  certain  types,  where  extremes  of  dimensions  do  not  ordinarily  occur.  In  this 
the  collegiate  Gothic,  so-called,  is  adaptable  to  school  buildings  faced  with  brickworls.  The  absence  of  horiz( 
members,  common  to  the  Renaissance,  affords  considerable  freedom,  while  the  Gothic  system  of  ornamentf 
gives  room  for  emphasis  of  prominent  parts.  Many  of  these,  however,  can  be  treated  equally  well  in  simpl 
Renaissance.  In  private-house  work  of  the  better  class  the  designs  follow  the  two  principal  styles  in  use.  A  i 
bcr  of  actual  reproductions  of  European  dwellings,  more  or  less  accurate,  exist,  but  the  majority  of  designs  fc 
a  free  Renaissance  in  so  far  as  they  are  capable  of  being  classified.  Architecture  in  America  is  now  passing  thn 
a  transitional  period  and  may  easily  develop  into  a  new  interpretation  based  on  modern  use  and  new  struc 
materials  such  as  concrete,  steel,  stucco,  and  hollow  tile. 

2g.  High  Buildings. — Store  and  office  buildings  and  hotels  in  large  cities  h 
been  affected  recently  by  the  building  laws  of  New  York  City.     One  requirement  of  the 
which  has  had  the  most  influence  has  been  that  the  fronts  of  buildings  must  be  set  back  a 
reaching  12  or  more  stories  and  further  set  back  after  extension  to  greater  heights.     This  requ 
ment  has  produced  buildings  of  a  type  quite  unusual  and  one  which  may  lead  to  an  entirely 
architectural  style,  even  where  the  practical  necessity  of  setbacks  to  secure  light  and  air  does 
exist.     Isolated  buildings  like  the  Tribune  Tower,  Chicago,  the  Woolworth  Building,  Amen 
Radiator  Building,  New  York  Life  Insurance  Building,  New  York  City,  do  not  show 
tendency  in  a  very  marked  degree,  but  the  Barclay  Vesey  Telephone  Building,  the  Hecks( 
Building,  Fisk  Building,  Equitable  Life  Assurance  Society  Building,  Standard  Oil  Build 
Delmonico,  Paramount  Theatre,  Evening  Post,  and  Eastern  Terminal  Building,  and  other 
New  York  City  illustrate  the  new  development  and  suggest  a  new  system  of  massing 
ornamentation. 

Taking  the  first  of  these  examples  as  sufficient  for  illustration,  the  notable  items  are  the  dimensions  at 
ground  level,  21.3  X  259  ft.,  covering  the  entire  area  of  the  premises.  These  dimensions  are  employed  with  s 
offsets  up  to  17  stories  or  about  262  ft.  of  height.  Above  this  the  building  is  reduced  to  100  ft.  square  and  extei 
12  more  stories,  making  a  total  of  434  ft.  above  the  street.  The  building  has  4  stories  underground,  making  a  1 
building  height  of  497  ft.  The  ground  story  is  for  stores.  The  remainder  of  the  building,  the  second  to  the  t 
stories,  is  occupied  by  the  Telephone  Company  and  the  remainder  by  offices  for  business.  The  lowest  levi 
occupied  space,  being  the  engine  and  boiler  room,  is  63^2  ft.  below  the  street  level.  This  building  is  simpler  I 
Bome  others  but  illustrates  the  principle  of  offsets  olearly. 

All  buildings  of  this  type  and  dimensions  are  built  on  foundations  extending  to  solid  re 

The  Equitable  Life  Assurance  Society  Building  may  show  the  most  literal  compliance  w 

the  code  as  regards  setbacks.     In  general,  these  buildings  demonstrate  that  a  new  treatm 

arising  from  a  legal  restriction  requires  considerable  time  in  which  to  arrive  at  perfection 

massing  and  ornament. 

PUBLIC  BUlLDINGSi— GENERAL  DESIGN 
By  Arthur  Peabody 

3.  State  Capitols. — The  modern  state  capitol  building  serves  two  principal  functions,  ( 
political,  including  those  of  the  governor,  legislature  and  judiciary,  the  secretary  of  state,  an 

'  Buildings  for  the  U.  S.  Government  are  not  included,  as  these  are  usually  designed  by  the  Superv-ising  Ar 
tect  of  the  United  States. 
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treasurer,  attorney  general.  The  senate  and  assembly  chambers  of  unusual  height,  the 
t  rooms  and  the  governor's  suite,  together  with  the  necessary  parlors,  committee  rooms,  and 
BS  cover  the  requirement  of  this  branch  of  the  state  government.  The  other  division  of 
■mment  comprises  the  non-political  boards  and  commissions  charged  with  the  administra- 
of  the  various  institutions  of  the  state.  Among  these  are  regents  of  the  university  and  of 
aal  schools,  the  board  of  control  of  penal  and  charitable  institutions,  the  commissioners  for 
ays,  highways,  civil  service,  conservation,  engineering,  architecture,  etc.  These  bodies 
itain  separate  working  staffs,  largely  of  a  clerical  nature,  and,  for  such,  ordinary  office 
es  are  required. 

In  recent  capitol  buildings  these  two  divisions  have  been  segregated  one  from  the  other, 
capitol  building  for  the  state  of  Nebraska  is  an  example  of  this  arrangement.  The  central 
monumental  portion  of  this  building  is  quite  high  and  imposing,  culminating  in  a  tower 
jnsiderable  height.  This  tower  is  incidental  only.  A  dome  would  have  been  as  appro- 
Ee,  as  shown  on  some  of  the  designs  submitted  in  competition.  The  portions  here  devoted 
;ate  business  are  distinctly  separate  and  afford  better  use  of  space  and  greater  convenience 
use  of  the  adaptation  to  their  purpose. 

4.  Courthouses. — The  typical  court  building,  which  may  be  enlarged  to  meet  more  com- 
ited  conditions,  comprises  a  court  room  of  good  size,  with  chambers  adjacent,  sufficient 
ccommodate  the  several  judges  holding  court  at  that  place.  A  private  office  adjacent 
ich  is  required.  Two  or  more  jury  rooms  are  necessary,  of  about  14  X  20-ft.  dimensions; 
'^een  these,  a  sheriff's  office  with  entrances  to  control  both  rooms.  Waiting  rooms  for 
esses  are  required.  One  or  more  detention  rooms  are  necessary,  where  convenient  access 
he  jail  is  not  provided.  The  offices  of  the  county  clerk,  treasurer,  surveyor,  and  other 
ials  will  be  located  in  the  building,  usually  in  the  first  story.  The  arrangement  of  the 
t  room  is  that  of  a  hall  with  the  judge's  desk  on  a  platform,  a  space  for  attorneys,  clerk, 
stenographers  about  a  large  table,  and  a  space  for  witnesses.  The  12  jury  seats  are  at  one 
,  frequently  on  the  left,  within  a  separate  railing.  The  seats  are  raised  above  the  floor 
,  stepped  platform.  The  witness  box  is  placed  between  this  and  the  judge's  platform,  for 
renient  hearing.  The  room  requires  special  lighting  and  ventilation  and  should  have  good 
istic  properties.  The  judges'  suites  should  have  separate  toilets.  Separate  toilets  should 
rovided  for  each  jury  room,  detention  or  waiting  room,  and  for  the  public.  A  library  room 
jsirable  but  in  small  court  houses  is  not  imperative.  The  treasurer  and  the  county  clerk 
require  large  storage  vaults,  with  a  money  vault  for  the  treasurer. 

Ordinary  room  sizes  for  small  court  houses: 

Court  room 30  X  50 

Judges'  chambers ■. 14  X  20 

Judges'  private  offices 14  X  20 

Library 14  X  20 

Jury  rooms  (2) 14  X  20 

SherilT's  office 14  X  20 

Witnesses'  waiting  room 14  X  20 

Detention  rooms  with  private  toilet 10  X  14 

County  clerk's  office 14  X  20 

County  clerk's  private  office 12  X  14 

Treasurer's  office 14  X  20 

Treasurer's  private  office 12  X  14 

Vaults  for  each 6X14   to  20 

Surveyor's  office 14  X  20 

Health  department 14  X  20 

Assessor's  office 14  X  20 

6.  Town  Halls. — The  town  hall  contains  a  large  assembly  room  with  a  moderator's  plat- 
ron  and  desk.  A  space  for  the  town  clerk  and  other  officials  is  railed  off  adjacent.  The 
reainder  of  the  hall  is  provided  with  seats  for  the  voters  at  the  rate  of  8  sq.  ft.  per  person. 
Aiisitors'  gallery  is  desirable.  At  Bourne,  Mass.,  the  offices  are  in  the  front  part,  and  the  hall 
at  he  rear.  The  offices  should  be  of  good  size,  with  counters  for  the  public.  At  Northampton 
tl  hall  is  in  the  second  story,  the  town  business  being  conducted  on  the  ground  floor. 
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In  some  examples  detention  rooms  are  provided  in  the  building  for  persons  aecused  of  misdemeanors. 
rooms  should  comply  with  the  restrictions  described  under  lockups.      Most  state  laws  forbid  detention  roo 
basements. 

6.  City  Halls  or  Municipal  Buildings.— The  city  hall  is  a  development  to  meet  the  nee. 
the  ordinary  city  government.  The  meeting  room  of  the  common  council  will  require  50  si 
per  member.  Anterooms  and  committee  rooms  are  required,  and  offices  for  certain  offi( 
The  mayor's  suite  will  comprise  a  waiting  or  reception  room,  general  office,  16  X  24  ft.,  a  pri 


Fia.  1. — Plan  of  second  floor  of  Municipal  Building,  Plainfield,  N.  J. 

office,  and  toilet.  The  other  officials  requiring  one  or  more  offices  will  be  the  city  clerk. 
assessor,  street  commissioner,  department  of  health,  department  of  charities,  departmei 
building,  city  treasurer,  city  surveyor  or  engineer,  and  others. 

Ordinary  room  sizes  will  be 

Council  room 25  X  40 

Committee  rooms 12  X  25  to  20  X  25 

Mayor's  general  office 20  X  45 

Mayor's  private  office 20  X  28 

City  clerk's  office 20  X  28 

Assessor's  office 20  X  28 

Street  commissioner's  office 20  X  28 

Department  of  health 
Department  of  charities 

Inspector  of  buildings         '■ Each  20  X  .35 

City  treasurer 
City  engineer 
Private  offices  generally 12  X  14 

In  the  more  recent  development  of  large  city  halls,  the  two  functions,  legislative 
administrative,  are  separated.  A  recent  example  is  the  City  Hall  at  Los  Angeles,  Calif.,  w 
the  ground  plan  is  quite  large,  containing  those  functions  of  city  government  which  req 
immediate  contact  with  the  public.  Above  the  fourth  story  the  plan  of  the  building  is  ir 
reduced  and  carried  up  5  more  stories.  The  center  portion  of  the  building  is  extended  int 
stories  of  office  spaces  above  which  is  the  pyramidal  portion  of  the  tower.  This  permits 
precise  classification  of  governmental  service  according  to  character  and  secures  to  each  pai 
the  building  abundant  light  and  air. 

7.  Public  Libraries. — The  essential  features  of  a  hbrarj^  building  are  the  reading  ro 
book  room,  and  delivery  space.  A  typical  arrangement  has  the  delivery  desk  at  the  cente 
the  public  room,  with  the  card  catalog  conveniently  placed,  the  children's  reading  room  at 
side,  adults'  at  the  other,  and  the  book  stacks  at  the  rear.  Open  slielves  are  disposed  along 
walls  of  the  reading  rooms  for  reference  books. 


The  book  room  will  be  equipped  witn  metal  stacks,  self-contained  and  resting  upon  steel  beams.     The  I 
imposed  by  the  stacks  will  amount  to  150  lb.  per  sq.  ft.  for  each  story  of  the  book  stack.      The  windows  at  the  il 
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he  stacks  light  the  intervals  between  them.  Electric  lights  between  each  row  are  necessary.  A  book  lift  is 
'   rided  in  most  Ubrarics.     Libraries  are  frequently  provided  with  museum  spaces  and  small  lecture  rooms  equipped 

stereopticon  or  moving  picture  talks.     The  working  rooms  comprise  the  librarian's  offices,  unpacking  and 

iring  rooms,  cataloging  room,  manuscript  rooms,  rest  rooms,  and  travelUng-library  receiving  and  shipping 

ns. 

The  construction  of  library  stacks  has  become  speciaHzed  to  such  an  extent  as  to  make  it  advisable  to  follow 
.(  d.ird  details.  The  open  shelving  in  the  reading  rooms  may  be  of  wood  construction  to  harmonize  with  the 
ctural  treatment  of  the  room. 

8.  Fire  Engine  Houses. — The  first  story  will  contain  the  apparatus  room  for  fire  engines, 
h  e  carts,  chemical  extinguishers,  and  chief's  motors.  Almost  all  apparatus  is  now  motorized. 
1i  space  per  unit  is: 

Each  fire  engine,  chemical  extinguisher 8  X  24  ft. 

Each  ladder  truck 8  X  55  ft. 

Each  chief's  automobile 8  X  20  ft. 

Space  about  each  unit  is  required. 

The  apparatus  room  is  undivided  and  is  arranged  to  contain  a  definite  number  of  units 
TOsed  in  order,  facing  the  exit  doorways  which  must  be  of  sufficient  height  for  the  passage 
b  he  largest  truck. 

The  office  of  the  chief,  12  X  15  ft.,  will  be  on  the  first  story.  There  should  be  a  workroom 
2  X  25  ft.  for  minor  repairs,  and  a  recreation  room  of  the  same  dimensions,  and  toilet. 

The  second  story  will  contain  sleeping  rooms  10  X  16  ft.,  a  dormitory,  bath  room,  toilet, 
a  1  a  reading  room  20  X  24  ft.  A  tower  for  drying  hose  is  provided  or  otherwise  a  drying  rack 
i  he  basement.  A  single  stairway  is  ample  together  with  sliding  poles  for  quick  descent  from 
t  second  story. 

9.  Hotels  and  Clubhouses. 

9a.  Hotels. — The  lobby  is  approached  by  a  principal  entrance  and  ladies' 
e. ranee.  This  contains  the  office,  elevators,  cigar  and  news  stand,  telephone  and  telegraph 
c  ce,  and  a  small  parlor  for  women.  A  private  office  for  the  manager  is  required.  The  other 
I'ms  are  the  dining  room,  cafe  or  tea  room,  with  areas  computed  at  20  sq.  ft.  per  sitting,  the 
l-  and  lounge,  the  service  room,  with  elevator,  check  room  for  coats  and  bags,  trunk  room,  and, 
a  a  convenient  point,  the  barber  shop  and  men's  toilet.  The  street  fronts  may  contain  a 
f  ig  store  and  furnishing  store  with  entrances  from  the  lobby.  The  dining  room  and  cafe  will 
1  preferably  on  the  first  floor,  or  higher  up  according  to  the  limits  of  the  property.  It  is 
cmomical,  as  regards  operation,  to  have  the  kitchen  on  the  dining  room  level.  The  plan  and 
eiipment  of  the  hotel  kitchen  and  storage  spaces  is  a  highly  specialized  problem  and  should  be 
8  died  in  consultation  with  makers  of  kitchen  equipment.  Mechanical  refrigeration  is  to  be 
I 'f  erred. 

Most  hotels  contain  a  ballroom  of  about  the  area  of  the  dining  room.     The  second  floor  will  contain  the  princi 

)•  parlor  and  retiring  room  for  women,  which  may  be  in  connection  with  the  ballroom.     There  should  be  a  small 

]  Inr  and  toilet  for  men  in  this  case.     The  writing  room  may  be  on  the  first  or  second  story.     In  the  latter  case 

m:i11  writing  room  or  alcove  should  be  provided  on  the  first  floor  adjacent  to  the  lobby.     Sample  rooms  for  travel- 

1  ;  salesmen  should  be  16  X  20  ft.,  well  lighted. 

The  upper  stories  will  be  occupied  by  the  hotel  rooms.     These  will  vary  from  11  X  14  ft.  to  16  X  20  ft.  with 

0  umber  of  suites  having  private  parlors,  20  X  24  ft.  in  some  hotels.  Besides  there  will  be  a  linen  room,  utility 
r  m  and  maids'  closets  on  eacn  floor.  The  typical  hotel  room  is  designed  on  one  of  two  plans.  The  most  desirable 
i  mgement  is  to  place  the  bath  on  the  outside  wall,  between  rooms,  with  doors  entering  each.  The  closets  are 
iced  next  to  the  corridor.  In  the  other  plan  the  bath  is  placed  at  the  corridor  end  of  the  room  and  the  closet 
It  tne  entrance.     This  aflfords  no  light  to  the  bath  rooms  and  makes  good  ventilation   more  difficult.     The  bath 

1  m  is  intended  to  be  available  to  either  room  at  will.  The  adjustment  of  the  closets  may  permit  two  rooms  to  be 
town  together.  The  corridors  will  be  8  ft.  wide.  A  space  adjacent  to  the  elevators  is  provided  for  the  floor 
(  todian.  Helps'  quarters  are  ordinarily  at  the  top  of  the  building.  Segregation  is  necessary  in  this  case,  with 
;  pit-  bath  and  toilet  rooms  for  both  sexes. 

96.  Club  Houses. — The  general  requirements  of  a  club  house  are  similar  to  tho.se 
I  a  small  hotel.  The  special  features  will  depend  upon  the  elements  emphasized,  such  as 
:  ilctics,  golf,  yachting.     Dormitory  rooms  and  suites  are  common  to  many  clubs.     The  service 
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provisions,  kitchen  and  helps'  quarters,  the  dining  room,  grill  room,  private  dining  rooms 
and  card  rooms,  need  ample  spaces  per  capita.     Cloak  rooms  and  locker  space  for  me,- 
snouki  he  convenient  and  of  easy  access. 

10.  Colosseums-Convention  Halls.-The  ordinary  colosseum  or  convention   hall 
comprise  an  auditorium  to  contain  a  large  number  of  seats.     The  rate  of  7  to  8  sq  ft  per 
wil  be  sufficient.     The  speaker's  platform  should  be  rather  high  and  of  sufficient  size  for  .. 
perhaps  100  to  300  persons.     The  floor  is  usually  flat,  so  that  the  buZS  L^be  u" 
exhibitions  and  other  activities,  but  may  be  designed  with  a  moderate  slope  toward  the  platfo 
In  other  cases  the  building  is  provided  with  banked  seats,  a  portion  of  which  is  constructed 
tlia   sections  n.ay  be  revolved  toward  the  front,  and  the  capacity  of  the  hall  reduced  as  de^ 
Galeries  wi  1  be  required  where  the  general  public  must  be  admitted  to  certain  parts  oi 
hall,  while  delegates  occupy  the  main  floor  space.     The  exits  and  toilets,  provisions  for  sa- 
ft;'         .>'  ^o'^trolled  by  city  ordinances  or  state  building  codes.     Judicious  distributioi 
these  utilities  is  necessary  to  avoid  congestion.     Ample  committee  rooms  and  administra, 
offices  must  be  provided,  together  with  storage  space  for  chairs  not  in  use.     The  heating  ; 
lighting  s^iould  be  ample,  but  not  excessive.     Ventilation  by  gravity  is  sufficient 

11.  Railway  Stations.-The  typical  railway  station,  aside  from  large  terminal  stat, 
comprises  a  ticket  office  with  a  bay  window  overlooking  the  trackage,  waiting  rooms  at  ei' 
side  for  men  and  women,  giving  a  space  of  25  sq.  ft.  per  person  in  the  ordinary  case;  adjar 
to  these  a  baggage  room  and  toOets  for  both  se.xes. 

W.:.t  ''''^"/^''*  ""^  Yt  "°'''^*"'  '^  provided,  convenient  to  the  train  platform  or  to  the  waiting  rooms 
fi-eight  warehouse  and  office  may  be  connected  to  the  passenger  station  by  a    covered  way      Thelnf"  n. 
bureau  and  news  stand  ,s  frequently  con>b,ned  in  small  stations.     The  stations  are  usually  one  stoJy  Wh     . 
where,  in  the  central  portion,  offices  for  the  train  master  are  placed  overhead. 

12.  Universities. 

12a.  Ground  Required.-The  area  necessary  for  a  great  universitv  cannot, 
determined  on  the  sole  basis  of  utility.  Other  elements  enter  into  consideration,' such  as 
probable  number  and  character  of  activities,  the  space  required  for  an  adequate  and  dignil 
approach  the  necessity  for  hght  and  air,  and  the  desirability  of  a  picturesque  arrangeme 
The  possible  increase  m  attendance  and  the  number  of  courses  to  be  offered  in  the  near  fut. 
affect  the  problem.  It  is  advisable  to  secure  as  much  land  as  possible  at  once  and  to  see  tj 
no  insurmountable  obstacles  will  prevent  enlargement.  Advantage  should  be  taken  of  a  w» 
ron  of  a  picturesque  view  and  opportunity  for  water  sports.  Level  ground  for  athletic  fiel 
toge  her  with  a  rise  of  ground  for  the  location  of  buildings,  are  among  the  elements  of  importai 
in  selecting  a  site.  ^ 

126.  Preliminary  Design.— A  preliminary  design  should  be  secured  where 
new  university  is  contemplated  or  where  considerable  enlargements  to  an  existing  instituti 
are  at  all  probable.  Such  a  plan  will  prevent  unfortunate  errors  in  the  location  of  buildin. 
drives,  walks  etc.  It  may  not  be  necessary  or  desirable  to  fix  absolutelv  the  use  of  each  buildi 
in  a  general  design.  Certain  areas  should  be  designated  for  the  several  colleges,  within  whicl 
certain  freedom  of  choice  may  be  left  to  the  future  designer.  The  relation  of  the  several  collej 
to  each  other  should  be  carefully  studied  to  secure  convenience  and  efficiency. 

t  11  T   .Z^'"'  ^""^f°gs.— Modern  universities  comprise  educational  sections  or  collet 

as  oUows:  Letters  and  Science,  Law,  Medicine,  Engineering,  Art  and  Architecture,  Agricultu 
Military  Science  and  Training,  and  University  Extension.  Besides  these,  other  departmer 
are  as  follows:  Student  Help  and  Recreation,  Sports  and  Athletics,  and  Administration 

12d.  College  of  Letters  and  Science.-For  buildings  in  the  coUeges  the  followi 
room  sizes  may  be  taken  as  an  average: 

Class  rooms,  16  sq.  ft.  per  student,  at  30  per  room. 

Lecture  rooms,  10  sq.  ft.  per  student,  at  100  per  room. 

Lecture  halls,  8  sq.  ft.  per  student,  at  500  per  room. 

Offices  should  have  150  sq.  ft.  per  man.     Departmental  libraries  should  have  about  10.0( 
books  capacity,  with  receiving,  desk  for  the  attendant. 
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Laboratories  for  physics,  chemistry,  biology,  etc.,  will  be  somewhat  similar  as  regards  requirements  for  space, 
joratory  rooms  will  average  50  sq.  ft.  per  student.  Small  laboratories  for  advanced  work  are  necessary.  The 
!  14  X  24  ft.  may  be  taken  as  a  unit.  Lecture  rooms  and  lecture  halls  require  ample  room  for  preparations, 
truments  and  materials.  The  windows  must  be  quite  large,  1  sq.  ft.  to  5  of  the  floor  space,  arranged  for  darkening 
shades  or  panels  operated  by  hydraulic  or  electric  motors.  More  than  one  exit  from  a  large  lecture  room  is 
uired,  and  where  possible,  one  should  lead  directly  out  of  the  building. 

For  chemistry  the  principal  requirement  is  for  chemical  desks  with  acid  proof  tops  with  gas  and  water  supply 
i  waste,  sinks  at  the  ends  and  cupboards  underneath;  beside  these,  reagent  shelves,  fuming  cabinets  and  balance 
ms.     A  chemical  store  room  and  dispensary  is  necessary. 

For  physics  laboratories  absence  of  vibration  is  imperative.  Concrete  construction  is  advantageous.  Physics 
ks  are  arranged  along  the  walls  under  the  windows  and  are  equipped  with  electric  outlets,  gas  and  compressed  air. 
ncrete  piers  are  required,  and  special  cabinets  for  apparatus.  A  mechanician's  shop  is  necessary  with  metal 
rking  machinery  for  the  most  part.  Rooms  for  special  apparatus  are  required  for  both  chemistry  and  physics. 
lere  photography  is  made  part  of  the  course  in  chemistry  or  physics,  special  equipment  is  necessary.  There  will 
laboratories  for  the  study  of  electricity,  lignt,  heat,  sound,  wireless  telegraphy,  liquid  air,  and  gas. 

Biology  requires  microscope  tables  wider  at  one  end  and  set  at  right  angles  to  the  windows  which  should  be 
?e,  without  cross  bars  of  any  sort.  Chemical  desks  are  needed;  also  ovens,  fuming  cabinets,  refrigeration  rooms, 
k  rooms,  rooms  for  constant  temperatures,  green  houses  and  glass  covered  laboratory  rooms  and  animal  houses 
tly  under  glass.  Ponds  open  to  the  air  are  required  and  aquaria  of  various  sorts;  also  a  photographic  room  for 
ording  results.  An  exhibit  museum  should  be  prominently  located.  A  space  on  the  first  story,  preferably  a 
?e  entrance  foyer,  is  ideal.  The  herbarium  for  botanical  collections  and  the  working  museum  of  shells,  skins, 
iletons,  and  insects  in  the  division  of  zoology,  collections  of  alcoholics  and  specimens  preserved  in  other  liquids  will 
luire  considerable  space. 

12e.  College  of  Law. — The  requirements  of  this  college  are  lecture  and  class 
oms,  reading  rooms,  and  the  law  library.  A  good  number  of  offices  are  needed.  The  class 
ims  require  more  space,  about  20  sq.  ft.  per  student.  Such  class  rooms  are  furnished  to 
vantage  with  narrow  desks  to  accommodate  the  text  books  which  are  large.  In  some  cases 
o  men  are  seated  at  one  desk.  Law  students  are  older  than  students  in  the  university  courses 
d  require  larger  furniture. 

The  law  library  should  have  a  regular  book  stack  for  special  texts  and  a  large  reading  room  with  open  shelves 
standard  works.     The  room  should  be  very  well  lighted,  ventilated  and  furnished  with  indirect  lamps  for 
sning  work. 
One  or  more  lecture  rooms  of  about  300  seats  are  required,  according  to  the  schedule  of  lectures. 

12/.  College  of  Medicine. — The  theory  of  medicine  includes  anatomy,  physi- 
'^gy  and  pharmacology.  The  laboratories  will  require  tables  or  desks  furnished  with  gas, 
impressed  air,  electric  current.  Microscope  tables  are  extended  under  the  windows  which 
nuld  have  as  few  cross  bars  as  possible.  Special  fuming  cabinets  strongly  ventilated  are 
icessary. 

A  gas  crematory  furnace  is  needed  in  the  anatomical  laboratory  and  vent  flue  to  the  roof, 
.refrigerated  vault  for  subjects  is  required  together  with  storage  rooms  for  specimens  in  alcohol. 

For  all  these  laboratories,  there  should  be  animal  rooms.  Open  air  runs  for  the  dogs  should 
1  on  the  roof  surrounded  by  brick  walls  not  less  than  8  ft.  high.  The  drainage  from  these  runs 
id  all  animal  quarters  should  be  well  cared  for,  and  provision  made  for  hosing  out  at  frequent 
i  crvals.  Animals  need  out-of-door  air  and  may  be  provided  with  winter  and  summer  quar- 
ts. A  small  private  lift  from  the  laboratory  floors  to  the  roof  is  extended  to  the  ground  level. 
'  ges  for  dogs  have  wire  fronts  and  30  sq.  ft.  area  for  each  animal. 

Cli)iic. — The  clinic  building  should  comprise  offices  for  the  head  physician,  a  general  waiting  room,  registration 
I  ms  and  record  rooms,  14  ft.  square.  The  general  waiting  room  to  contain  50  persons  at  once  will  require  15  sq. 
f  per  person.  A  separate  women's  waiting  room  is  desirable;  also  dressing  and  examination  rooms,  about  8  X  12 
i  sufficient  for  examining  20  %  of  the  capacity  of  the  waiting  room  at  one  time.  The  temperature  of  the  examina- 
tn  rqoms  will  be  kept  to  at  least  74  deg.  and  the  rooms  must  be  light  and  well  ventilated.  Sound  proof  partitions 
I  ween  units  should  be  provided. 

The  hospital  or  infirmary  should  have  an  adequate  equipment,  such  as  an  elevator  adjacent  to  the  ambulance 
( ranee,  of  sufficient  size  to  receive  a  hospital  cot.  The  corridor  should  be  not  less  than  9  ft.  wide  and  the  room 
( irs  4  to  Ayi  ft.  wide  so  that  a  cot  may  pass  them.  The  stairs,  separated  from  the  corridor  by  glass  doors,  should 
Ijl^^  ft.  wide  to  permit  a  stretcher  to  be  taken  down.  The  nurses'  stations  on  each  floor  will  be  perhaps  14  X  20 
i|with  the  call  desk  and  signal  service  and  the  desks  for  each  nurse  keeping  records.  The  hospital  will  be  divided 
lo  two  units  per  Hoor,  shut  off  from  the  main  stair  corridor  by  glass  doors.  Each  unit  will  require  a  fully  appointed 
l  h  room  and  separate  toilet,  utensil  room,  linen  closet,  and  locker  room  for  street  clothes.     The  rooms  may  be  for 
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single  patients,  or  for  two  in  a  room,  with  wards  of  not  over  four  beds  as  a  maximum.  Diet  kitchens  for  each 
are  required.  The  etherizing  and  operating  room  should  be  near  the  elevator.  The  kitchen  and  store  rooms  ii 
basement  will  be  sufficient  with  dumb  waiters  to  the  several  stories,  preferably  to  the  dietkitcbensdirect.  Thee 
basement  rooms  will  be  AT-ray  room,  baking  room  and  one  or  two  photographic  rooms. 

The  research  hospital  will  contain  a  number  of  laboratories.  The  division  into  isolated  units  will  be  i 
frequent  than  in  the  general  hospital  and  more  single  rooms  will  be  used. 

12g.  College  of  Engineering,— The  class  room  building  will  be  similar  to 
building  for  letters  and  science.     The  same  areas  per  student  will  be  required.     Spaces  in 
basement  may  be  used  for  instrument  rooms,  mechanicians  shop  and  general  utility  roc,, 
Drafting  rooms  should  be  provided  with  indirect  electric  lighting  for  evening  work.     Labc 
tories  should  be  quite  separated  from  the  academic  building,  and  for  that  reason  a  limited  pr» 
sion  for  class  rooms  should  be  made  in  some  of  the  laboratories. 

Steam  and  Gas  Engine  Laboratory.— Preferably  a  long  building  about  40  ft.  wide  with  spaces  for  engines  on  1 
sides  of  a  central  aisle.  The  engine  foundations  should  be  formed  to  permit  ready  installation  and  remov* 
engines  of  various  types.  There  should  be  a  basement  underneath,  for  supply  and  exhaust  piping,  with  ample  ] 
room  under  the  piping;  also  an  overhead  electric  crane  for  moving  large  units.  Good  ventilation,  and  overl 
lighting  by  saw  tooth  roofs  or  otherwise,  as  well  as  efficient  electric  fighting  are  required.  The  building  sh* 
be  simple,  like  the  machine  room  of  a  factory. 

Engineering  SAops.— Similar  to  the  engine  laboratory,  but  without  a  basement.  Electric  conduits  are  ne» 
for  individual  drives  of  machines;  also  rooms  for  wood  and  metal  working,  forging,  pattern  making,  casting 
finishing. 

Electric  Engineering  Laboratory. — Similar  to  the  engine  laboratory,  without  a  basement,  but  with  a  cer 
conduit  for  electric  current  main  wires.      Dark  rooms  for  certain  lines  of  a  study  are  needed;  also  laboratoriet 
testing  wires,  conduits,  lamps,  etc.,  transmission  of  current  and  electric  transmission  of  sound  in  telephones, 
graph,  and  the  electric  furnace. 

Mining  Engineering  and  Metallurgy.— k  model  ore  dressing  equipment  and  stamp  mill  require  a  heigh 
approximately  25  ft.  The  furnaces  are  of  masonry  and  quite  heavy.  Chemical  laboratories  in  connection  wiU  - 
50  sq.  ft.  per  student. 

Chemical  Engineering  is  allied  to  the  operative  side  of  mining  and  metallurgy.  The  furnace  work  prod 
great  volumes  of  acid  gas.  For  the  three  branches  above  noted,  it  may  be  necessary  to  provide  a  masonry  cnin 
for  gas  removal. 

Materials  Testing  Laboratories  for  wood,  metal,  cement,  stone,  etc.,  will  occupy  as  much  space  as  the  en 
laboratories.     The  building  should  not  be  over  two  stories  high  and  of  heavy  construction. 

Testing  Laboratories  for  pumps,  fans,  mills,  and  automatic  machines  will  require  as  much  space  as  the  mate 
testing  laboratory. 

Hydraulic  Engineering. — Laboratories  should  be  provided  with  tanks  of  considerable  size,  arranged  for 
study  of  water  power  under  constant  or  variable  head.     A  lecture  room  with  a  demonstration  table  is  needed. 

Marine  Engineering  and  Naval  Architecture. — A  special  branch  of  steam  and  electric  engineering.  Sepa 
laboratories  for  advanced  work  required,  similar  to  other  engineering  laboratories.  Naval  architecture  or 
design  will  require  class  and  lecture  rooms,  drafting  rooms  and  model  laboratories  similar  to  other  engincr 
laboratories  and  a  model  testing  pool  of  large  size. 

Aviation  Engineering. — The  class  and  lecture  rooms  will  be  similar  to  those  for  marine  engineering, 
laboratory  work  must  be  supplemented  by  field  work  involving  a  considerable  area  of  ground  and  large  shelter  si 
for  the  machines. 

12h.  College  of  Architecture,  Art,  Music,  and  Drama— Studios  for  Architecture 
For  the  study  of  architecture,  class  room  provisions  are  required  like  those  in  letters  and  sciei 
—seminary  and  reading  rooms  for  sections  of  the  departmental  library  of  books,  photograp 
and  plates,  and  rooms  for  models  and  casts  and  an  exhibit  room.  The  studio  rooms,  large  a 
small,  require  correct  lighting.  These  provisions  may  be  taken  as  standard  for  all  studiosi—^ 
the  college  as  regards  the  academic  or  lecture  side  of  the  various  branches  of  art.  Spec 
conditions  as  to  ceiling  height,  north  lighting,  and  work  rooms  in  connection  with  studios  m 
vary  according  to  the  special  branch.  In  connection  with  studios,  dressing  rooms  with  lock 
spaces  are  imperative  from  the  nature  of  the  work. 

Picture  Studios. — Studios  are  for  drawing  and  painting,  including  oil  and  water  color  work,  charcoal 
ings,  etc.     Lighting  should  usually  be  obtained  by  the  use  of  high  ceilings  and  north  illumination.     Separate  I 
for  elementary  and  advanced  work,  life  classes,  etc.,  should  be  included.      In  large  rooms  division  into  alcoT 
desirable. 

Mural  Painting,  Scene  Painting,  Fresco  Studios. — These  should  be  broad  and  high  to  afiford  sufficient  disb 
liir  asccrtainine  values. 
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Studios  for  Sculpture. — Rooms  are  needed  for  clay  modeling,  marble  cutting  by  hand  and  power,  gelatine 
Iding,  plaster  casting,  reducing  and  enlarging,  bronze  casting  and  finishing.  Sculptures  at  large  size  require 
aide  spaces  for  experimental  mounting. 

Studios  for  House  Decoration. — These  require  spaces  for  experimentation  at  full  size.  For  this  purpose  rooms 
ich  may  be  divided  into  alcoves  10  ft.  square  are  desirable.  Tne  surfaces  of  the  alcoves  should  be  fitted  to  receive 
or  decoration,  wall  papers,  tapestries,  etc.,  which  may  be  removed  at  will.  This  branch  of  decorative  art  includes 
h  furniture,  hangings  and  floor  coverings. 

Decorative  Art  for  Buildings. — This  includes  wood  carving,  mosaic  work,  scaggliolas,  graffito,  marble,  metal 
el  glass  work. 

Arts  and  Crafts. — These  comprise  the  ceramic  arts,  designing  and  decoration  of  objects  in  clay,  china  and  glass, 
p  ill  metal  work,  jewel  grinding,  cutting  and  mounting,  and  small  wood  carving.  Power  equipment  is  neces- 
F  i-  for  the  last  two  arts. 

Illustrative  and  Illuminntinq  Arts. — Book  illustration  and  illumination,  the  design  and  preparation  of  plates, 
I  iting  blocks,  engravings,  half  tones,  photogravures  and  lithographs,  plain  and  colored,  leather  tooling,  book 
bding,  gilding,  etc.,  are  included  in  this  branch. 

Posters  and  Advertisements. — Studios  for  this  branch  require  good  space  and  high  ceilings. 

Portrait  Photographic  Studios. — A  general  studio  is  needed  with  ample  height  and  space  with  complete  control 
I  iL'ht,  accessory  electric  lighting  and  flash  light  equipment;  also  dark  rooms  for  developing,  day  light  and 
trie  printing  space,  filing  space,  fireproof,  for  materials  and  prints,  storage  rooms  for  scenic  accessories.  A 
I  linn  of  the  space  is  arranged  with  seats  for  lecture  purposes,  arranged  to  secure  absolute  dark  for  certain  work. 
Music  and  Drama. — Studios  would  be  small  and  numerous,  7X10  ft.  area,  suited  for  the  study  of  music  and 
c  ory.  Dramatic  art,  aesthetic  dancing,  moving  picture  photography  require  good  space.  For  this  part  of  a 
h  ding  a  system  of  heating  by  warm  air  would  obviate  the  transmission  of  sound  through  the  piping  incidental  to 
8  m  heating  apparatus.  The  floors,  walls,  ceilings  of  practice  rooms  should  be  insulated  by  sound  deadening 
l;  erial.  Care  should  be  taken  to  preserve  a  certain  resonance  in  the  individual  rooms.  For  solo,  orchestra  and 
diTiatic  practice,  rooms  of  medium  size,  20  X  28  ft.,  are  required.  Moving  picture  studies  require  sufficient 
Ii  :th  for  proper  focusing,  ample  room  for  the  movement  of  actors.  The  photographic  work  in  connection  will 
r  lire  dark  rooms  6  X  10  ft.  apd  printing  rooms  for  films,  etc.,  and  fireproof  storage  space. 

12i.  College  of  Agriculture. — The  general  course  in  agriculture  will  require 
1;  oratories  for  advanced  work  in  various  applied  sciences.  This  college  has  connection  with 
f;  ners,  stock  raisers,  dairymen,  and  will  hold  institutes  during  the  year  in  the  main  building. 
lis  building  will  contain  the  offices  of  the  dean  of  agriculture  and  committee  rooms  for  various 
p  poses.  The  requirements  for  lighting  and  spaces  will  be  similar  to  the  academic  buildings 
fi  letters  and  science.  In  all  other  buildings  dressing  and  locker  rooms  are  required,  computed 
a  n  the  case  of  gymnasiums. 

Laboratories  in  the  Agricultural  College. — -Soil  study,  mainly  chemical  in  character  but  requiring  large  store 
rins.     About  25  sq.  ft.  per  student. 

Farm  Engineering,  for  Demonstration  and  Study  of  Machines  and  Implements. — Floor  areas  large,  for  heavy 
Ids.     A  freight  elevator  required. 

Agronomy. — The  study  of  seeds,  grains,  etc.  Storage  space  in  small  bins,  and  laboratory  rooms  for  study  of 
Bfls  are  needed.     A  space  of  20  sq.  ft.  per  student  in  laboratories  is  required. 

Dairying. — Butter  and  cheese  making.  The  work  is  partly  applied  chemistry.  A  machine  laboratory  is 
n  led  for  demonstration  of  methods  and  processes.  In  connection  a  fully  equipped  dairy  and  cheese  factory  on  a 
8nll  scale  with  ample  refrigeration  and  storage  spaces  should  be  included.  The  product  is  usually  sold  at  retail 
»^hat  a  selling  department  is  required.  The  computation  of  sizes  will  require  study  of  the  equipment  intended 
tt  e  installed. 

Horticulture. — There  should  be  ample  storage  spaces  specially  ventilated  and  darkened  for  fruits,  vegetables. 
The  principal  work   will  be  on  planting,  grafting,  budding  and  trimming  of  trees,  vines  and  shrubs.     There 
bI  lid  also  be  a  small  laboratory  for  preparation  of  spraj's,  etc.,  about  20  sq.  ft.  per  student. 

Applied  Entomology. — For  the  study  of  insects,  noxious  and  beneficial  to  farms  and  orchards,  cattle,  etc.,  and 
inonnection,  the  art  of  bee  keeping,  with  outside  space  for  apiaries. 

<  Animal  Husbandry. — The  work  in  this  course  is  conducted  largely  in  the  barns  and  fields.  Dressing  rooms, 
Jhvers  and  lockers  are  necessary,  with  a  number  of  reading  or  study  rooms  and  a  department  library.  Records, 
rt|3ters,  pedigrees  of  animals,  should  be  given  fireproof  space. 

Stock  Pavilion. — The  minimum  size  of  the  elHptical  arena  for  a  stock  pavillion  is  175  ft.  long  by  07  ft.  wide, 
"tiin  this  area  horses  of  the  various  types  can  be  exhibited.  Riding,  hurdling,  etc.,  can  be  done.  Tlie  entrance 
shld  be  wide  enough  for  wagons.     About  this  arena  a  concrete  amphitheatre  of  ten  rows  will  seat  2500  people. 

The  other  buildings  in  this  department  will  be  for  horses,  cattle,  sheep  and  swine.  The  herds  will  not  be  large, 
bi  the  buildings  should  follow  the  best  practice  as  to  construction  and  operation. 

12j.  Military  Science  and  Training. — The  buildings  for  military  science  and 
tming  may  be  combined  where  convenient.  The  drill  hall  should  have  an  area  of  about 
4')00  sq.  ft.,  as  nearly  square  as  convenient.     The  dimensions  of  various  drill  rooms  are  as 
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follows:  196  X  200  ft.,   155  X  280  ft.,   175  X  308  ft.,  200  X  300  ft.     Smaller  armories  \ 
halls:  90  X  190  ft.,  60  X  90  ft.,  75  X  105  ft. 

At  the  front  or  side  or  under  the  drill  room  should  be  showers,  toilets,  bowls.  One  or  more  rifle  range 
needed;  also  lecture  rooms  for  instruction  of  officers  and  special  corps,  office  rooms  for  the  commandant  and 
and  an  armourer's  work  room. 

The  difficulty  of  maintaining  a  floor  of  large  size  will  be  minimized  by  having  no  basement  under  the 
room,  and  constructing  a  pavement  of  earth  or  asphaltum  directly  on  the  ground.     The  other  portion  of  the  I 
ing  may  be  two  or  tnree  stories  in  height.     The  great  span  over  the  drill  room  leads  to  excessive  height,  bu 
construction  should  be  kept  as  low  as  practicable.     Excessive  sky  hghting  is  not  desirable.     A  ratio  of  1 
skylight  to  8  or  10  ft.  of  floor  space  is  sufficient. 

Parade  grounds  should  be  as  large  as  practicable  up  to  20  acres  in  extent. 

12k.  University  Extension. — This  department  will  offer  courses  to  persons 
distance.  The  requirements  comprise  a  number  of  working  offices  each  about  14  X  20  ft., ' 
filing  spaces  for  documents  and  theses,  library,  and  a  book-room  space,  and  an  assembly  r 
of  200  sittings.  The  department  sends  out  package  libraries,  lantern  slides,  moving  pic 
films,  and  other  educational  matter  requiring  storage  space.  The  post  office  accommoda 
will  occupy  considerable  room  and  mail  chutes  will  be  necessary  from  the  upper  stories  ol 
building. 

12Z.  Student  Help  and  Recreation. — The  buildings  under  this  head  are 
dormitories,  union,  and  commons. 

The  dormitory  consists  of  a  central  portion  containing  the  general  parlor  and  vis; 
rooms,  a  post  office  room.     The  proctor  or  matron  has  a  suite  in  the  central  portion, 
remainder  of  the  building  contains  the  dormitory  rooms  10  X  14  ft.  for  single,  12  X  14  ft 
double  rooms.     For  one  person  in  two  rooms  the  bedroom  is  7  or  8  X  14  ft.  and  the  s^ 
10  X  14  ft.     For  two  persons  in  three  rooms,  another  bedroom  is  added.     Each  bedi  u^ 
contains  a  closet.     Toilet  and  shower  rooms  are  located  on  each  floor.     For  women  a  ce:  n 
number  of  bath  tubs  is  added.     The  basement  contains  rooms  for  trunks  and  storage,  dining  d" 
serving  rooms  and  kitchen. 

Dormitory  quadrangles  at  some  universities  enclose  a  court  accessible  only  to  students.  The  dormitory 
may  be  small,  of  about  24  rooms  in  three  stories,  or  larger  containing  50  rooms  per  story.  The  larger  units  a: 
expensive  to  build,  but  the  smaller  ones  offer  opportunity  for  individual  donation  of  reasonable  amount. 

The  commons,  where  meals  are  served,  may  take  any  convenient  form.      At  the  Harvard  Memorial  the 
room  is  quite  large.     In  other  cases  the  space  is  divided  into  several  dining  rooms.      Cafeterias  may  be  insta^ 
several  points,  all  served  from  a  central  kitchen.      For  dining  spaces  15  ft.  per  person  is  ample.     Ser\'ing  room; 
cially  for  cafeterias  should  be  long  and  narrow,  open  on  the  front  as  in  public  cafeterias.     Some  room  is  gained  ! 
use  of  balconies  for  dining  space.     The  central  kitchen  will  require  space  similar  to  what  is  common  in  hotels. 

The  union  or  clubhouse  contains  parlors,  social  rooms,  smoking  rooms,  game  rooms,  billiard  tables,  bo  3g 
alleys,  committee  and  society  rooms  and  headquarters.  It  may  have  an  assembly  hall  with  or  without  a  tl  er 
stage.     It  may  contain  a  trophy  room  for  prizes  taken  in  athletic  contests. 

12/«.  Sports    and    Athletics. — University    athletics  come  under  several  h' 
Indoor  gymnasiiun  class  work.  Individual  work,  Corrective  work,  Games,  and  Running. 

The  indoor  work  is  done  in  the  gymnasium  and  game  rooms.     Athletic  education   d 
development  is  constantly  changing,  but  the  regular  equipments  and  spaces  are  still  mainta  'd 
in  good  measure.     The  minimum  floor  area  for  a  standard  gymnasium  is  determined  h} 
standard  dimensions  of  a  basketball  field.     These  are  90  ft.  long  between  goals  by  55  ft.  ^ 
The  space  on  the  side  lines  should  be  at  least  3  ft.  and  at  ends  6  ft.     Outside  of  this  area  s] 
for  bleachers  are  needed.     The  space  per  sitting  on  a  bleacher  is  20  X  27  in.     A  gymna  ■• 
room  should  be  computed  on  the  basis  of  50  sq.  ft.  per  person. 

The  running  track  should  give  11-ft.  head  room  underneath.  The  track  is  6  ft.  wide,  circular  at  the  en. 
should  be  of  such  length,  measured  on  the  line  of  travel,  that  a  certain  number  of  laps  will  make  a  mile.  Th 
is  banked  sharply  around  the  ends,  diminishing  as  the  curve  meets  the  side  runs.  The  usual  banking  is  1  '■2f' 
high  point.  Around  the  edge  of  the  running  track  is  a  railing,  the  spaces  between  posts  filled  with  smoot! 
netting.  Care  is  taken  to  have  no  projecting  knobs,  or  points  about  the  railing.  In  some  gymna.«!ia,  a  single  r 
seats  is  placed  on  the  running  track  balcony  inside  the  circle  of  the  track,  overlooking  the  basketball  field. 

Gymnasium  rooms  are  from  40  X  60  ft.  for  a  small  Y.  M.  C.  A.  to  60  X  90  ft.  as  a  standard  and  75  X  1' 
for  a  large  gymnasium.     The  story  height  is  from  18  to  22  ft.     The  entrances  and  stairs  may  be  at  one  or  prefi 
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both  ends.  Adjacent  to  these  are  the  director's  office,  apparatus  store  rooms,  locker  and  shower  rooms  for 
visiting  teams  and  students,  and  toilets  for  both  sexes.  Where  the  gymnasium  is  used  for  women  as  well  as  men, 
locker  and  shower  rooms  must  be  duplicated.  Toilets  should  be  at  the  rate  of  one  to  twenty  students,  based  on  the 
number  in  any  class. 

The  swimming  pool  may  be  used  in  turn  by  both  sexes.  The  approaches  should  be  well  separated  to  avoid 
confusion.  Between  the  dressing  rooms  and  the  pool,  the  shower  rooms  will  intervene.  Men's  shower  rooms  are 
quite  open,  the  shower  heads  being  along  the  sides  of  the  room.  Women's  showers  must  be  provided  with  individual 
stalls  with  dressing  stalls  4  X  4  ft.  in  size.  Lockers  should  not  be  placed  in  these  stalls  but  in  a  separate  room. 
Where  the  number  of  students  is  quite  large  a  system  of  wire  baskets  12  in.  wide,  12  in.  high  and  15  in.  deep  to 
contain  gymnasium  suits  is  economical.  In  this  case  lockers  for  the  number  of  students  in  the  classes  at  any  hour 
will  be  sufficient,  or  at  most  double  the  number  so  as  to  permit  one  class  to  dress  while  another  is  on  the  floor.  The 
locker  wire  baskets  are  stored  in  racks  in  a  basket  room  with  an  attendant.  The  rack  system  will  accommodate 
three  times  as  many  students  as  the  individual  locker  system. 

Shower  stalls  should  be  enclosed  in 
separate  rooms  to  prevent  steam  from 
entering  the  locker  and  dressing  rooms 
and  swimming  pool  room.  The  ventila- 
tion of  the  rooms  is  difficult  so  that  a 
blast  fan  system  is  desirable.  The  exit 
vents  should  be  placed  neartheceiling,  with 
other  valved  openings  nearthefioor.  Some 
form  of  vent  hood  having  strong  suction 
power  should  be  placed  on  the  exhaust  to 
operate  when  the  fans  are  not  running. 

Game  rooms  20  X  40  ft.  for  hand 
ball,  volley  balls,  squash,  etc.,  must  be 
plain,  well  ventilated  and  lighted.  The 
number  of  these  will  depend  on  conditions, 
but  it  is  well  to  be  conservative  about 
introducing  too  many. 


FIRST  FLOOR  PLAN 


SECOND  FLOOR  PLAN 
FiQS.  2  and  3. — Suggestion  for  large  college  or  university  gymnasium. 


A.  -Jog-K  feet  per  Bee. 
IJ.^i  mile -22  feet  per  sec. 
C  -  yi  mile  -26  feet  per  sec. 
D-  100  yard. 30  feet  per  sec. 

Fia.  4. — Theoretical  angles  for  a  i 
radius  of  25  feet. 


Corrective  gymnastics  require  moderate  sized  rooms  similar  to  game  rooms. 

Stadia  and  Baseball  Bleachers. — The  standard  dimensions  of  a  football  field  are  300  ft.  long  between  goals  and 
160  ft.  wide.  The  running  track  is  outside  of  this  area.  The  length  is  1320  ft.  around  the  track  for  a  quarter 
mile  track  measured  at  one  foot  from  the  inside.  The  width  of  the  track  is  20  ft.  The  straight  away  leads  off  from 
one  side.  The  front  rail  of  the  stadium  is  about  65  ft.  from  the  outside  of  the  running  track.  In  front  of  the  rail 
is  the  band  platform  64  X  20  ft.  and  a  row  of  players'  seats.  The  stadium  is  constructed  of  wood,  steel  or  concrete, 
usually  in  the  form  of  a  horse  shoe  or  open  ellipse,  to  allow  sun  and  wind  to  enter.  The  dimensions  of  the  seats, 
etc.,  are  described  under  grandstands  in  State  Fair  Parks,  p.  740.  At  the  top  of  the  stadium  a  space  for  the 
reporters'  stand  is  desirable.  The  entrances  and  exits  of  the  stadium  will  be  placed  as  most  convenient  and  must 
be  adequate  for  large  gatherings. 

The  baseball  grandstand  is  shaped  along  two  sides  of  a  right  angle  parallel  to  the  ball  field  and  about  50  ft. 
irom  it.  It  may  be  two  stories  high.  The  front  is  screened  with  wire  netting  to  prevent  accident  from  stray 
baseballs.  They  are  constructed  of  steel,  for  large  stands,  and  have  the  usual  dimensions  per  sitting.  Chairs  are 
Employed  to  decrease  the  elevation  of  the  stand  which  is  formed  with  banks  to  afford  a  perfect  view  of  the  field  from 
•all  points.     The  baseball  diamond  is  90  X  90  ft.  and  the  playing  field  300  X  300  ft. 

Field  Houses. — Where  the  grandstand  does  not  give  space  for  dressing  rooms,  etc.,  a  field  house  is  necessary  for 
the  teams.     A  foot  ball  eleven  or  a  baseball  nine  may  include  an  equal  number  of  substitutes  so  that  space  for 
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18  to  22  men  on  each  team  should  be  provided.  Dressing  rooms,  a  shower  for  each  four  men,  two  closets,  urinak 
and  bowls  for  each  team  are  adequate.  The  fixtures  should  be  arranged  to  drain  out  in  winter.  A  separate 
heating  apparatus  is  necessary,  where  steam  cannot  be  brought  from  a  neighboring  plant.  An  emergency  room 
is  required.     A  women's  field  house  requires  individual  dressing  stalls,  shower  stalls,  etc. 

The  usual  water  sports  at  a  university  are  swimming,  canoe  paddling,  shell  racing,  skating,  ice  hockey.  Poi 
these,  a  shore  bath  house  and  a  boat  house  are  necessary. 

The  bathhouse  will  cover  a  good  number  of  dressing  stalls  4  ft.  wide  by  6  ft.  long  as  a  maximum,  furnished  witl 
locked  doors  opening  upon  an  aisle  5  to  6  ft.  wide.  A  water  tap  and  foot  tub  in  each  stall  is  desirable,  and  a  numbei 
of  hooks  for  clothes  and  towels.  Life  lines  and  safe  limit  marks  are  necessary  to  this  sport.  The  boat  house,  fm 
rowboats  and  canoes  will  be  arranged  in  units  about  17  ft.  wide,  with  canoe  racks  3  ft.  6  in.  wide  by  2  ft.  high  or 
each  side  of  a  center  aisle  8  ft.  wide.  Each  unit  should  have  a  doorway  on  the  center  aisle  leading  to  the  platform 
10  ft.  wide,  and  an  apron  extending  to  the  water  and  furnished  with  rollers.  Between  each  apron  a  landing  piei 
3  ft.  wide  extends  perhaps  60  ft.  into  the  water.  A  boat  keeper's  room  with  a  pay  counter  is  required.  In  some 
places  a  sleeping  room  is  necessary.  In  connection  with  the  boat  house  a  life  saving  power  patrol  boat  is  necessary 
It  is  an  error  to  locate  passenger  boat  landings  in  close  proximity  to  a  boat  house  or  bath  house.  The  congestioi; 
due  to  discharge  of  passengers  and  the  danger  of  running  down  small  boats  or  swimmers  is  a  serious  objection  to  the 
plan. 

Winter  sports,  such  as  skating,  skate-sailing,  ice  boating,  and  games  on  the  ice  may  be  accommodated  by  th« 
bathhouse  building,  especially  if  it  can  be  warmed.  For  evening  skating,  electric  light  poles  at  reasonable  intervalt 
are  necessary.     The  skating  areas  should  be  marked  with  flags  or  other  signs  to  prevent  accidents. 

12n.  Administration. — The  president's  suite  comprises  a  general  office  perhapsi 
16  X  24  ft.,  a  private  office  and  stenograpiier's  room.  Tiie  registrar  requires  a  considerabk 
office,  16  X  40  ft.,  with  a  counter  for  ordinary  business;  a  private  office  for  consultation,  privatt 
stenographer's  room,  general  stenographer's  room  for  about  six  persons,  a  record  and  filing  roon: 
10  X  24  ft.  or  larger,  for  student  records,  bulletins,  catalogues,  etc. 

The  offices  of  the  deans  are  usually  located  in  the  main  building  of  their  college,  and  consist  of  a  general  oflBci 
perhaps  20  X  24  ft.,  a  private  office  14  X  20  ft.  and  a  stenographer's  room. 

The  offices  of  the  business  manager  and  staff  will  comprise  a  general  office  16  X  24  ft.,  private  office  12  X  16  ft. 
and  stenographer's  room  12  X  16  ft.,  and  the  regents'  or  trustees'  meeting  room  20  X  32  ft.,  and  ante-rooms  14  X 
20  ft. 

The  bursar  will  require  a  business  office  16  X  40  ft.  with  counter  and  private  oflBce,  accountants'  businest 
office  of  about  the  same  size,  with  paymaster's  counter.     The  purchasing  agent  will  need  about  the  same  space. 

Service  Building. — The  maintenance  and  repair  of  buildings  and  grounds  requires  a  building  of  about  25,00( 
eq.  ft.  of  floor  space.     The  building  should  have  a  freight  elevator. 

"  Central  Heating  Station. — The  central  heating  station,  of  four  or  five  thousand  horse  power  capacity,  wil 
require  about  15,000  sq.  ft.  of  area  for  boilers,  engines,  dynamos,  etc.  A  plant  of  these  dimensions  must  be  designee 
by  a  heating  engineer. 

13.  Normal  Schools. — The  typical  normal  school  comprises  courses  in  general  education 
and  pedagogy.  In  connection  with  this  there  is  required  a  training  school.  Certain  schools 
specialize  on  particular  branches  of  education. 

There  will  be  required  buildings  for 

(o)  General  education  and  pedagogy,  including  library  and  assembly  hall. 

(b)  Training  or  practice  school  including  kindergarten.  | 

(c)  Gynma.sium  with  pool.  I 

(d)  Central  heating  station. 

(e)  Dormitories. 
(/)  BuilHinss  for  special  branches,  such  as  (1)  agriculture,  (2)  manual  training  and  (3)  music  and  art. 

The  main  building  will  be  somewhat  similar  to  a  modern  high  school  building  of  the  first  class.  The  training 
school  will  be  similar  to  a  grade  school,  with  some  high  school  rooms.  Beside  these  there  will  be  a  series  of  rooms 
to  be  used  as  observation  rooms  by  students  in  pedagogy.  These  open  into  class  rooms.  The  gymnasium  and 
heating  station,  dormitories  and  other  buildings  noted  will  be  similar  to  the  same  type  of  buildings  at  universities, 
but  adapted  in  capacity  to  the  attendance  usual  at  normal  schools. 

14.  Public  Schools.' — Public  schools  in  America  may  be  classed  as  rural  schools,  grade 
schools  and  high  schools. 

Rural  Schools. — The  one-teacher  rural  school  building  contains  a  single  class  room  of  standard  dimensions 
23  X  32  ft.  with  cloak  rooms  adjacent.  Such  a  building  will  accommodate  40  pupils.  The  window  lighting  is  on 
one  side  of  the  room  only.  Heating  is  done  by  a  jacketted  stove,  connected  to  a  duct  which  admits  fresh  warmed 
air  to  the  building.  A  vent  duct  adjacent  to  the  smoke  flue  carries  away  the  foul  air.  Provide  separate  cloak 
rooms  for  boys  and  girls,  a  fuel  closet  and  book  closet.  In  the  best  buildings  of  this  class  the  basement  is  excavated 
for  a  furnace,  and  inside  toilets  are  provided  for  both  sexes.  The  remainder  of  the  basement  space  may  be  used  as  a 
play  room  in  severe  weather. 

'  See  also  chapter  on  "School  Planning." 
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Tne  two-teacher  room  represents  the  usual  limit  of  the  rural  school  house  development.  This  contains  two 
lass  rooms  and,  in  the  best  examples,  a  library,  lunch  room,  toilets  for  both  sexes,  domestic  science  and  manual 
raining  rooms.  In  some  examples  the  two  class  rooms  may  be  thrown  together  for  special  occasions,  by  means  of 
lultiple  doors  or  sliding  wood  curtains.  One  and  two-teacher  school  buildings  sometimes  serve  the  community 
)r  social  purposes.  Where  the  school  is  isolated,  so  that  to  go  from  a  boarding  place  to  the  school  house  in  winter 
■ould  be  a  hardship,  two-teacher  schools  are  arranged  with  an  upper  story  divided  into  a  small  apartment  to  be 
cciipied  by  the  teachers.      In  other  examples  a  cottage  is  built  near  the  school  house. 

These  buildings  are  of  frame  construction  or  of  brick,  hollow  tile,  or  stone  masonry  according  to  conditions, 
ho  requirements  for  ventilation,  1200  to  1800  cu.  ft.  per  person  per  hour  measured  at  the  vent  duct,  and  of  window 
ghting  (1  ft.  of  glass  to  5  or  6  sq.  ft.  or  floor  area),  and  of  exits,  and  the  separation  of  sexes  apply  to  these  buildings. 
1  the  case  of  state  aid  schools  these  requirements  are  imperative. 

Grade  Schools  and  High  Schools. — -The  standard  primary  and  grade  school  building  is  from  two  to  three  stories 
iffh  and  contains  six  to  nine  class  rooms  on  each  floor  for  buildings  in  cities.  A  gynmasium  and  assembly  hall  are 
jual  accessories.  Domestic  science  and  manual  training  rooms  arc  commonly  provided,  as  well  as  play  rooms, 
oilcts  are  located  in  tne  basement  or  ground  floor.  The  buildings  are  frequently  symmetrical  about  an  axis, 
ith  the  gymnasium  and  assembly  hall  in  the  rear  court.  The  class  rooms  are  of  the  standard  dimensions,  23  X  32 
or  affording  16  to  18-ft.  area  for  each  person,  with  a  ceiling  height  of  12  ft.  Main  corridors  are  from  10  to  14  ft. 
ide.  Glass  areas  equal  to  one-fifth  to  one-sixth  of  floor  areas  are  required.  Stairways  and  exits  at  or  near  to 
ich  end  and  central  stairways  in  addition  are  usually  provided.  The  buildings  are  heated  by  steam  and  provided 
itn  mechanical  ventilation  affording  from  1200  to  1800  cu.  ft.  per  person  per  hour.  Later  buildings  of  this  type 
•e  fireproof.  Fireproof  corridors  at  least  are  required  in  two  story  buildings  in  most  states.  In  others  the  first 
jor  must  be  fireproof.  The  roofs  are  usually  of  timber  construction.  Risers  in  stairs  may  vary  from  6  in.  high 
,'  11  in.  in  grade  schools  to  7  in.  high  by  11  in.  wide  in  high  schools.  Stairs  and  corridor  floors  are  frequently 
lished  in  terrazzo.     The  same  style  of  floor  finish  is  employed  in  toilet  rooms. 

Class  rooms  commonly  have  a  wood  floor  finish,  maple  being  preferred,  laid  upon  the  concrete  floor,  and  fast- 
led  to  nailing  strips  spaced  about  16  in.  on  centers.  Such  floors  may  be  given  a  durable  finish  by  a  flowing  coat 
'  linseed  oil  with  a  small  amount  of  turpentine,  applied  to  the  wood  while  at  a  boiling  heat,  and  the  surplus 
moved  after  12  hr.     Basement  floors  are  left  to  show  a  finish  surface  of  concrete. 

The  toilet  provisions  for  schools  comprise  individual  closets,  one  for  15  to  20  female  and  one  for  20  male  scholars, 
ith  one  urinal  for  20  males,  wash  basins,  one  for  30  scholars,  and  bubble  fountains,  two  on  each  floor,  with  one 
iditional  for  each  100  scholars.  Schools  having  a  gymnasium  provide  separate  toilets  and  shower  bath  stalls 
imputed  on  the  number  in  gymnasium  classes. 

Ventilation  of  school  buildings  may  be  done  by  gravity,  with  window  inlets  for  fresh  air;  by  blast,  with  fresh  air 
armed  by  steam;  by  recirculation  and  air  wasning.  The  first  is  the  least  expensive  and,  where  practicable,  fairly 
tisfactory.  The  second  is  the  most  common  in  large  buildings.  The  third  is  the  most  costly  for  installation, 
it  most  economical  of  coal  and  most  healthful  and  agreeable. 

The  most  recent  development  is  the  one  story  school  building  about  a  court.  Portions  of  these  schools  are  two 
ories  in  height.  The  different  units  are  connected  by  covered  walkways  or  enclosed  corridors.  The  plan  necessi- 
tes  considerable  areas  of  ground,  but  not  greatly  in  excess  of  the  ordinary  arrangement. 

15.  Fair  Park  Buildings  and  Grounds. — The  design  of  a  fair  grounds  concerns  the  manage- 
lent  of  large  gatherings  of  people  and  their  direction  and  transportation  in  considerable  masses, 
he  exhibition  period  is  short  so  that  the  values  must  be  obtained  quickly.  Everything  that 
ill  simplify  and  facilitate  the  conduct  of  the  enterprise  is  important.  Among  the  things  to 
/oid  are  congestion,  discomfort,  useless  effort  on  the  part  of  visitors,  and  needless  expense  to 
16  exhibitors.  Classification  of  kindred  exhibits  is  desirable  and  the  location  of  the  most 
ppular  in  a  suitable  place.  A  general  design  should  cover  all  matters  of  transportation 
utrance,  exit,  circulation  within  the  enclosure  by  walks  and  drives,  architectural  treatment, 
ndscape  work,  exhibit  fields,  amusement  spaces,  buildings  for  administration,  exhibits,  cater- 
g,  amusements,  public  comfort  and  service.  It  should  be  supplemented  by  an  engineering 
jsign  covering  all  underground  work,  surface  drainage,  lighting,  power,  fire  protection,  water 
ipply  and  waste  and  sanitation. 

Transportation  and  Entrance. — The  entrance  should  be  at  the  point  most  easily  reached  by  transportation 
oilities,  street  cars,  automobiles  and  the  like.  There  should  be  a  large  unloading  space  capable  of  holding  a 
imber  of  street  cars  at  once,  planned  to  unload  and  take  on  passengers  witnout  obliging  them  to  cross  tracks  or  to 
ind  in  streets  open  to  traffic.  Automobile  stands  should  be  separated  from  street  car  stations.  This  class  of 
insportation  may  properly  approach  the  grounds  at  a  subordinate  entrance  or  at  some  point  as  near  to  the  main 
trance  as  convenient.  Considerable  space  should  be  afforded  for  discharging  passengers.  A  separate  area  for 
rking  cars  should  be  provided  so  that  the  space  about  the  entrance  will  not  become  congested.  The  entrance 
'  freight  trucks  and  railway  cars  should  be  at  another  point  on  the  grounds.  The  main  entrance  should  be 
firked  by  a  structure  of  more  or  less  spectacular  appearance,  sufficient  to  indicate  the  place  of  entry  and  to  carry 
corations  of  flags,  lights  and  placards.  The  actual  gateways  may  extend  considerably  beyond  the  space  covered 
such  a  structure. 


740  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec.  4- 

Drives  and  Walks. — It  has  been  the  policy  to  hmit  the  use  of  automobiles  within  the  fair  enclosures.  Driv 
bridges  and  gateways  must  be  designed,  however,  with  reference  to  supporting  the  weight  of  cars  and  aETordi 
adequate  room  for  turning  and  passing.  Wherever  possible,  steps  and  sharp  inclines  in  walks  must  be  avoid 
where  large  crowds  are  customary. 

The  enclosure  of  the  fair  grounds  should  be  made  sufficiently  difficult  to  prevent  climbing. 

Building  Design. — As  a  general  rule  of  planning,  one  story  buildings  should  be  considered.  A  few  structu] 
of  good  height  should  be  included  for  spectacular  effect,  but  the  upper  portions  have  but  little  value  for  exhitn 

Public  Comfort  Stations. — At  various  points  on  the  grounds  public  comfort  stations  should  be  installed.  T 
first  units  should  be  designed  so  that  considerable  additions  may  be  made,  perhaps  to  three  or  four  times  thi 
original  size.  Stations  intended  for  both  sexes  should  be  given  particular  attention  as  to  approach.  It  is  haro 
practicable  to  provide  the  number  of  units  customary  in  permanent  buildings,  but  at  least  one  toilet  to  250  perso 
should  be  installed  in  the  locations  most  commonly  congested.  This  would  give  service  to  one  person  in  twenty  j 
hour. 

Band  Stands. — The  ordinary  band  stand  should  be  about  200  sq.  ft.  in  area  for  a  band  of  twenty  pieces  k 
should  be  elevated  sufficiently  above  the  ground. 

Administration  Building. — The  business  of  carrying  on  the  fair  should  be  located  near  to  the  entrance.  T 
building  should  be  of  permanent  character  and  should  have  fireproof  record  rooms  for  documents.  Beside 
general  business  office,  there  should  be  a  committee  room  of  good  size,  and  offices  for  each  department  of  the  ezhil 
tion.  The  building  will  be  used  considerably  during  the  year  and  should  be  heated,  lighted  and  provided  with  t 
regular  equipments  of  an  office  building. 

Service  Buildings. — The  care  of  the  grounds  during  the  exhibition  period  and  at  other  times  requires  a  buildi 
for  the  superintendent  and  his  corps  of  men.  It  is  generally  necessary  for  the  superintendent  to  live  on  the  grouD 
at  least  during  the  summer  and  in  some  cases  the  entire  year.  The  building  should  provide  quarters  for  a  fam; 
and  a  number  of  dormitories  for  workmen.  The  barns  should  be  ample  and  capable  of  future  expansion.  Sha 
for  mowers,  rollers,  concrete  mixers  and  garden  implements  should  be  conveniently  near.  A  service  yard,  pavi 
with  concrete  or  macadamized,  is  desirable. 

Greenhouses. — A  fully  appointed  fair  grounds  would  include  a  series  of  propagating  pits  for  starting  annui 
and  for  protecting  ornamental  plants  in  a  severe  climate. 

Crating  Yard. — An  enclosure  for  storing  crates  will  save  considerable  expense  to  exhibitors  and  will  ke 
the  grounds  in  good  order  during  the  exhibit  period.     A  portion  of  it  at  least  should  be  roofed  over. 

Power  Station. — Where  electric  current  for  light  and  power  is  accessible,  as  from  the  power  lines  of  the  elect) 
railway,  it  is  usually  preferable  to  buy  the  current.  The  fair  period  is  of  such  short  duration  that  the  investmc 
and  maintenance  of  a  power  station  is  unwarranted  where  reasonable  rates  of  purchase  can  be  had.  The  compu' 
tion  of  current  required  would  determine  the  capacity  of  a  power  station  in  other  cases.  The  building  won 
need  to  be  of  permanent  materials  designed  with  special  reference  to  keeping  the  equipment  in  good  conditil 
during  the  idle  period,  as  well  as  to  providing  a  reasonable  working  space  during  operation. 

Race  Tracks  and  Grand  Stands. — The  vogue  of  horse  racing  is  not  what  it  has  been  in  the  past,  the  interest 
machine  racing  having  taken  its  place  to  some  extent.  In  any  event  a  grand  stand  of  large  dimensions  is  usuaj 
necessary  to  fair  grounds. 

The  concrete  grand  stand,  or  one  constructed  of  steel,  is  the  only  safe  structure  for  the  purpose.  Tempora 
grand  stands  can  be  maintained  for  about  eight  years  if  constantly  inspected  and  thoroughly  repaired.  T 
danger  of  fire  and  collapse  are  always  present  with  a  wooden  structure,  and  only  tlie  most  rigid  inspection,  renew 
and  policing  will  make  one  measurably  safe. 

A  grand  stand  of  reinforced  concrete  or  of  structural  steel  and  concrete  involves  a  large  expenditure,  but 
some  cases  the  ground  space  underneath  can  be  utilized  for  exhibits.  Upper  spaces  have  no  value  of  this  kind. 
concrete  grand  stand  costs  from  $9.50  to  $15.00  per  seat,  in  the  ordinary  case,  where  the  seats  are  left  uncovere 
The  seats  are  arranged  in  steps  about  17  in.  in  height,  where  the  step  forms  the  seat,  or  from  S  to  14  in.  where  pi 
seats  are  provided,  supported  on  brackets.  The  latter  plan  is  superior  as  requiring  less  total  height  and  beil 
easier  of  access.  The  usual  width  of  the  steps  is  2.3  to  25  in.  In  any  case  a  plank  seat  about  11  in.  wide  is  necessai 
for  comfort.     Chair  bodies  are  preferable  to  planks. 

Entrance  to  the  grand  stand  may  be  made  at  several  points.  A  broad  walkway  is  required  between  the  gnu 
stand  and  the  track,  from  which  steps  lead  to  the  rows  of  boxes.  Where  entrance  to  the  stand  is  from  the  front,  I 
other  provision  is  required.  Entrance  from  the  back  may  be  made  by  walkways  under  the  stand  extending 
the  front  on  the  ground  level,  or  by  inclines  leading  to  the  higher  levels  and  entering  the  stand  through  archway 

Restaurant  Buildings.— The  lunch  counter  is  the  normal  fair  grounds  restaurant,  compared  with  which  all  oth 
types  arc  at  a  disadvantage.  Waiter  service  is  in  considerable  use,  however.  The  buildings  are  usually  of  fran 
construction  and  one  story  in  height.  The  area,  outside  of  the  kitchen,  will  not  exceed  15  sq.  ft.  per  person.  Tl 
kitchen  is  much  reduced  in  area  over  the  usual  restaurant  kitchen  and  will  contain  the  range,  vegetable  co<Aie 
soup  kettles,  work  table,  steam  table,  refrigerator  and  store  pantry. 

Concessionaires  Buildings. — These  are  structures  for  the  sale  of  small  objects.  They  are  generally  open  c 
the  sides  and  front,  with  wooden  shutters  for  closing  at  night. 

Exhibit  Buildings. — The  principal  exhibits  at  a  state  fair  are:  farm  machinery,  other  machinery,  proceflBB 
automobiles,  trucks,  tractors,  vehicles,  fruits,  vegetables,  grains,  dairy  products  and  animals.  Galleries  an 
second  stories  are  worthless  for  exhibit  spaces.  The  ordinary  visitor  will  not  go  up  to  a  second  story  at  all,  an 
seldom  to  a  gallery.  The  floors  of  the  buildings  are  marked  off  into  convenient  units  called  booths  with  aisles  bi 
tween  for  visitors.  Ample  daylight  is  necessary  and  electric  lighting  for  evening  use.  A  small  business  offiee 
provided  at  some  point.     Sky  lighting  is  necessary  in  the  usual  case.     The  area  of  glass  surface  in  these  buili 
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ould  be  not  less  than  1  ft.  to  3  ft.  of  floor  area.  Buildings  for  the  exhibit  of  animals  differ  from  others  in  that 
rat  attention  must  be  paid  to  sanitation,  and  there  must  be  provision  for  feeding,  watering  and  protecting  the 
iiiials  from  injury  and  disease. 

16.  Expositions. — The  designing  of  world's  expositions  is  affected  by  the  same  problems 
with  state  fairs,  but  on  a  greatly  magnified  scale.     There  is  opportunity  for  architectural 

lect  not  possible  with  the  smaller  enterprise.  Otherwise  no  essential  difference  obtains. 
le  same  elements  go  to  make  up  the  ultimate  result.  There  is  the  spectacular  field,  the 
hibit  field  and  the  field  of  amusement.  Accessory  to  these  are  the  fields  of  states  and  foreign 
untries.  The  same  problems  of  administration,  transportation,  circulation,  public  comfort, 
stenance,  safety  and  police  protection  obtain. 

17.  Park  Buildings. — Parks  are  of  two  types.  The  grand  park  will  contain  plant  houses 
I  large  size  for  palms  and  other  exotics.  Beside  this  there  will  be  the  animal,  bird  and  reptile 
^uses,  aquarium  buildings  and  outside  spaces  in  connection,  completing  the  zoological  garden, 
refectory  of  considerable  size,  public  comfort  buildings,  boat  houses  and  landings  and  waiting 

ims  at  transportation  terminals.  The  service  buildings  will  be  the  central  heating  station,  the 
;  ministration  building,  gardeners'  cottages,  barns,  sheds  and  greenhouses. 

The  small  park  will  contain  buildings  for  amusements  such  as  a  gymnasium  with  dressing  rooms  for  men  and 

men,  dancing  rooms,  game  rooms,  a  simple  theater  stage,  lecture  and  reading  rooms.      Adjacent  to  it  or  in  con- 

]  tion  will  be  the  bath  building  with  showers,  indoor  swimming  pool,  open  air  swimming  and  wading  pools.     Play- 

i   fields  will  be  provided,  baseball  and  children's  playgrounds  fitted  with  swings  and  other  amusement  apparatus. 

iiic  grounds  provided  with  concrete  camp  fire  places  are  common  in  the  best  parks. 

18.  Theaters  and  Music  Halls. — The  theater  for  the  drama  and  opeira  consists  of  an  audi- 
1  ium  having  a  pitched  or  slanted  floor,  usually  one  or  more  galleries,  and  a  series  of  private 
liXes  at  each  side  of  the  proscenium  arch.  The  orchestra  pit  in  front  of  the  stage  is  depressed 
f^ciently  to  avoid  blocking  the  view.  The  entrance  or  foyer  contains  the  box  office  and  cloak 
;  I  toilet  rooms  for  both  sexes.  The  seating  capacity  varies  from  800  in  small  theaters  to  2000 
i  those  of  average  size  and  3300  for  large  theaters. 

The  Stage. — The  proscenium  opening  should  be  of  such  width  as  to  leave  at  each  side  a  space  on  the  stage 
tiiut  one-third  as  wide  as  the  proscenium.  The  height  of  the  stage  to  the  gridiron  should  be  at  least  2  ft.  more  than 
'tee  the  height  of  the  proscenium  opening.  The  gridiron  or  rigging  loft  consists  of  a  series  of  beams  spaced  closely 
tether  by  which  the  pieces  of  scenery  may  be  supported.  It  should  have  a  walkway  and  service  stair  on  each 
B !  of  the  stage.  The  head  room  above  the  gridiron  should  be  7  ft.  Under  the  stage  a  working  space  is  required 
11;  less  than  8  ft.  high.  The  floor  of  the  stage  is  constructed  of  members  parallel  to  the  proscenium  so  constructed 
•a' o  permit  easy  removal  or  change  of  parts.  In  this  a  regular  number  of  traps  are  framed  out  and  covered.  The 
Id  mechanism  resembles  a  short  elevator,  counterbalanced  and  formed  with  a  platform  to  permit  raising  or 
liering  at  will.  At  the  back  or  one  side  a  large  doorway  is  needed  to  receive  scenery  and  properties.  A  series  of 
d98ing  rooms  of  small  size  and  two  large  dressing  rooms  are  necessary.  The  electric  switch  cabinent  is  placed  at 
0  side  of  the  stage  to  control  the  stage  and  auditorium  lights.  A  large  ventilator  to  carry  off  smoke  and  gases  in 
c';  of  fire  is  now  required  on  all  stages. 

J  The  Auditorium. — The  building  codes  usually  require  36  in.  of  opening  in  e.xits  per  hundred  seats.  The  exits 
ejrequired  to  be  distributed  at  fairly  even  distances  about  the  auditorium  and  to  be  marked  by  signs,  lights,  etc. 
1'  height  of  the  ground  floor  above  the  public  streets  adjacent  is  usually  not  over  3  ft. 

Theater  seats  are  regularly  19,  20,  21  and  22  in.  wide.  Minimum  spacing  2J.2  ft.  back  to  back,  and  average  2^i 
i  Seating  space  in  theaters  is  computed  at  6  to  8  sq.  ft.  per  person  including  aisles,  with  7  sq.  ft.  on  curves.  The 
i<il  width  of  theaters  is  about  75  ft.,  the  height  55  to  60  ft.  above  the  stage  or  3>2  ft.  more  above  the  floor  level, 
P'cenium  width,  not  over  40  ft.,  and  stage  depth  not  over  60  ft.  Tne  pitch  of  the  main  floor  and  balconies  is 
giuated  to  secure  a  uniform  view  of  the  stage  from  all  points. 

Theater  Scenery. — A  minimum  complement  of  scenes  for  a  very  small  theater  would  be,  one  exterior,  one  in- 
ter, one  street  scene  and  one  "cut  wood  scene,"  all  with  proper  wings  and  sky  borders,  one  set  of  "tormenters" 
oronts,  one  drop  curtain.  These  are  attached  by  elevating  strips  counterbalanced  to  the  gridiron,  and  operated 
b-opes.  In  low  stages  the  scenes  must  be  rolled  up  from  the  bottom,  which  is  undesirable.  Besides  these,  other 
lima  called  flats  are  used.     In  these  the  scenery  is  attached  to  hinged  frames. 

Moving  Picture  Theaters. — This  type  of  building  differs  from  the.ordinary  theater  mainly  as  regards  the  stage, 
fl|oh  may  be  brought  to  a  minimum  practicable  depth  of  perhaps  10  ft.  Provision  for  safety  agamst  fire  is  neces- 
8y  on  account  of  the  inflammable  nature  of  the  picture  films  in  use.  The  shape  of  the  building  is  controlled  prima- 
•■'by  the  distance  necessary  for  the  best  optical  effects.  The  picture  booth  should  be  of  fireproof  materials  and 
s'uld  have  special  ventilation.     The  exits,  seating  and  other  accessories  will  be  the  same  as  for  regular  theaters. 

The  Concert  stage  is  usually  enclosed  with  wood  panelling  for  resonance.  The  organ  may  be  arranged  in  parts 
atach  side  of  the  proscenium  with  the  movable  console  on  the  stage.     The  chairs  for  singers  are  disposed  on 
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benches  rising  consecutively  toward  the  back,  sometimes  in  the  arcs  of  circles.  The  benches  should  be  about  3 
wide  to  serve  for  orchestra  purposes  as  well.  An  orchestra  of  60  pieces  will  require  SOO  sq.  ft.  Small  orchesti 
somewhat  more  per  man.     A  great  organ  will  require  from  450  to  900  sq.  ft.  of  area  and  a  height  of  36  to  40 

Temporary  Stayes. — The  best  form  of  movable  stage  is  one  composed  of  stout  tables  firmly  bolted  to  each  oth 
The  table  tops  should  be  made  without  overnang  and  the  frames  bored  for  thumb  screws  with  large  grips.  T 
units  may  be  3  X  6  ft.  in  size  for  easy  handling.  The  units  for  the  flat  portions  will  have  legs  of  uniform  heigl 
The  rear  sections  will  be  taller  to  form  the  stepped  areas.  A  stage  of  this  kind  may  be  made  up  of  diflferent  sizes 
will.  Along  the  front  and  about  tne  sides  iron  stanchions  and  rails  may  be  clamped  for  safety  and  good  appearan 
The  steps  should  be  self-contained,  clamped  to  the  stage,  and  have  stout  hand  rails. 

Open  Air  Theaters. — The  Greek  theater  has  been  the  model  in  most  cases.  The  theater  at  Berkeley,  Californ 
is  typical.  In  this  the  seating  is  of  concrete,  partly  seated  with  chairs.  The  capacity  will  depend  partly  on  t 
character  of  the  ground,  a  sloping  hill  side  giving  the  greatest  convenience.  The  stage  and  proscenium  may 
architectural.  Other  scenery  is  not  commonly  used.  A  simple  theater  may  be  designed  by  accommodating  t 
slope  to  the  line  of  vision,  elevating  the  seats  continuou.sly  to  give  a  good  view  of  the  stage.  The  seats  may 
secured  to  timbers  anchored  to  the  ground.  The  stage  should  be  of  timber  work  with  a  wood  floor,  covered  if  i 
sired  with  canvas.  The  background  may  be  of  canvas  supported  on  frames,  or  of  trees  and  shrubs  set  thickly 
gether.  A  railing  at  the  back  and  sides  is  necessary  for  safety.  The  stage  area  should  be  about  the  same  as  fo 
small  theater  and  the  proscenium  opening  will  be  formed  by  a  frame  at  each  side  covered  with  canvas.  This  affoi 
support  for  the  stage  lighting  which  will  be  suspended  on  wire  cables.  Simple  dressing  rooms  are  required,  w 
canvas  divisions.     The  auditorium  will  be  enclosed  with  a  canvas  screen  supported  on  posts. 

19.  Dance  Halls  and  Academies. — The  usual  form  of  dance  halls  is  that  of  the  lectu 
hall,  rather  longer  than  wide.  In  addition  to  the  dancing  floor,  retiring  rooms,  cloak  rooms  a: 
toilets  for  both  sexes  are  required  and  a  good  sized  foyer  or  gathering  room.  Over  these  rooi 
the  visitors'  gallery  is  placed,  and  in  some  halls  narrow  refreshment  galleries  extend  along  t 
sides  of  the  room.  The  dancing  room  should  be  high  studded  and  well  ventilated.  T 
musicians'  gallery  may  be  at  the  front,  but  not  too  high  above  the  floor.  In  dancing  cafes  t 
refreshment  tables  are  on  the  dancing  level.  A  dancing  academy  will  require  a  suite  of  busin( 
offices  and  special  rooms  for  individual  instruction. 

20.  Military  Buildings. — The  description  of  drill  halls  in  Art.  12j,  will  be  sufficient! 
similar  buildings  in  this  section.  Beside  these  are  the- riding  school  buildings,  rather  simi 
in  the  main,  but  requiring  a  dirt  or  bark  floor  for  horses.  In  connection  there  will  be  the  stab 
for  which  see  "Animal  Husbandry,"  under  Art.  12i.  Other  buildings  will  be  the  barrac 
officers'  quarters,  toilet  buildings,  ammunition  buildings,  quartermasters'  buildings  and  t 
post  exchange. 

The  barracks  at  the  cantonments  in  the  United  States  during  1916-18  were  of  frame  construction,  two  stoi 
high,  resting  on  a  foundation  of  concrete  posts.  The  space  between  posts  was  closed  in  to  the  ground  with  boa 
ing.  The  typical  barracks  plan  comprised  a  central  hallway  with  stair,  and  dormitories  at  each  side,  computed 
the  basis  of  85  sq.  ft.  per  man.  A  sergeants'  room  for  each  dormitory  room  was  placed  near  the  entrance.  T 
buildings  were  heated  with  jacketted  stoves,  and  lighted  by  electricity.  Some  of  the  barracks  at  Camp  Gra 
Illinois,  were  heated  by  steam,  the  mains  being  carried  overhead  from  a  central  heating  station. 

The  toilet  buildings  were  located  adjacent  to  the  barracks,  one  for  each  building,  and  contained  the  sho\ 
rooms  with  heaters,  closets,  urinals  and  washing  troughs.  The  heating  and  lighting  apparatus  was  similar  to 
barracks  equipment.  The  floor  was  of  concrete,  carried  up  two  to  three  feet  on  the  side  walls.  Barracks  and  toil 
were  boarded  on  the  outside,  lined  with  building  paper  and  ceiled  inside  with  boarding  three  feet  high  and  w 
"compo"  board  or  heavy  pasteboard  above.  The  construction  was  extremely  light.  Roof  ventilators  w 
provided  on  the  buildings.     Windows  and  doors  were  of  stock  form. 

Buildings  for  naval  reserve  cantonments  were  similar,  but  arranged  in  groups  in  some  instances.  The 
barracks  were  disposed  about  a  square.  One  unit  of  nine  buildings  was  adjacent  to  a  double  mess  hall.  1 
buildings  contained  112  men  each;  the  mess  halls  500  men  each.  Two  toilet  and  shower  buildings  served  the  groi 
Separate  units  were  provided  for  probationers.  There  were  ten  officers'  barracks  with  separate  toilet  and  shot 
buildings.  The  barracks  were  161  ft.  long  by  25  ft.  wide.  The  hospital  group  contained  four  wards  with  fc 
toilet  buildings,  a  hospital  corps  dormitory,  officers'  quarters,  nurses'  quarters.  The  other  buildings  were  I 
administration  building,  army  library,  camp  theater  for  2700  men,  tl)e  commissary,  Y.  M.  C.  A.  and  K.  C.  a 
the  entrance  of  the  grounds.  .A 

21.  Public  Comfort  Stations.' — The  public  comfort  station  for  both  sexes  requires  seg^ 
tion.  A  common  waiting  room  would  be  feasible  under  the  best  circumstances,  otlierwise  nc 
The  station  will  be  composed  of  an  ante-room,  sometimes  with  two  types  of  accommodatio 
common  and  first  class.     There  would  be  no  difference  in  the  fixtures.     Compartments  shou 

^  Sec  also  chapter  on  "Public  Comfort  Stations." 
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;e  lined  with  marble  or  other  enduring  material.  In  the  women's  side  a  table  for  dressing 
liildren  is  needed.  The  building  may  preferably  be  above  ground,  but  in  cities  basements 
I-  other  underground  spaces  are  most  available.  The  computation  of  fixtures  required  will 
epend  upon  custom.  A  reasonable  computation  may  be  based  on  the  number  of  persons  one 
xture  will  serve.  Taking  43-^  min.  as  the  average  time  of  occupancy  for  fixtures  of  all  sorts, 
16  fixture  will  serve  13J-^  persons  per  hour.  An  equipment  of  four  closets  for  women,  two 
iosets  and  two  urinals  for  men  would  serve  107  persons  per  hour.  The  addition  of  two  urinals 
ould  given  an  increased  capacitj'  of  40  persons  per  hour. 

22.  Tombs,  Memorials,  and  Halls  of  Fame. — Memorials  are  of  two  principal  types.  The 
rst  is  purely  sculptural  or  mortuary.  The  mortuary  crypts  will  be  similar  to  those  of  public 
ausoleum.  The  second  intended  primarily  as  a  memorial,  partakes  of  secondary  character- 
Itics  such  as  a  museum,  art  gallery  or  chapel.  All  such  buildings  should  have  some  feature  to 
dicate  the  idea  of  a  inemorial.  A  bronze  tablet  may  hardly  meet  the  requirement.  In  some 
;amples  the  foyer  or  some  central  room  is  made  to  give  expression  to  the  memorial  idea.  In 
lis  a  statue  or  portrait  may  be  placed.  The  design  and  detail  of  the  memorial  portion  should 
>  carried  out  in  materials  of  permanent  character  and  excellent  appearance,  and  to  a  consider- 
)le  extent  constitute  a  chief  attraction  of  the  building.  The  remaining  portions  should  be 
3ll  done  and  of  enduring  materials,  rather  than  to  be  so  large  as  to  necessitate  cheap  expedients, 
he  hall  of  fame  has  a  certain  resemblance  to  a  museum  of  sculpture.  The  central  portion  is 
hsigned  partly  for  architectural  effect.  It  will  contain  statues  of  celebrated  men  to  whom 
iirticular  honor  is  intended.  The  subordinate  parts  of  the  building  will  give  space  for  portrait 
ists  of  men  of  various  degrees  of  distinction.  The  Pan  American  Building  at  Washington 
irtakes  to  some  extent  of  the  nature  of  a  hall  of  fame. 

23.  Civic  Centers. — The  community  building  is  an  important  element  of  a  small  town  or 
a  neighborhood  in  a  city.     It  partakes  of  the  character  of  a  club  house,  but  the  uses  are 

mewhat  different.  No  living  quarters  are  required  except  for  the  caretakers.  Rather  large 
Itnquets  and  other  social  functions  will  be  served  but  the  kitchen  provision  may  be  simple  if 
fficiently  spacious.  Game  rooms  and  especially  bowling  alleys  are  desirable.  The  principal 
om,  frequently  on  the  second  story,  will  be  used  for  lectures,  dances,  mass  meetings  and  on 
casion  for  religious  services.  There  should  be  toilet  and  retiring  rooms  for  both  sexes.  The 
st  story  will  contain  the  offices  and  social  rooms,  billiard  room,  magazine  room,  etc.  In 
laller  examples  the  street  front  is  occupied  by  small  stores  for  cigars,  soda  and  mineral  waters, 
a  women's  exchange.  The  advantage  of  this  arrangement  is  that  the  burden  of  carrying  on 
e  building  is  lessened  and  convenience  is  served  at  the  same  time.  The  entire  first  story 
:ould  not  be  so  occupied,  but  only  a  small  area  on  each  side  of  the  front  entrance. 

24.  Buildings  for  Sepulchres. — The  public  mausoleum  in  which  compartments  are  sold, 
insists  of  a  central  mass  of  reinforced  concrete,  formed  into  cells  or  crypts  2^-^  x  2}4  x  7ft.  with 
'ills  about  4  in.  thick,  arranged  in  4  or  5  tiers.  The  smaller  buildings  of  about  60  crypts 
imprise  a  central  hall  of  good  height,  in  which  burial  services  maj^  be  held,  with  crypts  in  wings 
(■  each  side,  arranged  along  a  corridor  8  to  10  ft.  wide.  Special  crypts  or  rooms  containing 
•Vpts  are  placed  in  the  main  portion.  The  crypts  are  closed  upon  occupation,  with  a  3  in.  slab 
<  concrete  grouted  into  place.  The  crypt  is  provided  with  a  lead  drainage  tube  and  ventilat- 
i?  tube  leading  to  a  central  receptacle  containing  a  powerful  disinfectant.  From  there  the  ven ti- 
ling pipe  extends  to  the  outside.  The  building  is  composed  of  masonry  faced  usually  with  cut 
i)ne.  The  interior  is  lined  with  marble  on  walls  and  floors.  The  ceilings  are  of  plaster  or 
ner  decorative  material.  Doors  and  window  sash  are  of  bronze.  The  intention  of  these 
lildings  is  to  conserve  the  remains  placed  in  them  for  a  long  time.  To  do  this,  the  building 
ielf  must  be  of  enduring  materials.  Everything  of  an  ephemeral  nature  should  be  avoided 
£d  precaution  taken  against  the  effects  of  time  and  the  elements,  especially  rain  and  frost. 

.e  buildings  are  lighted  by  windows  in  the  ends  of  the  corridors.  Roof  lights  or  transoms 
1  the  roof  are  sources  of  water  leaks.  The  buildings  are  warmed  by  hot  air  furnaces  if  at  all. 
n-eceiving  vault  with  metal  supports  for  caskets  may  be  connected  to  these  buildings,  in  a  com- 
irtment  with  a  separate  entrance.  A  crematory  with  furnaces  of  special  design  is  provided 
isome  cases. 
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Similar  provisions  as  to  the  construction  of  individual  mausoleums  are  necessary  whether  the  structure  b 
simple  or  elaborate.  The  tendency  to  collect  moisture  and  to  create  water  pockets  which  cause  damage  by  freezin 
is  the  most  frequent  source  of  decay  of  these  buildings. 

25.  ChtiTches. — Church  buildings  in  America  fall  into  classes,  those  for  services  whic 
require  an  altar  and  a  liturgy,  and  those  that  do  not.  In  this  respect  the  Roman,  Greet 
Lutheran  and  Episcopal  church  buildings  are  more  or  less  similar.  In  the  same  way  all  othe 
church  buildings  are  somewhat  alike,  one  to  another.  The  service  of  the  altar,  the  processional 
and  other  functions  hold  the  seating  in  straight  lines  and  to  a  long  and  comparatively  nano' 
building  with  a  level  floor. 


Fig.  5. — Typical  plan  of  Roman  Catholic  church. 

The  Roman  Catholic  Church. — Buildings  of  tnis  type  owe  their  form  to  the  buildings  of  the  early  Christii 
Church,  which  were  based  on  the  scholce  or  halls  common  in  the  cities  of  the  Roman  Empire.  These  were 
rectangular  form,  narrower  than  long,  with  semicircular  apse,  or  chancel,  at  the  end  opposite  the  entrance.  J 
the  Roman  Church  the  altar  stands  free  from  the  wall  of  the  chancel  affording  a  passage  or  ambulatory  behini 
The  chancel  is  raised  above  the  floor  of  the  church  and  is  considerably  elaborated  according  to  the  size  and  in 
portance  of  the  church.  The  main  portion  of  the  building  is  called  the  nave.  The  roof  of  this  portion  is  supporti 
on  columns.  The  spaces  between  tnem  and  the  side  walls  are  called  the  aisles.  The  walls  of  the  nave  are  highi 
than  of  the  aisles,  giving  a  clerestory,  the  windows  of  which  light  the  central  portion.  At  each  side  of  the  chana 
arch  are  the  low  altars.  The  end  containing  the  chancel  is  known  as  the  east  end,  without  regard  to  the  actu 
points  of  the  compass.  The  entrance,  at  the  west  end,  admits  to  the  vestibule,  or  narthex  from  which  stairs  lead  1 
the  gallery  overhead.  This  gallery  contains  the  organ  and  choir  and,  in  some  churches,  a  number  of  sitti] 
The  font  is  placed  either  in  the  vestibule  or  the  nave  or  in  a  baptistry  on  the  north  side.  Along  the  sides  of  tl 
church  at  regular  intervals  are  the  stations  of  the  cross,  more  or  less  elaborated,  and  near  to  the  front  the  confe 
sionals.  The  chancel  is  provided  with  one  or  more  sacristies,  8  X  10  ft.  as  a  minimum,  usually  two,  beside  a  cho 
sacristy  and  other  necessary  rooms.  The  building  may  have  transepts  or  wings  adjacent  to  the  chancel  W»l 
They  are  not  so  common  in  the  Roman  Church  as  in  the  English  type.  The  basement  may  be  used  for  a  pans 
room,  Sunday  school,  and  other  activities.  In  the  usual  examples  the  tower  is  centrally  located,  over  the  entrana 
but  duplicate  towers,  after  the  cathedral  arrangement  are  common.  The  arrangement  of  pulpit,  lectern  and  oth< 
accessories  should  be  carefully  studied  to  conform  to  the  usage  of  the  church.  Adjacent  to  the  nave  and  extern 
ing  by  the  chancel  may  be  one  or  more  chapels.  The  church  building,  parish  house  and  rectory  complete  tne  chore 
plant  to  which  may  be  added  the  parochial  school. 

The  Lutheran  Church  follows  the  tradition  of  the  Roman  as  to  the  main  plan  of  the  building.  The  altar 
retained,  but  the  arrangement  of  the  chancel  is  somewhat  modified.  ' 

The  Protestant  Episcopal  Church  follows  the  English  tradition  and  use.  The  nave,  aisles  and  vestibules  :i 
similar  to  the  Roman  type.  Transepts  are  more  common  and  larger.  The  chancel  is  set  farther  back,  the  ch 
intervening  between  it  and  the  nave.  The  chancel  may  be  octagonal,  though  of  recent  years,  rectangular  chanci 
have  come  into  use.     The  altar  is  placed  against  the  wall,  with  a  dossel  or  reredos  and  a  foot  pace  like  the  Uoni.i 
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Fig.  6. — St.  Mark's  English  Lutheran  Church,  Roxbury,  Mass. 


ar.     The  chancel  rail  separates  this  portion  from  the  choir,  which  is  again  railed  off  from  the  nave.     The  choir 

nches  face  to  the  center  line  of  the  church  leaving  a  broad  space  in  front  of  the  altar.     The  choir  is  raised  above 

e  nave  by  one  to  six  steps,  as  required. 

le   organ   is  located   on  one  or   both 

les    of    the    choir    with    the    console 

jsing  the  center.     The  lectern  on  the 

jth  and  the  pulpit  on  the  north  are 

iced   at   the  railing  of  the  choir.     In 

me  examples  the  nave  is  separated  by 

■ood  screen  at   the   choir  front,  or  a 

igle  rood  beam  indicates  the  separa- 

in.     The  sacristy  and  other  adjacent 

5ms  are  similar  to  the  Roman  type. 

le    font     is     similarly    placed.     The 

)rning  chapel  at  one  side  contains  a 

lall  altar  and  seats  for  forty  or  more 

ople.     The  parish  house,  common  to 

th  Roman  and  Episcopal  churches  is 

?d  for  the  various  guilds  of  the  church, 

d  contains  an  assembly  room,  kitchen, 

oir     practice     room,     choir     vesting 

3ms,  etc. 

The  Protestant  Churches  not  using  a  liturgy  have  adopted  a  different  form  of  building  in  many  examples.      The 

ve,  aisles  and  chancel  are  replaced  by  a  broad  auditorium,  with  or  without  a  gallery,  facing  a  raised  platform  with 

the  pulpit  and  the  seats  for  the  clergy. 
Back  of  this  is  the  organ  and  choir  gallery 
occupying  the  place  of  the  chancel  in  the 
liturgical  churches.  The  main  floor  is 
usually  slanted  toward  the  front.  Imme- 
diately in  front  of  the  platform  is  the 
communion  table.  Perfect  vision  and 
hearing  are  required  and,  for  this,  all  col- 
umns and  other  obstacles  have  been  elimi- 
nated from  the  body  of  the  church  except 

^  »"'=  ■  The   other   notable  development  of  these 

churches  is  the  Sunday  School  building  at 
one  side  or  the  rear  of  the  church.  This 
is  arranged  to  be  opened  into  the  church 
by  sliding  partitions  on  occasion.  The 
Sunday  school  room  is  planned  on  circular 
lines,  with  class  room  alcoves  around, 
he  basement  is  divided  into  parlors,  kitchen  and  rooms  for  various  activities.  In  the  completed  plant  a  parish 
)use  and  rectory  are  included. 

The  Baptist  Ch  urch  building  is  similar  to  the  above 
cept  that  a  baptismal  pool  is  required.  This  is  of  good 
«e,  perhaps  100  sq.  ft.  in  area,  and  of  convenient  depth, 
revision  for  warming  the  water  is  necessary.  The  pool  is 
osed  off  or  covered  over  except  as  needed. 

The  Unitarian  Church  plan  is  that  of  an  auditorium 
ith  a  platform  in  front  and  a  choir  gallery  at  the  back  or 
1  one  side.  Committee  rooms  and  social  rooms  are 
quired. 

The  Christian  Science  temple  is  similar  in  plan.  The 
luipment  of  reading  rooms,  study  rooms,  etc.,  is  larger 
lan  for  other  buildings  of  this  class. 

The  Synagogue  plan  is  that  of  a  square  covered  by  a 
it  dome.  At  the  center  of  the  east  side  is  the  altar  plat- 
rm  and  in  the  orthodox  synagogue  the  recess  for  the  ark 
the  covenant.  The  main  entrance  and  vestibules  will 
;  on  the  west.  The  reader's  desk  is  on  the  main  floor, 
lite  advanced  from  the  altar  precinct.  At  one  side  of  the 
atform  is  the  private  room  of  the  rabbi,  14  X  14  ft.  and  a  similar  room  for  the  reader  on  the  other.  A  chapel 
t  X  18  ft.  to  16  X  25  ft.  may  be  located  at  one  side  of  the  front.  School  rooms  16  X  25  ft.  may  be  at  one  side  or 
the  basement.     Beside  these  are  the  library,  14  X  25  ft.,  assembly  and  parlor,  24  X  35  ft.     In  the  orthodox 


Fig.  7. — Protestant  Episcopal  Christ  Church,  New  Haven,  Conn. 


Fig.  8.- 


-"Other  Protestant  Churches,"  West  Presby- 
terian Church,  Binghampton,  N.  Y. 
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synagogue  no  organ  or  separate  choir  are  employed.  The  architectural  design  follows  the  Byzantine,  affected 
the  Saracenic,  and  the  decoration  will  employ  Hebrew  symbols,  the  seven  branched  candlestick  and  six  pointed  at 
and  the  geometric  designs  growing  out  of  it. 

Beside  the  orthodox,  there  are  the  conservative  and  the  modern  or  reformed  synagogues,  in  which  the  ancic 
practice  and  liturgy  is  somewhat  modified.  In  these  buildings  the  reader's  desk  is  placed  on  the  altar  platfor 
The  pipe  organ  and  choir  are  employed,  in  a  gallery  on  the  east  side.  The  altar  platform  is  considerably  enlarg 
to  admit  of  the  more  elaborate  service.  Some  of  the  modern  synagogues  contain  large  upper  galleries  so  that  t 
total  capacity  may  exceed  the  ordinary  audience.  In  these  buildings,  very  complete  cloak  rooms,  etc.,  are  inb 
duced.  The  style  of  architecture  is  considerably  modified,  tending  to  the  Classic,  but  the  central  dome  is  contain 
for  practical  and  aesthetic  reasons. 


MAIN  FLOOR  PLAN 
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FiG8.  9  and  10. — Floor  plans  of  The  Temple  (Synagogue),  St.  Paul,  ?.!inn. 

The  Cathedral  as  related  to  the  church  is  the  official  place  of  service  of  the  Bishop.  Of  large  size  and  nol 
appearance,  it  has  nothing  of  difference  from  other  church  buildings  other  than  in  size.  The  basement  or  crypt  m 
contain  special  chapels.  There  is  sometimes  a  church  school  or  college  in  connection,  which  will  not  differ  greai 
from  other  schools.      Notable  examples  of  cathedrals  are  in  New  York,  Baltimore  and  other  large  cities. 

Student  Chapels  in  theological  seminaries  are  sometimes  seated  in  lines  parallel  to  the  main  axis  of  the  buildil 
The  building  is  in  this  case  an  enlarged  choir  with  the  chancel  at  the  end. 

26.  Detention  Buildings. 

26a.  The  Lockup. — The  lockup  is  intended  for  temporary  detention  of  persoj 
accused  of  minor  offenses  or  crime.  It  is  used  also  for  shelter  of  vagrants  and  other  persons  i 
severe  weather.  The  laws  of  the  different  states  vary  in  accordance  with  conditions,  as  whethi 
there  be  a  large  colored  population.  In  the  usual  case  the  building  is  required  to  contain  tw 
rooms  so  that  the  sexes  may  be  segregated.  Minimum  dimensions  are  22  X  40  X  10  ft.  TI' 
women's  room  is  furnished  with  a  cot:  the  man's  room  with  standard  steel  cells,  5X7X71 
8  ft.  in  dimensions,  provided  with  a  cot  or  plank  bed.  A  typical  plan  with  four  cells  is  hei 
shown. 

The  building  is  of  masonry  or  concrete,  and  is  equipped  with  light,  preferably  electric,  and  with  prison  cloee< 
A  stove  is  used  for  heating.  Detention  rooms  in  a  court  house  or  other  building  may  be  constructed  adjacent  to 
main  exit,  but  not  in  a  basement  below  ground. 


265.  Police  Stations. — The  police  station  is  a  development  to  answer  the  req 
ments  of  a  town  or  city.     The  detention  portion  is  enlarged  to  contain  a  number  of  cells  and 
office  portion  for  police  and  other  officials.     In  no  cases  should  a  police  station  be  located  in 
basement  of  a  building.     The  plan  of  a  police  station  includes  a  cell  room  for  men,  one  or  mor 
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iitention  rooms  for  women  and  for  juvenile  offenders,  and  a  room  for  vagrants  and  persons 
jSking  shelter  in  severe  weather.  All  these  rooms  should  be  on  the  first  floor  and  as  near  the 
iicet  level  as  possible.  Two  or  more  stories  of  cells  and  all  expedients  involving  the  movement 
( persons  up  or  down  stairs  are  impracticable. 

CM  Room. — Cells  must  be  5  X  7  ft.  size,  with  prison  closets,  and  may  have  washbowls  with  bubble  fountains 
(iibined. 

Detention  rooms  for  u'omen  are  similar  to  cell  rooms.  Separate  rooms  of  not  less  than  SO  sq.  ft.  area  are  desir- 
( e,  with  prison  closets,  wash  bowls  and  bubble  fountains  and  cots.     Each  room  should  be  ventilated  by  a  separate 

Juvenile  Rooms. — The  detention  of  juveniles  requires  rooms  like  those  for  women. 

Tramp  Rooms. — The  room  for  vagrants  and  persons  seeking  shelter  require  a  prison  closet,  wash  bowl  and  bub- 

I   fountain.     Sleeping  platforms  made  of  smooth  wood  resting  on  heavy  cleats  about  6  inches  high  should  be 

I'vided.      The  room  should  be  above  ground,  well  ventilated,  heated  and  lighted.     Shower  baths  may  be  added. 

The  office  portion  of  the  police  station  will  contain  the  muster  room,  captain's  office,  clerk's  office,  a  fireproof 

ilf  for  storage  of  records,  a  large  sitting  room.     In  the  second  story,  offices  for  the  sergeants,  roundsmen  and 

irtives  and  the  section  or  dormitory  rooms  for  policemen,  with  toilets  and  showers. 

At  one  side,  on  the  ground  level,  will  be  the  patrol  barn  with  stalls  for  horses,  harness  rooms,  grain  and  hay 

f  rage,  or  a  garage  equipment  where  motor  vehicles  are  used. 


Fig.  11. — Typical  lockup. 


Fia.  12 — Typical  police  station. 


26c.  Jails. — This  class  of  buildings  contemplates  the  continued  detention  of  the 
i nates,  and  requires  a  complete  equipment  for  cooking  and  serving  meals.  The  cells  must 
I  arranged  with  bunks.  Sick  wards  or  hospital  cells  are  necessary.  Opportunity  for  bathing 
^3uld  be  provided,  preferably  by  shower  baths.  The  requirements  for  protection,  security, 
!ii;regation,  accessibility  and  sanitation  as  for  police  stations,  are  imperative.  There  should 
I  ample  sunlight  in  every  part. 

Wit7iess  Rooms. — It  may  be  necessary  to  detain  witnesses  for  a  time,  and  the  jail  serves  as  the  most  convenient 
1  ce.  Special  rooms  for  such  detention,  8  X  10  ft.  in  size  with  good  windows,  toilet  and  wash  bowl,  and  vent  flues 
t  required.  While  these  rooms  need  not  be  cells  they  should  be  secure.  Meals  will  be  served  from  the  jail 
Ishen. 

Jailer's  Residence. — The  jail  plant  includes  a  residence  for  the  official  in  charge,  separated  from  other  portions 
1  standard  fire  doors  and  standard  fire  walls. 


2M.  Workhouses. — These  institutions  are  intermediate  between  the  jail  and 
tj  penitentiary.  The  workhouse  in  a  city  location  must  resemble  the  jail  in  point  of  security 
Jfiinst  escape.  The  interior  arrangement  will  be  like  that  of  an  industrial  school,  with  work 
Ijildings  located  in  an  enclosed  space  protected  by  walls  or  fences  as  circumstances  demand, 
fparation  of  sexes,  protection  against  fire,  proper  sanitary  equipment,  heat,  ventilation,  etc., 
; '  unperative.     For  dormitories  and  sleeping  rooms,  the  required  areas  per  person  are,  for  one 
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80  sq.  ft.,  for  two  120  sq.  ft.,  for  three  160  sq.  ft.,  and  for  four  or  more  45  sq.  ft.  for  each  pen 
For  dining  room  15  sq.  ft.  per  person  are  required.  Exercise  rooms  are  required  equal  to 
dining  room  in  area.  Assembly  rooms  should  have  6  sq.  ft.  per  person.  School  rooms  for 
primary  education  of  illiterates  are  necessary;  also  private  quarters  for  officials  include  dir 
rooms,  reading  rooms  and  dormitories. 

Where  located  in  the  country  the  description  of  industrial  schools  will  apply  in  general 
the  workhouse. 

26e.  Industrial  Schools. — Institutions  of  this  class  are  most  advantageoi 
located  away  from  cities  where  a  considerable  area  of  ground  can  be  obtained.  In  this  case 
items  of  accessibility  from  town  and  provision  for  adequate  water,  sewer,  Ught,  heat  and  po 
must  be  kept  in  mind  (see  "Institutions  Isolated  from  Town  and  Cities,"  Art.  29).  The  ■ 
dency  is  to  divide  the  inmates  into  groups,  housed  in  cottages,  grouped  around  central  buildi 
containing  the  dining  room,  kitchen,  assembly  hall,  etc.  In  some  of  these  institutions  a  wa 
enclosure  is  necessary.  Open  dormitories  are  suitable  for  younger  inmates.  Quarters 
attendants  and  hospital  spaces  are  necessary.  The  directors  of  the  institution  and  certain  oi 
officials  should  have  separate  cottages  for  residence.  In  so  far  as  buildings  of  considerable 
are  built,  they  should  be  of  fireproof  materials  with  a  minimum  of  woodwork.  One-si 
cottages  may  be  of  less  substantial  character. 

26/.  Industrial  Homes  for  Women. — Detention  institutions  for  this  clas 
offenders  resemble  workhouses  for  men.  They  will  require  somewhat  different  buildi 
There  will  be  the  administration  building,  reception  building,  maternity  building  and  hosp: 
cottages,  refectory  and  assembly  hall,  industrial  buildings,  superintendent's  residei 
employees'  cottages  and  central  heating  plant. 

The  administration  building  will  contain  offices  for  the  superintendent,  accountant,  and  other  business 
ployees,  parlors  and  visiting  rooms,  a  committee  or  board  meeting  room,  ante  rooms  to  the  same. 

Receiving  Building. — -This  building  should  contain,  record  rooms,  16  X  24  ft.;  medical  examination  ro  I 
10  X  l-l  ft.;  detention  rooms  for  individuals,  10  X  14  ft.;  bathing  and  toilet  rooms;  kitchen  or  serving  room,  ■ 
18  ft.;  and  matron's  suite.     The  building  will  require  barred  windows  and  locked  doors. 

The  maternity  building  though  small  will  be  like  other  maternity  hospitals. 

The  cottages  should  be  not  over  two  stories  nigh,  for  groups  of  not  more  than  30  persons  in  single  or  dc 
rooms.     Provisions  against  escape  are  generally  necessary  on  windows  and  doors. 

Industrial  Building. — While  a  number  of  the  inmates  may  be  engaged  in  housework  or  the  kitchen,  a  wor 
building  may  be  desirable  in  large  institutions.  The  principal  industries  would  be  sewing,  preserving,  drying 
other  light  work. 

The  refectory  and  assembly  hall  will  contain  the  kitchen  and  storage  rooms,  etc.  Its  size  wiU  be  controlle 
the  expected  occupation  on  the  basis  of  20  ft.  per  person  in  the  dining  room.  The  kitchen  and  dining  room  sb 
be  wholly  above  ground.     The  assembly  hall  will  require  at  least  8  sq.  ft.  per  person. 

The  Superintendent's  Residence. — The  house  should  be  isolated  from  the  other  buildings  and  have  its 
enclosure  so  that  the  family  will  not  be  intruded  upon  by  the  inmates.     It  should  have  about  eight  rooms. 

The  employees'  cottages  will  be  smaller,  five  or  six  rooms  being  sufficient,  each  with  its  own  enclosure,  oi 
buildings  may  be  in  a  group  enclosure  outside  the  area  accessible  to  inmates. 

Central  Heating  Plant. — The  necessities  for  the  production  of  heat,  light  and  power  will  determine  the  size  I 
location  of  the  plant.  In  severe  climates  the  use  of  exhaust  steam  for  heating  has  resulted  in  great  econor 
Ample  coal  storage  space  is  imperative.  The  building  should  be  capable  of  enlargement  without  difficulty  bot 
to  heating  and  power  equipment. 

Minor  Buildings. — Small  dairy  barns,  sheds,  silos,  swine  pens  and  poultry  houses  are  needed  in  the  ordii 
case. 

Enclosures. — Some  institutions  have  no  enclosing  fences.  While  this  may  be  practicable  in  certain  locati' 
a  low  wall  or  a  fence  that  cannot  be  scaled  is  preferable  for  many  reasons  aside  from  prevention  of  escape. 

2Qg.  Reformatories  and  Penitentiaries. — No  essential  difference  obtains 
between  these  types  of  institutions.  There  will  be  an  administration  building,  cell  buildir 
dining  and  kitchen  building,  central  heating  and  power  station,  school,  various  shops,  st 
houses,  barns,  a  hospital  and  a  women's  building.  The  buildings  will  be  surrounded  by  a  \ 
from  15  to  35  ft.  high,  having  a  main  entrance  with  guard  houses;  gates  for  wagons  and  railv 
cars.  All  buildings  will  be  fireproof.  For  an  institution  of  this  kind  a  plot  of  ground  1000 
square  will  suffice,  a'though  larger  areas  are  not  unusual.  A  portion  of  the  ground  is  used 
gardens,  etc. 
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Thr  administration  building  will  contain  the  offices  of  the  warden,  receiving  and  recording  rooms  and  other 
H  ss  offices,  committee  and  board  rooms,  officers'  dining  rooms,  living  rooms  for  minor  officials,  barber  shop  and 
rn(ims,  school  rooms  and  an  auditorium  or  assembly  hall  sufficient  for  the  entire  number  of  inmates  at  8  sq. 
f  I-  inmate  in  large  rooms. 

(  .  II  blocks  are  composed  of  individual  cells  of  standard  size,  5  X  7  X  7  ft.  high,  arranged  in  three  or  four  stories, 

ructed  of  reinforced  concrete  or  of  brick  with  concrete  floors.     The  block  is  double  faced,  with  a  utility  corridor 

i    1'  2  ft.  wide  between.     About  the  cell  block  on  both  sides  and  ends  there  will  be  a  corridor  about  14  ft.  wide 

nient  for  pipes  will  extend  over  the  whole  area.     The  upper  tiers  of  cells  will  be  reached  by  iron  stairs  leading 

iiies  along  the  fronts.     Stairs  and  balconies  are  of  iron  work  or  concrete,  or  may  be  paved  with  terrazzo. 

ling  and  roof  over  the  building  will  be  of  concrete.     The  masonry  walls,  about  3  ft.  thick,  will  contain  large 

.  s  extending  from  about  5  ft.  above  the  floor  to  the  top  of  the  upper  cell  openings,  or  sufficiently  to  give  ex- 

II I  light  to  all  parts.     The  window  sash  are  opened   by  multiple   operators.     The  steel  cell  fronts  are  held  in 

by  bolts  extending  through  to  the  utility  corridor.     The  locking  device  is  such  that  all  cells  in  a  tier  may  be 

I  tiy  throwing  a  lever  at  the  end  of  the  block.     At  the  same  time  any  cell  may  be  separately  locked  or  un- 

Each  cell  contains  a  prison  water  closet,  combined  wash  bowl  and  bubble  fountain,  electric  light  and  fold- 

L  cot  with  mattress.     The  lighting  service  will  be  switched  so  that  the  entire  control,  divided  into  several 

MS,  for  the  cells,  corridors,  etc.,  will  be  on  the  main  floor.     The  system  of  water  supply  and  waste,  ventilation 

L-hting  will  be  exposed  in  the  utility  corridor.     Blast  and  exhaust  fans  are  required  for  ventilation.     The  heat- 

iresh  air  is  supplemented  by  direct  radiation.     Each  cell  has  a  separate  vent.     In  some  cell  buildings  the 

ly  is  plastered;  in  others,  faced  with  pressed  brick.     The  exit  from  the  cell  room  will  be  at  the  griU  leading 

irridor  between  cell  buildings.     An  emergency  door  is  placed  on  one  side  of  the  wing. 

•  iplinary  Cells. — Provision  should  be  made  for  disciplinary  confinement  either  in  a  small  wing  or  separate  • 
L'.     The  detail  will  be  the  same  as  in  the  regular  cell  house. 

'<pital  Cells. — The  prison  hospital  differs  from  the  ordinary  only  in  the  use  of  the  "cell  front"  on  the  hos- 

.ms.     Examination  rooms,  a  dispensary  and  dentists'  office  are  required.     There  should  be  a  number  of 

■  prisoners  suspected  of  insanity.     A  sun  porch  for  tubercular  patients  should  be  of  iron  and  glass.     The 

lUst  be  equal  to  the  regular  cell  in  security. 

W  liile   the  standard  cell  house  is  employed  in  most  prisons,  it  is  not  universal.     The  cells  of  the  prison  at 

I  ill,    Canada,   are   arranged   along   the   outside    walls    with   a   central  corridor.     At  Joliet,   Illinois,  the  cell 

is   circular  with  cells  along  the  outside.     A  central  watch  tower  enables  a  guard  to  look  directly  into  each 

which   may  be  closed  on  the  front  by  steel  and  glass  to  secure  privacy  to  the  prisoner  from  all  persons  but 

.li  .uard. 

.  iThe  Diniyig  Hall. — A  large  hall  connected  witn  the  kitchen.     The  tables  are  arranged  in  rows,  the  prisoners 

aig  forward.     About  15  sq.  ft.  per  man  is  allowed  including  aisles.     In  some  institutions  tables  are  set  in  the 

y  way  with  men  all  around,  allowing  20  sq.  ft.  per  man.     The  halls  accommodate  800  to  1000  persons  and 

hout  posts.     A  music  platform  is  a 

•  if  some  dining  halls. 
irhen  and  pantry  arrangements  are 
to  what  is  usual  in  hotels.     Storage 
ior  meats,  milk,  etc.,  are  provided 

'  tificial  refrigeration. 
Viie  heatirig  and  power  station  will  be 
ur^hed  with  equipment  adequate  for 
p:  .s  to  be  heated,  and  the  lighting  and 
10  r  required  for  the  institution.  The 
■on  will  be  done  by  exhaust  steam  in 
The  power  equipment  will  depend 
he  size  of  the  shops  and  the  de- 
tor  power  to  open  and  close  gates, 
ars,  etc.,  on  the  grounds.  A  chim- 
t  a  capacity  considerably  in  excess  of 
■iltT  power  first  installed  should  be 
1  and  the  power  house  and  coal  storage  arranged  to  permit  future  extensions  without  disturbance  to  pre- 
I'luipment. 

hi'  number  of  immigrants  from  other  countries,  as  well  as  native  illiteracy,  makes  a  school  necessary,  especially 
rmatories   for  young  men.     The  school  will  be  for  instruction  in  reading,  writing,  English  language  and 
ill  tic.     Standard  class  rooms  about  23  X  32  ft.   with  full  lighting,  ventilation  and  regular  equipment  are 
'l"(d.     The  furniture  should  be  adapted  to  the  use  of  grown  men. 
iarns,  shops  and  storehouses  should  be  designed  on  modern  lines. 

"he  women 's  prison  or  ward  is  composed  of  separate  rooms,  about  8X10  ft.  with  doors  of  metal,  barred  on 

P]   portions,  and  windows  in  outside  walls.     The  plumbing  and  ventilation  will  be  similar  to  what  is  installed 

ordinary  cell  buildings.     The  rooms  will  be  furnished  with  beds.     A  separate  kitchen,  dining  room  and  stor- 

II try  with  refrigeration  is  necessary  and  hospital  cells  isolated  and  sound  proof,  a  physician's  office,  a  small 

i-ary,  social  rooms,  a  visitor's  reception  room  and  small  visiting  rooms.     Also  a  suite  for  the  matron  and  staff. 

'n-tiin  Walls. — The  enclosing  walls  of  a  prison  are  of  masonry  or  concrete,  from  15  to  35  ft.  high.     The  most 

'  on  height  is  22  ft.      No  wall  will  prevent  escape  unless  guarded,  so  that  excessive  height  is  quite  useless.     A 

'"  LT  of  wall  heights  are  as  follows: 
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Fig.  13.— Typical  ceU  block. 


750  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec.  4- 

Thomaston,  Maine;  Alcatraz,  Calif.  (U.  S.) 1.5  ft. 

Elmira,  N.  Y.;  Windsor,  Vt.;  Boise,  Idaho;  Ionia,  Mich.;  McAlester,  Okla 16  ft. 

San  Quentin,  Calif.;  Rawlins,  Wyo 17  ft. 

Granite,  Okla.;  Sante  Fe,  N.  M.;  Weatherfield,  Conn.;  Salem,  Oregon 18  ft. 

Sioux  Falls,  S.  D.;  Deer  Lodge,  Mont.;  Folsom,  Calif.;  Salt  Lake  City,  Utah;  Trenton,  X.  J.  20  ft. 

Ossining,  N.  Y 21  ft. 

Concord,  Mass.;  Hutchinson,  Kan.;  Charleston,  Mass.;  Jackson,  Mich.;  St.  Cloud,  Minn.; 

Waupun,  Green  Bay,  Wis 22  ft. 

Philadelphia,  Pa. ;  Jeffersonville,  Ind 35  ft. 

The  desirable  features  of  a  first-rate  wall  are  depth  in  the  ground,  not  less  than  G  ft.,  smoothness  and 
absence  of  projecting  parts,  or  buttresses.  Nothing  should  be  attached  to  the  walls,  such  as  lighting  fixtures,  w: 
etc.,  which  would  serve  as  holding  places  for  a  rope  by  which  a  prisoner  might  attempt  escape.  The  top  shi 
be  rounded.  In  some  examples,  the  top  is  formed  with  a  projecting  roll  on  the  inside.  In  the  design  of  i 
walls,  wind  pressure  must  be  taken  into  account.  A  wall  22  ft.  high  will  need  to  be  about  3  ft.  thick  at  the  hot 
and  13-2  ft.  thick  at  the  top,  in  an  exposed  location,  to  resist  overturning  under  the  force  of  a  heavy  wind, 
prison  at  Rahway,  N.  J.,  has  a  reinforced  concrete  wall,  quite  thin,  with  buttresses  on  the  outside. 

Guardhouses. — These  may  be  of  steel  and  concrete,  or  of  timber  work  and  should  be  large  enough  to  shi 
the  guard  in  severe  weather.  The  windows  should  extend  to  the  floor.  From  the  guard  house  a  walk,  2  ft.  wid 
about  30  ft.  in  each  direction  is  desirable.  The  walk  may  be  on  top  the  wall  or  along  the  outside,  witn  a  railing 
safety.  The  guard  house  requires  a  stove  or  other  heater  and  a  toilet.  The  approach  to  the  guardhouse  shoul 
from  the  outside  of  the  prison  yard  or  by  a  steel  door  on  the  inside.  From  this  a  ladder  or  spiral  stair  leads  tc 
top. 

Wagon  Gates. — The  gates  from  the  prison  yard  wiU  be  double.     The  first  gate  opens  into  a  walled  enclosiu 
contain  a  wagon  and  team  and  the  second  to  the  outside.     They  may  be  formed  to  swing,  slide  or  lift.     The 
should  be  the  full  height  of  the  wall  or  the  wall  should  be  carried  over,  as  high  as  at  other  points.     The  gates  sh  1 
be  smooth,  formed  with  solid  surfaces  without  gratings  or  catch  points  for  climbing  upon,  and  strong  enoug  d 
resist  forcing. 

Railway  enclosures  will  be  of  sufficient  size  to  contain  three  or  four  railway  cars.  The  rules  of  the  ra; 
companies  as  to  clearance  will  determine  the  width.  The  clear  height  of  these  gates  does  not  usually  conform  t 
26  or  28  ft.  of  head  room  demanded  by  the  railway  company,  but  so  far  as  practicable  should  do  so.  The  size  n 
the  gates  difficult  to  operate  by  hand.  A  system  of  gears  and  cranks  will  diminish  the  difficulty  but  power  is  c 
able.  The  custom  of  delivering  cars  only  into  the  gate  enclosure  makes  a  yard  engine  or  a  cable  hauling  sy  u 
necessary  for  moving  cars  to  the  heating  plant,  storehouse  and  shops. 

Yard  Lighting. — The  enclosing  walls  are  usually  illuminated  at  night.  The  best  form  of  yard  lighting 
flood  lighting  or  by  lamp  posts  set  10  to  12  ft.  from  the  walls  and  furnished  with  reflectors  to  throw  the  light 
it.  The  wiring  should  be  underground  and  the  control  switches  located  conveniently  to  the  official  in  char 
lighting.  Other  parts  of  the  prison  yards,  all  walks,  drives,  entrances,  etc.,  may  be  lighted  in  the  same  way 
some  places  lights  may  be  attached  to  buildings.  The  approaches  and  the  front  portions  of  the  prison  gro 
should  be  lighted  adequately  for  good  appearance. 

Water  Supply  and  Sanitation. — This  type  of  institution  is  usually  located  away  from  large  towns  and  p  c 
systems  of  water  supply  and  waste,  electric  current  supply  so  that  these  utilities  must  be  provided  independe   '. 

Prison  Camps. — It  is  the  practice  to  send  prisoners  from  penitentiaries  to  places  within  the  state  to  be  i- 
ployed  in  grading,  ditching  and  farming.  The  buildings  required  for  this  are:  a  headquarters  building  20  X  i  t- 
for  the  guards  and  superintendents,  a  bunk  house  with  85  sq.  ft.  per  person,  refectory  and  store  house.  The  b  I- 
ings  will  be  of  frame,  very  simple  in  construction.  A  camp  on  a  prison  farm  would  be  more  permanent  and  b  t 
constructed.  Most  of  the  work  of  construction  would  be  done  by  the  prisoners  who  may  be  quartered  in  tent  * 
a  time. 

26/j.  Insane  Asylums  and  Homes  for  Feeble-minded  and  Epileptics. — In  the  older  institu  s 
of  the  United  States  the  various  classes  of  patients  are  placed  in  one  large  building.  This  is  objectionable  n 
many  standpoints.  Separate  cottages  are  superior  to  large  buildings.  Greater  attention  to  fire  prevention  d 
provision  against  accident  is  necessary  than  with  institutions  sheltering  persons  of  normal  mentality.  No  b  l- 
ings  of  inflammable  nature  should  be  occupied  by  insane  persons  even  in  small  groups.  Where  both  sexe;  "• 
admitted,  segregation  must  be  carried  to  completion.  Persons  of  defective  mentality  and  all  who  are  affli  d 
with  insanity  require  hospital  conditions  in  the  buildings  they  occupy.  The  portions  of  these  buildings  dev  '^ 
to  violent  wards  require  protection  about  windows  and  doors,  stairways,  etc. 

The  list  of  principal  buildings  for  industrial  homes  will  apply  to  these  institutions.  The  ordinary  cott 
so  called,  will  be  as  follows: 

Class  1:  For  persons  slightly  affected;  for  voluntary  patients. 
Class  2:  For  severe  cases;  for  cripples  and  bed-ridden. 

Class  1. — Furnished  with  day  rooms,  for  the  entire  group  on  each  floor,  dormitory  rooms,  single  or  mul 
linen  and  supply  closets,  attendants'  rooms,  toilets  and  bath.  Voluntary  patients  are  housed  separately 
others. 

Class  2. — Similar  to  Class  1,  but  having  a  dining  room  and  kitchen,  diet  kitchen.  Latrines  are  substituti 
ordinary  closets.      Cripples  and  bed-ridden  patients  are  housed  separately  from  severe  cases. 

Farm  Colonies. — Certain  groups  of  feeble-minded  and  epileptics  are  capable  of  working  and  may  be  formed 
farm  colonies.  The  colonies  should  be  close  to  the  main  institution  so  that  medical  supervision  is  not  lost  sij:: 
by  reason  of  the  inconvenience  to  the  attending  physicians. 
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.Separate  houses  for  the  director  and  certain  officials  are  necessary.  An  insane  asylum  or  feeble-minded  home 
i;u  undesirable  place  to  bring  up  a  family  of  children. 

27.  Charitable  Purpose  Buildings. 

27o.  Homes  for  Dependent  Children. — Inmates  of  this  type  will  include  infants, 
cldren  and  youths.  The  normal  children  are  quite  commonly  adopted  into  families,  and 
d actives  as  they  approach  maturity  are  placed  in  institutions  for  epileptics,  feeble-minded, 
t)ercular  or  insane.  The  inmates  are  formed  into  small  groups  according  to  their  degree  of 
nntality;  segregation  is  necessary.  Primary  education  is  afforded  for  those  able  to  learn. 
Te  work  of  the  hospital  is  to  secure  nutrition  and  growth,  and  to  cure  such  defects  as  club  foot, 
6  iial  deformity,  tuberculous  joints  and  the  like.  Hospital  conditions  are  necessary,  and  the 
s.  16  types  of  buildings,  on  a  smaller  scale,  as  for  other  custodial  institutions. 

276.  Poorhouses,  Homes  for  the  Aged  and  Infirm. — In  the  first  of  these  institu- 
tis  a  certain  number  of  inmates  will  be  of  defective  mentality.  For  them  a  separate  building 
B/uld  be  provided  where  custodial  care  may  be  maintained.  The  other  buildings  will  be  simi- 
h  to  family  hotels  with  single  and  double  rooms,  social  and  dining  rooms,  etc.  An  as.sembly 
Via.  is  provided  for  amusements  and  for  religious  services,  where  a  separate  chapel  is  not  built. 
fl3  cottage  system  is  most  advantageous  for  these  institutions,  with  an  administration  building 
c  taining  the  offices  and  other  public  rooms,  dining  rooms,  etc.  The  cottages  may  contain 
4  'ooms  as  a  maximum.  Aged  couples  capable  of  maintaining  good  conditions  may  be  assigned 
r  ms  together.     Otherwise  sex  separation  is  practiced. 

27c.  Veterans'  Homes. — This  type  of  institution  follows  the  general  scheme  of 
h  aes  for  the  aged  and  infirm.  The  desirable  arrangement  would  comprise  an  administration 
b  Iding,  central  heating  and  power  plant,  large  and  small  cottages.  The  small  cottages  will  be 
oupied  by  married  couples  and  persons  desiring  to  be  independent.  The  larger  will  accom- 
odate such  as  require  continuous  care. 

27d.  Schools  for  the  Deaf  and  Blind. — This  form  of  education  requires  intimate 
psonal  instruction  and  care.  The  institutions  provide  housing,  hospital  care  and  recreation 
ffilities,  as  well  as  teaching,  and  are  commonly  under  boards  of  control  or  charities.  The 
hidings  will  be  similar  to  those  for  able-bodied  defectives  except  for  special  arrangements  to 
KBt  the  peculiar  limitations  of  the  pupils.  For  schools  for  the  deaf  it  will  be  necessary  to 
ii;all  sight  signals  and  for  the  blind,  those  based  on  sound.  Class  rooms  will  be  about  half  the 
stidard  size.  Classes  of  mutes  number  from  four  to  twelve.  For  the  bhnd  the  classes  are 
aiut  the  same  for  most  work.  The  younger  pupils  will  be  provided  with  open  dormitories. 
1}  older  ones  should  have  individual  or  double  rooms.  Segregation  is,  of  course,  necessary 
Oiside  the  class  rooms  and  dining  halls.  Vocational  instruction  is  usually  given.  Shop  build- 
irs  are  necessary  with  manual  training  benches,  etc.  Among  the  persons  attending  these 
sools  a  certain  percent  will  be  of  defective  mentahty,  but  as  these  are  gradually  removed  to 
ojer  institutions,  no  special  provision  is  made  for  them.  As  in  other  institutions  the  system  of 
siuU  units  about  a  main  building  is  superior  to  large  structures.  In  some  examples  the  build- 
irj  are  formed  into  quadrangles  enclosing  recreation  spaces.  Blind  schools  offer  instruction 
iiQusic  and  will  require  organ  space  in  the  assembly  hall.  Special  provision  against  accident 
is  ecessary,  such  as  raiUngs  about  points  of  danger. 

28.  Hospital  Purpose  Buildings. 

28a.  General  Hospitals. — These  are  usually  large  buildings  in  which  the  separa- 
tii  or  isolation  of  parts  is  brought  about  by  wings  or  closed  bridges.  Between  different  wings 
gl;ed  doors  or  fireproof  doors  are  used  for  isolation.  The  usual  divisions  arc:  medical  wards, 
3i;ical  wards,  obstetrical  wards,  children's  wards. 

The  administration  portion  will  contain  the  general  office,  waiting  rooms,  examination  rooms,  physicians' 
of  38,  matron's  suite,  the  general  kitchen  and  dining  rooms  for  patients,  officers  and  help  (see  Art.  22/).  The  ward 
spes  will  be  divided  into  single  rooms,  small  and  large  wards.  In  each  ward,  a  utensil  room,  linen  room,  locker 
roi  with  individual  lockers  for  each  patient,  diet  kitchens,  general  and  private  toilets.  A  laundry  for  patients 
*Bft  separate  laundry  for  attendants.  The  minimum  single  room  should  be  10  X  14  ft.,  double  room  14  X  14  ft. 
Mitwards  85  sq.  ft.  per  person  including  aisles.  Lighting,  heating  and  ventilation  should  be:  one  foot  of  glass  to 
813 f  floor  space;  70  deg.  temperature,  humidified  if  possible;  1800  cu.  ft.  of  fresh  air  per  person  per  hour.     Hot 
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water  heat  is  decidedly  preferable,  on  account  of  excellent  control.  Local  humidifiers  are  capable  of  maintain 
desired  conditions.  Special  electric  signal  systems  for  nurses  are  provided.  Live  steam  at  30-lb.  pressure  is  Ui 
for  sterilization  and  the  kitchen  requirements.  For  this  service  a  small  boiler  is  desirable.  A  large  general  sterili 
in  the  basement  is  used  for  mattresses,  clothes,  etc.,  smaller  ones  in  each  utensil  room  and  a  special  sterilizer 
bandages  and  instruments  in  operating  rooms.  The  corridors,  utensil  rooms,  operating  rooms  and  toilets  sho 
be  capable  of  extreme  sterilization  and  cleaning.  Patients'  rooms,  if  brought  to  the  same  condition,  are  apt  to 
depressing.     No  materials  should  be  employed,  however,  that  would  be  damaged  by  ordinary  cleaning. 

The  elevators  and  the  doors  to  them  should  be  of  a  capacity  to  pass  a  full  size  cot.  Push  button  contto 
necessary  where  a  regular  elevator  man  is  not  employed.  The  elevator  should  be  convenient  to  the  ambulai 
entrance  on  the  ground  level.     It  should  not  be  immediately  adjacent  to  patients'  rooms. 

Laboratories,  Operating  Rooms,  Etc. — It  is  customary  to  provide  one  or  more  laboratory  rooms.  X-ray  roo) 
baking  rooms  and  for  other  special  service.  These  may  be  in  the  basement.  The  operating  room  should  be  : 
less  than  300  ft.  area,  to  contain  the  necessary  fixtures  and  should  be  very  well  lighted,  with  top  lighting  subject 
control.  The  tetherizing  room  may  be  adjacent  or  where  most  convenient.  Tnis  will  be  somewhat  less  in  a 
than  the  operating  room. 

Soundproof  Rooms. — The  obstetric  ward  should  be  divided  by  soundproof  walls  and  partitions  and  should  hi 
soundproof  doors.      Otherwise  the  rooms  and  wards  are  not  different  from  ordinary. 

Sunporches  enclosed  with  glass  for  convalescents  are  desirable  especially  in  severe  climates.  They  sho 
be  provided  with  ample  venting  panels. 

Screens  and  Weatherstrips. — All  parts  of  hospitals  and  sanitariums  of  every  sort  should  be  screened  on  windc 
and  doors.      Metal  weather  strips  are  necessary  to  prevent  drafts. 

Nurses'  Dormitories. — Separate  buildings  for  nurses  and  attendants  are  necessary  in  order  to  maintain  » 
ciency,  and  prevent  infection.  One  or  more  social  rooms  are  necessary  and  single  and  double  sleeping  rooms  » 
general  toilets  and  baths.  The  room  sizes  will  be  similar  to  those  in  wards.  The  basement  spaces  should  not 
used  for  sleeping  rooms. 

286.  Hospitals  for  the  Treatment  of  Tuberculosis. — The  same  ad\'ice  as  to  i 
location  of  other  public  institutions  will  apply  to  sanitarium  for  tuberculosis  with  the  addition 
precaution  that  quiet  and  freedom  from  dust  is  necessary  to  successful  treatment. 

Grounds. — Ample  ground  should  be  provided,  shielded  from  the  north  and  west  but  open  to  the  sunshine  fr 
other  points  of  the  compass. 
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Fig.  14. — Typical  sanitarium. 

Buildings. — The  plan  arrangement  in  tuberculosis  sanitariums  will  differ  from  other  hospitals  in  that  ezpoe 
to  the  outside  air  and  sunshine  is  essential  to  cure.  For  this  reason  large  window  spaces  and  ample  porches  are 
quired.  Rooms  facing  to  the  north  or  otherwise  deprived  of  sunshine  are  not  suited  for  the  work.  Such  spa 
should  be  assigned  to  corridors,  toilet  and  bath  rooms  and  other  utilities. 

Rooms  and  Wards. — Patients'  rooms  should  be  exposed  to  sunshine  and  protected  from  the  north  wind. 
room  7  ft.  wide  by  13  ft.  long  is  a  minimum.  Ceiling  heights  above  10  ft.  are  not  necessary.  A  French  window 
tending  to  the  floor,  and  not  less  than  4>2  ft.  wide  should  be  provided,  so  that  the  cot  may  be  moved  out  upon 
porch.  Such  windows  can  be  made  weather  tight  by  the  use  of  metal  strips.  Double  rooms  should  be  10  X  12 
and  the  adjacent  porch  space  should  be  10  X  12  ft.  in  size. 

Porches. — All  porches  should  be  covered  and  screened  and  provided  with  sliding  curtains  of  canvas  to  pwt 
against  rain.     Large  wards  should  be  divided  by  screens  into  alcoves  where  practicable.     In  the  same  waji 
spaces  on  porches  may  be  broken  up  so  that  the  long  row  of  hospital  beds  will  not  be  visible  to  all  patients.    1 
screens  should  be  held  up  from  the  floor  about  a  foot  and  extend  to  6  ft.  in  height. 

Administration. — The  administration  spaces  will  be  similar  to  those  at  other  hospitals.  The  laundry  tkoi 
be  equipped  with  a  sterilizer,  and  none  but  patients'  clothes  should  be  treated  in  tlie  general  laundry. 
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Residences  and  Cottages. — Institutions  for  tubercular  patients  should  provide  houses  for  the  superintendent - 
:  1  the  employees,  and  a  separate  building  for  nurses  and  attendants. 

Convalescent  Camps. — Tubercular  patients  may  be  sent  to  a  convalescent  camp  for  final  treatment.  Such 
,  lips  should  be  situated  in  places  where  food  supply,  fuel,  sewage  disposal  and  medical  care  can  be  readily  obtained. 
•y  simple  cottages,  a  dining  hall  and  worli  shop  are  required.  The  best  location  will  be  in  the  neighborhood  of 
1   regular  sanitarium,  where  the  same  physicians  can  oversee  the  progress  of  the  inmates. 

29.  Institutions  Isolated  from  Towns 
.  d  Cities. — Public  institutions  are  not 
vays  located  where  advantage  can  be 
ken  of  the  protection  and  the  conveniences 
I  a  city.  In  this  case  everything  included 
ider  the  head  of  public  utilities  must  be 
ovided  by  the  institutions  themselves. 
le  fundamental  necessities  are  transpor- 
tion,  water,  drainage,  heat,  light,  en- 
)sure,  fire  protection  and  police  service, 
■sides  these  are  such  elements  as  soil  qual- 
es,  climate,  exposure,  safety  from  the 
ilence  of  nature.     Subordinate  provisions 

_^  for  storage,  refrigeration,  industries  and  amusements.  All  such  general  provisions  are 
pessory  to  the  main  object  of  the  institution  which  may  be  disciplinary,  militarj^,  social 
igious  or  political. 
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Fig.  15. — Convalescent  open  cottage. 


Transportation  must  be  by  railway,  in  the  ordinary  case.  To  attempt  to  maintain  communication  by  wagon 
ids  is  expensive  and  hazardous  in  a  severe  climate.  Where  possible  to  obtain  it,  a  railway  side  track  will  save  from 
100  to  $10,000  per  year  for  a  large  institution. 

Water  supply  for  domestic  use  and  for  fire  protection  is  of  first  importance.  This  involves  drilling  a  deep  well, 
maintaining  a  storage  reservoir  from  unfailing  springs  or  making  use  of  some  large  body  of  water,  known  to  be 
e.     A  knowledge  of  the  geology  and  water  supply  of  the  neighborhood  is  therefore  imperative. 

Heat  and  Light. — The  first  building  for  an  isolated  institution  will  be  the  heat  and  power  station,  one  or  more 
its  of  which  should  be  ready  for  service  upon  completion  of  the  first  buildings.  The  heating  and  power  station 
;1  make  the  system  of  water  supply  available  and  may  be  necessary  for  pumping  the  effluent  of  the  septic  tanks. 

Drainage  is  second  only  to  water  supply.  The  clearing  of  the  ground  of  surface  water  and  the  disposal  of  waste 
ter  by  natural  means  is  fundamental.  Septic  tanks  for  the  treatment  of  sewage  are  necessary  to  avoid  pollution 
lakes  and  streams.  The  system  of  drains  should  be  determined  upon  as  soon  as  the  general  disposition  of  build- 
:!S  is  made. 

Enclosure  in  an  isolated  location  will  vary  from  the  farm  fence  to  the  masonry  wall  with  or  without  guards 
conditions  require. 

Fire  protection  depends  directly  on  the  power  plant  and  water  supply  for  efficiency.  The  most  effective  fire 
Jtecting  device  is  the  sprinkler  system  which  involves  the  construction  of  a  tower  and  tank  at  least  25  ft.  higher 
in  the  loftiest  building.  The  tank  may  be  of  50,000-gallons  capacity  supported  by  a  steel  frame  or  masonry 
■ver.  The  water  stored  in  the  tank  must  be  warmed  by  a  special  heater  in  winter.  Large  water  mains  are 
inded  to  various  points  with  fire  hydrants  at  intervals. 

Police  service,  from  the  single  watchman  in  the  best  locations  to  a  considerable  force,  in  exposed  places,  must 
taken  into  account.     Permanent  police  service  will  require  guard  houses,  etc. 

Soil  qualities  are  important  to  institutions  contemplating  self-support.  Soil  analysis  should  be  obtained  where 
ssible. 

Climate  and  exposure  will  effect  the  design  of  grounds  and  buildings,  especially  where  a  period  of  years  is 
pectod  to  intervene  before  completion.  In  this  case  the  first  buildings  should  be  grouped  in  such  a  way  as  to  be 
ivenient  in  operation  at  once,  leaving  future  development  to  work  into  the  scheme  in  an  orderly  manner. 

Storage  depends  upon  conditions,  but  will  concern  first  the  coal  supply  which  may  be  delivered  during  the 
nmer  season  and  must  be  conveniently  placed. 

Refrigeration  by  ice  or  mechanical  means  is  imperative  and  may  be  extensive.  Ice  storage  may  be  employed 
some  cases.     The  supply  storage  and  ice  storage  is  sometimes  combined. 

Industries  and  amusements  are  essential  to  many  isolated  institutions.  The  character  of  the  institution  will 
termine  the  types  of  buildings  to  be  erected  for  these  purposes. 

Future  Development. — In  any  institution  enlargement  should  be  anticipated.  While  a  natural  barrier  on  one 
more  sides  may  be  an  advantage,  there  should  be  always  a  practicable  outlet  by  which  future  growth  may  take 
i.ce  without  disproportionate  expense.     This  involves  a  general  study  of  the  lands  adjacent. 
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By  F.  R.  Watson 

Increased  attention  has  been  paid  in  late  years  to  the  acoustical  disturbances  in  buildin 
with  the  desire  on  the  part  of  architects  and  builders  to  avoid  these  defects  as  far  as  possib 
This  desire  has  led  to  scientific  investigations  of  the  subject  that  have  solved  some  fundament 
problems  and  given  formulas  and  data  for  guidance. 

Acoustical  disturbances  are  due  first,  to  the  sound  generated  within  a  room,  which  grv 
rise  to  echoes  and  reverberation;  and  second,  to  soimds  outside  that  are  transmitted  into  t 
room  through  walls,  ventilating  ducts,  and  other  paths,  and  cause  confusion.  The  sound  in 
room  may  be  controlled  by  the  proper  design  of  the  volume  and  shape  of  the  room  and  by  i. 
use  of  a  calculated  amount  of  absorbing  material,  while  the  extraneous  sounds  ma}^  be  minimizi 
by  properly  constructed  walls,  doors,  and  windows.  The  problem  may  therefore  be  consider 
in  a  two-fold  aspect:  the  acoustics  of  rooms  and  the  insulation  of  rooms. 

30.  Acoustics  of  Rooms. 

30o.  Action  of  Sound  in  a  Room. — When  a  sound  is  generated  in  a  room  it  pr 
ceeds  outward  from  the  source  at  the  rapid  rate  of  about  1200  ft.  per  sec.  and,  by  successi 
reflections  from  the  boinidaries,  very  quickly  fills  a  room  of  ordinary  dimensions.     Fig.  16  sho\ 


Fig.  16. — Pulse  of  sound  in  a  room  ^io  oi  a.  second 
after  leaving  the  source. 


Fig.  17. — The  same  pulse  J^o  of  a  second  later, 
showing  reflections  and  interferences. 


the  position  of  a  pulse  of  sound  in  a  room  60  X  40  ft.,  }^q  sec.  after  it  started  from  the  soure 
Fig.  17  gives  the  same  pulse  ^o  sec.  later  and  shows  the  increasing  reflections  and  interference 
The  imagination  readily  pictures  the  conditions  Ho  sec.  later  when  the  entire  volume  of  tl 
room  is  filled  with  sound  proceeding  in  every  direction.  The  width  of  the  sound  pulse  shoul 
be  much  wider  than  shown  if  it  is  to  represent  actual  conditions,  because  speech  sounds  taik 
at  least  Jfo  sec.  for  their  generation  ^  and  musical  soimds  are  frequently  prolonged  a  second  c 
more.  In  the  meantime,  the  energy  of  the  pulse  is  diminished  at  each  reflection  by  the  absorj 
tion  of  a  fraction  of  the  incident  sound,  so  that  it  is  used  up  after  a  number  of  reflections,  depeno 
ing  on  the  absorbing  efficiency  of  the  surfaces  it  strikes. 

306.  Conditions  for  Perfect  Acoustics. — Perfect  acoustical  conditions  for  hearin 
require  that  the  sound  shall  rise  to  a  satisfactory  intensity  which  shall  be  equal  in  every  par 
of  the  room,  with  no  echoes  or  distortion  of  the  original  sound,  and  that  it  shall  then  die  outi 
a  suitably  short  time  so  as  not  to  interfere  with  the  succeeding  sounds.  Unfortunately,  thes 
ideal  conditions  are  not  fulfilled  in  rooms.  The  reflections  of  sound  give  rise  to  distortions  an« 
unequal  intensities  in  different  parts  of  the  room  and,  except  for  special  cases,  it  is  impossible  t« 
secure  simultaneously  a  .suitable  intensity  and  a  proper  time  of  reverberation.  It  will  be  shown 
however,  that  while  the  ideal  is  rarely  found,  satisfactory  acoustics  may  be  obtained  for  audi 
toriums  of  usual  shape  and  size. 

30c.  Formula  for  Intensity  and  Reverberation.^ — Reasoning  in  the  manner  jus"? 
described,  Sabine ^  developed  an  equation  for  the  reverberation  in  a  room,  a  simplified  forn 

1  Scripture,  "The  Study  of  Speech  curves,"  Carnesie  Institution  Publication,  190G. 

2  American  .Vrchitcct,  1919. 
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( which  for  practical  use  is  given  in  a  succeofling  paragraph.  Later,  Jjiger/  using  a  different 
I  istant,  deduced  the  formula  in  a  somewhat  different  form  and  discussed  its  applications  to 
:  auditorium.  Thus,  he  developed  the  formula:  E  =  EoC'""-',  where  E  is  the  intensity  of  the 
•  iiul  per  unit  volume  t  seconds  after  the  initial  intensity  Eu  has  been  built  up,  n  being  the 
1  mber  of  reflections  that  have  taken  place,  and  a  the  fraction  of  the  energy  absorbed  at  each 
1  lection.      More  completely,  the  formula  may  be  written: 

E   =~     e-av8</4PF 
avs 

\  CMC  the  initial  intensity,  Eo  —  4iA/avs,  is  seen  to  depend  on  A,  the  energy  given  out  by  the 

firce  in  one  second;  i',  the  velocity  of  sound;  s,  the  area  of  all  surfaces  exposed  to  the  action 

c  the  sound;  and  a,  the  average  sound-absorbing  coefficient  of  these  surfaces.     Inspection  of 

t'  relation  shows  that  the  intensity  may  be  increased  by  making  the  source  of  sound,  A,  more 

i  euse;  also,  for  a  given  A,  the  intensity  may  be  reduced  by  increasing  the  absorption,  as. 

The  decadence  of  the  sound  is  given  by  the  factor:  e-"fs'/4l^.     The  time  of  reverberation, 

ts  increased  by  increasing  the  volume,  W,  of  the  room,  so  that  large  rooms  may  be  expected 

t  have  excessive  reverberation.     A  decrease  in  t  may  be  brought  about  by  increasing  the 

Horbing  pow"er,  as,  and  thus  improve  the  reverberation,  but  this  procedure  cannot  be  carried 

1»  far  because  an  increase  in  the  absorption  decreases  the  initial  intensity,  as  shown  previously. 

'  e  conclusion  is  drawn  that  only  in  special  cases  can  both  suitable  intensity  and  time  of 

1  erberation  be  obtained  for  the  same  conditions  in  an  auditorium. 

30d.  Correction  of  Faulty  Acoustics. — The  practical  solution  of  the  problem  of 

(  recting  faulty  acoustics,  has  been  made  by  Sabine^  whose  scientific  work  has  established  the 

lidamental  facts  of  the  subject.     Assuming  a  sound  of  average  intensity,  he  developed  the 

nple  formula:  t  =  kW/as,  where  t  is  the  time  of  reverberation;  W,  the  volume  of  the  room; 

I   the  absorbing  power  of  all  the  interior  surfaces;  and  k,  a  constant,  depending  on  the  units 

i;d,  being  equal  to  0.164  when  W  is  measured  in  cubic  meters  and  8  is  taken  in  square  meters. 

'ic  term  as  is  the  sum  of  all  the  various  absorbing  agencies  in  the  room  and  may  be  expressed 

as  =  CiSi  +  a2S2  +  0383  + 

Tiere  Si  may  be  taken  as  the  area  of  all  the  plaster  surfaces,  and  Oi  as  the  absorbing  coefficient 
(unit  area  of  plaster  surface;  S2  the  area  of  all  the  wooden  surfaces  and  02  the  corresponding 
isorbing  coefficient,  etc.,  until  all  the  absorbing  surfaces  are  included. 

In  a  series  of  investigations  lasting  several  years,  Sabine  determined  the  absorbing  coefficients  of  the  various 
1  terials  commonly  used  in  building  construction.  His  values  are  as  follows,  assuming  that  unit  area  of  open 
iidow  space  has  perfect  absorbing  power  and  that  its  coefficient  is  taken  as  unity: 

Table  1. — Sound  Absorbing  Coefficients 

Material  Coefficient 

Wood  sheathing,  (hard  pine) .• 0.061 

Plaster  on  wood  lath .^^^xs.^ 0 .  034 

Plaster  on  wire  lath 0 .  033 

Plaster  on  tile 0 .  025 

Glass 0 .  027 

Brick  set  in  Portland  cement 0 .  025 

Audience 0 .  96 

Oil  paintings,  (inclusive  of  frames) 0.  28 

House  plants,  per  cubic  meter 0.11 

Carpet  rugs 0 .  20 

Oriental  rugs,  extra  heavy 0,  29 

Cheese  cloth 0.019 

Cretonne  cloth 0.15 

Shelia  curtains 0 .  23 

Hair  felt,  2.5  cm.  thick,  8  cm.  from  wall 0.78 

Cork  2.5  cm.  thick  loose  on  floor 0. 16 

Linoleum,  loose  on  floor 0.  12 

'"Zur  Theorie  des  Nachhalls."  Sitzungsberichte  der  Kais.  Akad.  der  Wissensch,  in  Wien,  Math-Naturw. 
lisse;  Bd.  CXX.  Abt.  2a,  Mai,  1911. 

-  "Architectural  -Acoustics."      A  series  of  papers  in  the  American  Architect,  1900,  and  later  papers. 
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Material  Coefficient 

Audience,  per  person 0  44 

Isolated  man 0  48 

Isolated  woman 0  54 

Plain  ash  settees,  each 0  039 

Plain  ash  settees,  per  seat. 0  0077 

Plain  ash  chairs,  "bent  wood" 0  0082 

Upholstered  settees,  hair  and  leather,  each 1.10 

Upholstered  settees,  per  single  seat 0  28 

Upholstered  chairs  similar  in  style,  each 0. 30 

Hair  cushions,  per  seat 0  21 

Elastic  felt  cushions,  per  seat 0 .  20 

It  should  be  noted  that  plaster,  wood,  and  glass,  the  materials  that  usually  form  the  interior  surfaces  of  au 
toriums,  have  small  absorbing  power,  thus  accounting  for  the  faulty  reverberation  found  in  any  large  auditorii 
Hair  felt,  on  the  other  hand,  which  is  used  extensively  for  acoustical  correction,  has  a  large  coefficient.  To 
efficient  as  acoustical  correctives,  materials  should  have  a  coefficient  of  at  least  0.10.  When  judged  by  this  sta: 
ard,  any  type  of  plaster  wall  in  common  use  is  seen  to  be  practically  useless  as  an  absorber.  The  desirable  qualii 
in  an  absorber  are  porosity  and  compressibility.  The  energy  of  sound  incident  on  such  a  material  is  converted  par 
into  heat  by  friction  in  the  pores,  and  partly  into  mechanical  energy  by  compressing  the  substance,  the  amount 
energy  so  converted  constituting  the  absorption.  An  audience  is  a  good  absorber  of  sound  undoubtedly  becaus( 
the  clothing  worn.  When  making  an  acoustical  correction  for  an  auditorium,  the  absorbing  power  of  the  audiei 
is  figured  as  an  important  factor.  By  the  use  of  these  coefficients  and  Sabine's  formula,  calculations  may  be  m; 
indicating  how  much  absorbing  material  should  be  introduced  into  a  room  to  give  satisfactory  acoustics  for  aver; 
conditions.  These  calculations  may  be  made  from  the  building  plans  so  that  the  acoustics  may  be  provided  foi 
advance  of  construction. 

In  rooms  used  only  for  speaking  purposes,  the  time  of  reverberation  should  be  shorter  than  for  music  alo 
because  a  longer  time  of  reverberation  is  desired  for  music.  When  the  room  is  to  be  used  for  both  music  and  spe: 
ing,  a  time  of  reverberation  is  chosen  that  will  be  fairly  satisfactory  for  both,  the  auditorium  thus  being  m: 
somewhat  too  reverberant  for  speaking  and  not  quite  reverberant  enough  for  music. 

30e.  Adjustment  of  Acoustics  of  Rooms. — To  secure  satisfactory  acoustics  m 
room,  it  is  necessary  to  know  the  amount  of  sound-absorbing  material  that  will  give  the  b( 
effect.     Such  information  is  given  in  Fig.  18  for  auditoriums  up  to  1,000,000  cu.  ft.  volun 
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FiQ.  18. — Curve,  indicating  amount  of  sound-absorbing  material  needed  for  auditoriums  of  different  volume. 
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or  example,  in  an  actual  auditorium  of  588,000  cu.  ft.  volume,  the  amount  of  material  needed 
r  optimum  acoustics  is  15,500  units.     The  absorbing  values  in  the  room  before  correction  were : 

Concrete  floor 10,400  sq.  ft.  at  0.015  156  units 

Wood  floor 8,080  sq.  ft.  at  0.03  242  units 

Concrete  ceiling 16,500  sq.  ft.  at  0.015  247  units 

Skylights 1.200  sq.  ft.  at  0.027  32  units 

Walls  (hard-faced  brick,  glass) 26,300  sq.  ft.  at  0.027  710  units 

Proscenium  opening 1,872  sq.  ft.  at  0.2  374  units 

Seats,  1400 ft.  at  0.05  70  units 

Audience    (three-fourths  capacity)  1050  people ft.  at  4.6  4830  units 

Absorption,  including  three-fourths  audience 6661  units 

he  optimum  is  desired  for  three-fourths  audience,  so  that  it  is  necessary  to  add  the  difference 
jtween  15,500  and  6660  units,  or  8840  units,  to  give  the  desired  effect. ^  These  units  could  be 
)tained  by  installing  17,680  sq.  ft.  of  a  material  with  a  coefficient  of  0.5,  that  is:  17,680  X  0.5 

8840  units. 

30/.  Echoes  in  an  Auditorium. — Other  defects  than  the  reverberation  maj^  exist 

an  auditorium.  An  echo  is  set  up  when  an  auditor  hears  a  sound  coming  direct  from  a  nearby 
leaker  and  then  again  at  a  later  time  when  it  is  reflected  from  a  distant  wall.  Figs.  19  and  20 
ow  the  reflections  of  sound  in  the 
iditorium  at  the  University  of  Illinois 
id  how  echoes  were  caused.  This 
lom  is  nearly  hemispherical  in  shape 
th  several  large  arches  and  recesses 
ihich  break  the  regularity  of  its  inner 
irface.  Because  of  its  large  volume, 
?5,000  cu.  ft.,  and  curved  walls  of  hard 
aster,  it  was  afflicted  with  both  rever- 
jration  and  echoes.  An  investigation - 
sting  several  years  yielded  an  analysis 

the  acoustical  defects,  on  the  basis  of 
hich  action  was  taken  to  correct  the 
ults.  The  echoes  were  located  experi- 
en  tally  by  sending  a  small  bundle  of 
lund  successively  in  different  directions  and  noting  its  path  after  reflection.  A  ticking 
atch  was  used  as  a  source  of  sound.  When  backed  by  a  reflector,  this  gave  definite  data, 
;  did  also  a  metronome  enclosed  in  a  box  so  that  the  sound  could  escape  only  through  a 
rected  horn;  but  the  results  were  not  conclusive.  A  satisfactory  method  was  found  that 
.volved  the  use  of  an  alternating-current  arc  light  as  the  source  of  sound.  This  gave  a  hissing 
-mnd  that  travelled  the  same  path  as  the  light  of  the  arc.  The  light  and  sound  were  reflected 
\''  a  parabolic  reflector  to  distant  walls  where  an  observer  could  see  where  the  sound  struck. 
he  walls  causing  echoes  were  then  readily  located. 

For  a  distinct  echo,  Tallant^  estimates  that  the  time  difference  between  the  direct  and  reflected  sounds  should 
■  about  Hs  sec,  depending  on  the  acuteness  of  hearing  of  the  auditor.  For  the  practical  avoidance  of  echoes,  this 
3uld  mean  that  the  difference  in  paths  of  the  direct  and  reflected  sounds  should  not  exceed  70  ft. 

30gr.  Interference  and  Resonance. — Another  acoustical  defect  is  created  when 
'Und  waves,  reflected  from  the  walls  of  the  room,  meet  the  oncoming  waves  in  such  a  manner 
lat  pronounced  interference  takes  place.  Thus,  a  sustained  musical  sound  may  produce  undue 
udness  in  some  places  and  a  corresponding  dearth  of  sound  elsewhere.     A  further  defect, 

1  See  other  examples  in  Chap.  4,  "Acoustics  of  Buildings,"  by  F.  R.  Watson.     John  Wiley  &  Sons,  Inc. 

"  Bull.  73  on  "Acoustics  of  Auditoriums"  by  F.  R.  Watson  and  Bull.  87  on  "Correction  of  Echoes  and  Rever- 
ration  in  the  Auditorium,  University  of  Illinois"  by  F.  R.  Watson  and  James  M.  White.  Published  by  the 
aiv.  of  111.  Eng.  Exp.  Sta. 

3  "Hints  on  Architectural  Acoustics,"  The  Brickbuilder,  1910. 


Fig.  19. — Reflection  of  sound  in  an  auditorium. 
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called  resonance,  is  caused  when  the  original  sound  is  amplified  by  the  vibration  of  wooc 
paneling  and  by  the  reinforcement  from  alcoves  or  window  recesses.  In  the  practical  correct 
of  the  acoustics  of  rooms,  it  is  very  desirable  that  the  absorbing  material  introduced  to  redi 
the  reverberation,  be  placed  so  as  to  minimize  the  echoes  and  other  faults. 

30h.  Wires  and  Sounding  Boards. — A  statement  should  be  made  concerning 
acoustical  effect  of  wires  and  sounding  boards,  since  these  appeal  to  the  popular  mind  as  effect 
correcting  agencies.  Wires  are  of  practically  no  effect.  ^  They  have  much  the  same  effect  t' 
a  fish  Une  in  the  water  has  on  the  water  waves.  To  be  effective,  the  obstacle  should  be  la 
enough  to  be  comparable  with  the  wave  length  of  the  sound.  An  instance  is  recorded  wh 
five  miles  of  wire  were  installed  in  an  auditorium  without  acoustical  effect,  so  it  was  remo^ 
and  absorbing  material  put  in  for  correction. 

Sounding  boards  are  useful 
special  cases  where  it  is  desirec 
direct  sound. ^  Sounding  boards, 
lief  work  on  walls,  galleries  and  o 
obstacles  serve  to  break  up  the  reg 
reflection  of  sound  and  prevent 
formation  of  echoes,  but  their  effec 
acoustical  correction  is  small  comp: 
with  the  absorption  of  energy  by 
sorbing  material. 

30i.  Modeli 
New     Auditoriums     After 
Ones   With   Good  Acoustic: 
A  suggestion  often  made  is 
architects  to  model  auditorii 
after    those    already  built  t 
have  good  acoustical  properl 
It  does  not  follow  that  hall: 
modeled  will  be  successful, 
cause  the  materials  used  in  c 
struction  are  not  the  same  } 
after  year.     For  instance,  it 
the  usual  custom  years  age 
build    wooden    structures ; 
modem    practice    requires 
use     of     steel,     concrete,     . 
plaster  thus  forming  walls  that  transmit  and  absorb  less  sound.     Furthermore,  a  new  ai 
torium  is  changed  somewhat  to  suit  the  ideas  of  the  architect  or  the  particular  circumstance 
the  new  building,  and  it  is  quite  probable  that  the  changes  will  affect  the  acoustics. 

30y.  Effect  of  the  Ventilation  System. — It  would  seem  at  first  thought  that 
ventilation  system  in  a  room  would  affect  the  acoustics.  The  air  is  the  medium  that  transn 
the  sound.  It  has  been  shown  that  the  wind  has  an  action  in  changing  the  direction  of  propa 
tion  of  sound.'  Sound  is  also  reflected  and  refracted  at  the  boundary  of  gases  that  diffei 
density  and  temperature.'*  It  is  found,  however,  that  the  effect  of  the  usual  ventilation  currc 
on  the  acoustics  in  an  auditorium  is  small.  The  temperature  difference  between  the  hea 
current  and  the  air  in  the  room  is  not  great  enough  to  affect  the  sound  appreciably,  and 
motion  of  the  current  is  too  slow  and  over  too  short  a  distance  to  change  the  action  of  the  soi 
to  any  marked  extent.^ 

1  Sabine,  Arch.  Quarterly  of  Harvard  University,  March,  1912.     Watson,  Science,  Vol.  35,  May,  1012. 

2  Watson,  "The  Use  of  Sounding  Board  in  an  Auditorium,"  The  Brickbuilder,  June,  1913. 

3  Osborne  Reynolds,  Proc.  of  Royal  Soc,  Vol.  XXII,  p.  531,  1874. 
■•  Jos.  Henry,  Report  of  Lighthouse  Board  of  U.  S.,  1874. 

J.  Tyndall,  Phil.  Trans.,  1871. 
5  Sabine,  Eng.  Rec,  Vol.  61,  p.  779,  1910.     Watson,  Eng.  Rec,  Vol.  67.  p.  265,  1913. 


Fig.  20. — How  echoes  are  set  up  by  reflection  of  sound. 


Under  special  circumstances,  the  heating  and  ventilating  systems  may  prove  disadvantageous.  A  hot  stove 
a  current  of  hot  air  in  the  center  of  the  room  will  seriously  disturb  the  action  of  the  sound.  Any  irregularity  in 
air  currents  so  that  sheets  of  cold  and  heated  air  are  set  up  will  modify  the  regular  progress  of  the  sound  and 
)duce  confusion.  The  object  to  be  stiiven  for  is  to  keep  the  air  in  the  room  as  homogeneous  and  steady  as  pos- 
le.  Hot  stoves,  radiators,  and  currents  of  heated  air  should  be  kept  near  the  walls  and  out  of  the  center  of  the 
)m.  It  is  of  some  small  advantage  to  have  the  ventilation  current  go  in  the  same  direction  as  the  sound  since  a 
ad  tends  to  carry  the  sound  with  it. 
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31.  Non-transmission  of  Sound. 

31a.  How  Sound  is  Transmitted. — The  second  large  problem  in  the  acoustics  of 
ildings  is  the  transmission  of  sound.  Sound  may  be  transmitted  from  one  part  of  a  building 
other  parts  in  a  variety  of  ways.  The  vibrations  of  pianos,  cellos,  etc.,  that  rest  on  the  floor, 
d  the  noise  of  motors,  pumps,  and  other  instruments  that  are  placed  in  intimate  contact  with 
building  structure,  are  transmitted  with  surprising  efficiency  through  the  continuity  of 
ucture  and  are  hindered  in  their  progress  only  when  encountering  a  discontinuity  in  elasticity 
density,  a  large  change  of  this  kind  being  a  transition  from  masonry  to  air.  These  disturb- 
ces  maj'  give  rise  to  unexpected  sounds  by  causing  thin  walls,  partitions,  desks,  and  other 
jects  in  contact  with  the  building  structure  to  vibrate  and  set  up  sound  waves  in  the  air. 
fe  le  action  is  quite  similar  to  that  of  a  speaking  tube,  the  sound  vibrations  in  this  case  being 
ifined  in  the  walls  by  the  totally  reflecting  air  boundary  about  them. 

Other  types  of  sound  that  set  up  vibrations  in  the  air,  such  as  those  produced  by  the  voice,  violin,  etc.,  continue 
ir  progress  in  the  air  through  ventilator  ducts,  open  windows,  spaces  between  doors  and  their  casings,  incom- 
tely  closed  pipe  openings,  partition  joints,  or,  in  general,  wherever  there  is  a  continuous  air  passage.  On  meeting 
1  walls  and  partitions  they  may  cause  these  to  vibrate  and  thus  create  sound  vibrations  on  the  further  side. 

The  foregoing  considerations  show  that  vibrations  may  pass  from  one  part  of  a  building  to  other  parts  along 
hs  not  easy  to  trace  and  introduce  extraneous  sounds  that  are  undesirable. 


316.  Experimental  Investigations. — Investigations  that  have  led  to  some  definite 

ults,  have  been  inaugurated  to  solve  the  difficulties,  but  there  remains  much  to  be  done.^ 

le  comparative  intensities  of  sound  transmitted  and  reflected  by  partitions  of  different  mate- 

li  Is  have  been  measured  by  the  writer.  ^     A  sound  of  constant  pitch  blown  by  a  steady  air 


Fio.  21. — Apparatus  for  measuring  sound  transmitted  and  reflected  by  a  partition. 

ssure,  is  directed  by  means  of  a  parabolic  reflector  against  the  partition  as  shown  in  Fig.  21. 
rt  of  the  sound  is  reflected  and  part  transmitted,  the  intensity  of  each  part  being  measured 
a  Rayleigh  Resonator.  The  Rayleigh  Resonator  is  a  brass  tube  tuned  to  the  sound  and  has 
lass  disc  hung  inside  by  a  quartz  thread.     The  disc  deflects  under  the  action  of  the  sound,  the 

1  Sabine,  The  Brickbuilder,  Feb.,  1915. 

2  Physical  Review,  Jan., 1916. 
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angle  of  deflection  being  proportional  to  the  intensity  of  the  sound.     This  arrangement  alio 
quantitative,  comparative  measurements  to  be  obtained  independently  of  the  ear. 

A  preliminary  investigation  gave  the  following  results: 

Table  2. — Transmission  and  Reflection  of  Sound 


Material 


Thickness  in  layers. .  . 

H  in.  hairfelt 

J-4  in.  cork  board 

^4  in.  cork  board .  .  .  . 
J-4  in.  paper  lined  felt 
5i  in.  paper  lined  felt 
.?4  in.  flax  board  ... 
J-4  in.  pressed  fiber. .  . 
?4  in.  pressed  fiber. .  . 


Deflections  of  resonator  for 


Transmission 


Reflection 


22.0 
7.9 
1.15 
5.0 
G.5 
2.25 
0.32 
0.2 


15.4 
3.75 
2.05 

21.7 
1.95 
0.55 


10.4 
2.9 
0.8.5 
3.8 
0.4 
0.1 


4.9 
15.7 
25.9 
20.7 
10.4 
22.5 
23.2 


6.G 

22.0 

21.2 

5.9 

6.6 

20.0 


10.5 
22.  G 
22.1 
10.0 
9.3 
20.C 


Inspection  of  the  results  shows  that  a  porous  material  like  hairfelt,  transmits  much  sound.  Lining  it  w 
paper  stops  the  pores  and  introduces  air  spaces  between  successive  layers  and  thereby  diminishes  the  transmissi 
Dense  materials  transmit  less  sound,  as  shown  by  the  results  for  the  pressed  fiber.  The  law  of  transmission  fc 
homogeneous  material,  like  hairfelt,  states  that  the  intensity  of  the  transmitted  sound  decreases  exponentis 
with  the  increasing  thickness.  Doubling  the  thickness  does  not  double  the  amount  of  sound  cut  off;  that  ie 
1  in.  of  the  material  stops  10  %  of  the  sound  entcnng  the  material,  2  in.  stop  19  %,  3  in.  stop  27  %,  etc.  For  n 
homogeneous  walls,  such  as  cork  sheets  with  air  spaces  between,  or  compound  walls,  such  as  plaster  partitic 
there  is  no  simple  law  of  transmission.  When  a  partition  is  elastic,  it  vibrates  under  the  action  of  the  incident  soi 
and  may  be  set  in  vigorous  motion  if  in  tune  with  the  incident  waves.  This  creates  compressional  waves  on 
further  side  of  the  partition  and  thus  transmits  the  sound  energy.  Thick  walls  may  act  in  this  way  as  well  as  t 
ones.  Vibrations  with  amplitudes  of  one-thousandth  of  an  inch  and  less  are  capable  of  producing  audible  soune 
The  reflection  of  sound  increases  usually  with  the  thickness  of  a  nomogeneous  material,  but  the  law  is  nc 
simple  one.  The  reflection  is  large  when  the  transmission  is  small  unless  the  material  is  a  good  absorber.  Whe 
partition  vibrates,  the  reflection  may  be  smaller  than  expected,  as  in  the  case  of 
J4  in.  paper  lined  felt.  Reflection  is  greater  for  rigid,  heavy  partitions  than 
elastic,  thin  ones. 

The  experiments  just  described  point  the  way  to  further  work  and  this 
already  been  started  with  improved  methods  and  apparatus.      The  complete  sc 
tion  of  the  problem  involves  the  absorption  of  sound.      Fig.  22  indicates  how 
incident  sound  is  reflected  absorbed,  and  transmitted  in  varying  amounts  depe; 
ing    on    the   nature   of  the  material,   the   construction   of   the  partition  and 
possibility  of  vibration. 

The  transmission  of  sound  has  been  measured  by  Sabine'  who  tested 
sound-insulating  efficiencies  of  hair  felt,  sheet  iron,  and  combinations  of  th 
materials  by  a  method  involving  the  use  of  the  ear  in  listening  for  tne  faint 
trace  of  sound.  He  found  that  hairfelt  transmitted  considerable  sound  but  tl 
the  rigid,  dense  sheet  iron  was  more  eflScient.  .\lternate  layers  of  sheet  iron  s 
hairfelt  gave  quite  satisfactory  insulation.  His  experiments  were  preliminary  to  a  more  e.xtended  investigatior 
standard  constructions  and  were  intended  to  establisn  methods  and  principles. 

Jiiger^  states  from  theoretical  considerations  that  thin  walls  of  small  mass  and  easily  capable  of  vibrat 
transmit  sounds  quite  readily;  also  that  low  pitched  sounds  pass  through  partitions  more  easily  than  high  pitcl 
ones.  Tufts<  concluded  from  his  experiments  that  porous  materials  transmit  sound  in  much  the  same  proport 
that  they  allow  air  to  pass. 

31c.   Sound-proof  Rooms. — The  foregoing  conclusions  indicate  the  constructio 
best  suited  for  making  rooms  sound-proof.     What  is  desired  are  walls  that  are  rigid  and  hea- 

'  See  "Vibrations  of  Buildings,"  Art.  31d. 

2  "The  Insulation  of  Sound,"  The  Brickbuilder,  Feb.,  1915. 

'  See  previous  reference,  p.  755. 

*  Amer.  Jour,  of  Science,  Vol.  2,  p.  357,  1901. 


Fig. 22. — Action  of  a  material 
in  reflecting,  absorbing,  and 
transmitting  sound. 
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'th  some  sort  of  discontinuity,  such  as  an  air  space.  It  appears  of  advantage  to  place  sound- 
:  -lorbing  material  in  this  air  space.  Unfortunately,  it  is  not  possible  in  practice  to  have  a  com- 
)  'te  air  discontinuity  about  a  room,  because  the  walls  make  a  more  or  less  intimate  contact  at  the 
lor  where  they  are  supported.  It  is  also  apparent  that  any  ventilation  openings  or  cracks 
;out  doors,  pipes,  and  partitions  that  will  give  a  continuous  air  passage  will  allow  transmission 
(  ^ound  and  should  be  avoided  as  far  as  possible.  Fvu-ther,  steam  and  water  pipes  convey 
■  imls  of  distant  pumps,  motors,  and  furnaces  and  are  likely  to  pass  these  sounds  to  the  air 
ithe  room. 

32.  Vibrations  in  Buildings. — Another  problem  in  the  transmission  of  sound  arises  because 

( tlie  vibrations  of  walls,  floors,  and  other  portions  of  the  building  which  are  apt  to  give  forth 

.-Hid.     A  systematic  investigation  of  this  subject  was  carried  out  by  HalP  in  San  Francisco. 

1   used  a  modified  seismograph  pendulum  that  recorded  vibrations  in  three  directions,  two 

iiizontal  vibrations  at  right  angles  to  each  other  and  a  third  vertical  vibration.     The  results 

)wed  that  buildings  vibrate  in  all  three  directions  to  a  greater  or  lesser  extent  because  of 

chinery,  street  traffic,  and  other  causes.     The  magnitude  of  the  vibrations  is  generally  small, 

rying  in  Hall's  observations  from  about  0.0014  to  0.00004  in.;  but  it  is  likely  that  vibrations 

factory  floors  exceed  these  values.     The  frequencies  of  the  vibrations  varied  from  about  2  to 

;r  sec. 

Vibrations  of  walls  are  capable  of  producing  sound  waves  in  the  surrounding  air,  that  will  be  audible  if  the 
plitude  of  vibration  is  large  enough.  There  appear  to  be  no  data  for  this  particular  case,  but  some  idea  of  the 
ion  may  be  gained  from  experiments  by  Shaw^  who  found  that  a  telephone  receiver  membrane  vibrating  with 
ill  double  amplitudes  gave  sounds  when  held  to  the  ear  as  indicated  in  Table  3. 

Table  3. — Sounds  Produced  by  a  Vibrating  Telephone  Membrane 

Double 

Ampli- 
tude 

(inches)  Result 

0.000006 sound  "just  audible" 

0.0004      sound  "just  comfortably  loud" 

0.008        sound  "just  uncomfortably  loud" 

0.04  ; sound  "just  overpowering" 

fli  ll's  vahies  lie  within  these  limits,  but  the  sounds  produced  would  be  considerably  fainter  because  they  are  not 
iveyed  so  directly  or  so  efficiently  to  the  ear  as  in  Shaw's  experiment. 

More  recently,  this  problem  has  been  extended  by  others^  from  the  economic  standpoint,  since  it  appears  that 
se  vibrations,  particularly  in  factories,  affect  the  physical  welfare  and  efficiency  of  the  employees.     The  results 

te  ;he  investigations  described  lead  to  the  following  recommendations  for  reducing  vibrations:  U)  To  minimize  the 
ration  at  the  source  by  using  properly  balanced  machines,  and  by  mounting  them  on  separate  foundations  or  on 
ivy,  rigid  floors;  and  (2)  to  reduce  transmission  of  vibrations  by  introducing  materials  to  produce  changes  in  the 
3ticity  and  density  of  the  building  structure,  thus  following  the  principles  already  set  forth  in  regard  to  non- 
Qsmission  of  sound. 
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SCHOOL  PLANNING 
By  James  O.  Betelle 


School  planning  has  made  very  rapid  and  marked  development  in  the  last  decade,  and,  on 
;ount  of  the  changes  brought  about  by  the  World  War,  even  greater  and  more  marked  develop- 
nts  are  looked  for  within  the  next  few  years.  Courses  of  studies  are  changing,  new  ones  are 
ing  added,  and  some  old  ones  being  abandoned.  This  means  changes  in  the  usual  school 
P'l  ilding  plan  properly  to  take  care  of  these  new  conditions.  It  also  means  that  new  buildings 
ill  be  so  constructed  that  changes  may  easily  be  made  after  the  school  is  built,  as  no  school 
ilding  can  be  up-to-date  for  a  very  long  period  during  these  times  of  rapid  adjustment  in 
lool  administration. 

1  "Graphical  Analysis  of  Building  Vibrations,"  Elec.  World,  Deo.  18,  1915.     Also  earlier  papers. 

2  Proe.  of  Royal  Society,  Vol.  76A,  p.  360,  1905. 
a  Maurice  Deutsch,  Consulting  Engineer,  New  York  City.     (See  pamphlet  entitled  "The  Effects  of  Vibration 

Structures"  published  by  the  Aberthaw  Construction  Company,  Boston.) 
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33.  Educational  Surveys. — Farsighted  communities  who  wish  to  locate  and  to  build  t 
schools  scientifically,  and  with  a  look  to  the  future,  are  beginning  to  see  the  importanc* 
having  an  educational  survey  made  of  their  town  or  city  by  experts  who  make  a  specialty  of  s 
work.  As  a  result  of  what  is  learned  regarding  existing  conditions  and  probable  future  tr 
and  increase  in  population,  a  building  program  for  the  next  5  to  10  yr.  is  planned  out,  s 
acquired,  and  building  work  started.  For  typical  examples  of  these  surveys,  see  the  report 
the  surveys  made  of  Portland,  Ore.,  Omaha,  Neb.,  St.  Paul,  Minn.,  and  Cleveland,  Ohio. 

34.  School  Sites.— The  recently  enacted  physical  and  military  training  laws  in  many  sta 
as  well  as  a  more  enlightened  public  opinion,  here  made  larger  school  sites  necessary. 

For  the  average  elementary  school  accommodating  about  800  pupils,  a  site  of  not  less  than  4  acres  is  re< 
mended;  and  for  the  intermediate  school  of  800  pupils,  a  site  of  not  less  than  5  acres  is  recommended.  In  an  ii 
mediate  school  the  playground  requirements  become  more  important,  and  an  experimental  school  garden  is  c 
included. 

For  the  high  school  accommodating  about  1000  pupils  a  site  of  10  acres,  or  more,  is  recommended.  This 
include  not  only  space  for  gamps,  such  as  tennis,  handball,  basketball,  etc.,  but  also  a  complete  athletic  field 
baseball  and  football  fields,  runnmg  track,  and  bleachers  for  spectators.  It  is  very  desirable  to  have  the  so 
athletic  field  adjom  the  high  school,  as  the  games,  drills,  and  exercises  can  be  more  easily  supervised.  The  g 
nasium  in  the  building  with  its  lockers,  showers,  and  other  dependencies  are  readily  available  and  classes  ca 
easily  drilled  or  exercised  in  the  open  air  when  the  weather  is  suitable,  instead  of  in  the  enclosed  gymnasi 

Sites  should  also  be  selected  witn  due  regard  for  healthful  conditions,  accessibility,  absence  of  noise,  dange 
approaches,  good  moral  surroundings,  etc.  The  Minnesota  school  building  regulations  recommend  that  evei 
the  smallest  sites,  not  more  than  20  %  of  the  entire  area  be  used  for  the  buildmg. 

It  seems  to  be  agreed  among  educators  that  school  buildings  should  be  so  located  that  no  scholar  atten. 
the  primary  school  shall  have  more  than  ?4  of  a  mile  to  walk  and,  if  attending  an  intermediate  school,  not  far 
than  11-2  miles.  High  school  scholars  can  travel  as  far  as  2" 2  miles,  but  a  limit  of  2  miles  is  to  be  preferred, 
special  cases  scholars  do  travel  farther  to  school  than  these  distances,  but  trolleys  or  other  special  means  of  tr 
portation  are  used. 

35.  Program  of  Studies. — No  school  can  be  properly  designed  until  the  superintenden 
schools  furnishes  the  architect  with  a  program  giving  the  course  of  studies  to  be  taught,  len 
of  class  periods,  number,  size,  and  kind  of  rooms  desired,  and  number  of  pupils  to  be  acc( 
modated  in  each  subject.  This  will  permit  the  architect  so  to  design  the  school  as  to  suit 
particular  subjects  to  be  taught  rather  than  make  the  program  of  studies  fit  in  with  the  build 
after  it  is  built. 

36.  School  Building  Laws  of  Various  States. — Many  states  have  laws  which  apply  to 
construction  of  school  buildings.  Copies  of  these  laws  and  any  rules  relating  to  building 
grounds  which  have  been  adopted  by  the  State  Board  of  Education,  the  State  Department 
Labor  and  Industry,  State  Board  of  Health,  and  any  other  department  having  jurisdiction,  sho 
be  obtained  and  carefully  followed  in  the  design  of  the  building.  Where  state  laws  exist,  i 
usually  required  that  all  plans  and  specifications  of  school  buildings  be  submitted  to  the  St 
Board  of  Education  or  other  departments  having  jurisdiction  for  approval  before  starting 
Ixiild.  The  requirements  of  these  laws  vary  widely  from  nothing  at  all  in  some  states  to  v« 
rigid  requirements  in  Ohio.  The  appointment  of  a  federal  commission  is  being  advocated 
standardize  these  laws  in  the  various  states  and  bring  about  some  semblance  of  uniformi 
The  control  over  existing  school  buildings  and  the  plans  for  new  buildings  is  usually  enfon 
by  state  boards  of  education  through  their  control  of  state  money  which  they  apportion  a 
distribute  to  the  various  communities,  and  which  they  may  withhold  unless  certain  standai 
are  lived  up  to.  It  is  also  well  for  the  architect  designing  a  school  building  not  only  to  obti 
and  follow  the  local  building  laws  but  also  not  to  fail  to  obtain  information  regarding  any  zoni 
laws  affecting  the  location  of  the  building  on  the  site  or  otherwise. 

37.  School  Organization.^ — The  school  Ufe  of  children  is  divided  into  12  yr.  and  genera 
designated  as  1st  to  12th  grades.  Sometimes  grades  are  designated  as  IB-IA,  2B-2A,  et 
where  there  is  promotion  at  midyear.  The  further  division  has  been  general  of  housing  t 
first  8  yr.  or  grades  in  a  grade  school  and  the  last  4  yr.  in  a  high  school,  the  grades  in  the  hi 
school  being  called  1st,  2d,  3d,  and  4th  yr.  A  change  in  this  organization  is  now  being  made ' 
placing  a  junior  high  school  between  the  lower  grades  and  the  senior  high  school.  This  orgai 
zation  and  its  advantages  will  be  treated  under  the  description  of  the  junior  high  school. 


i|c.  4-38]  GENERAL  DESIGNING  DATA  763 

A  tendency  to  make  an  intensive  use  of  the  school  plant  has  been  very  marked  in  recent 
ars.  The  use  of  the  various  buildings  only  5  hr.  a  day  for  200  days  each  year  is  giving  way 
twice  as  much  use,  or  more.  If  we  are  to  have  the  necessary  school  plant  and  equipment, 
lich  modern  education  demands,  and  still  keep  taxes  within  reasonable  limits,  economy  must 
practiced.  There  is  no  easier  way  to  economize  than  to  make  more  use  than  formerly  of 
3  facilities  we  already  have. 

The  so-called  "Gary"  plan  is  a  scheme  for  the  more  intensive  use  of  the  school  plant,  the  accommodation  of 
^*  re  children,  and  at  the  same  time  a  more  diversified  and  attractive  course  of  study,  work,  and  play.  The 
Iternating  plan"  and  "platoon  system''  are  only  modifications  of  the  Gary  plan,  to  solve  the  problem  of  some 
cial  community.  From  lack  of  construction  of  new  school  buildings  to  take  care  of  the  normal  growth  in  popu- 
on  during  the  past  few  years  and  the  excessive  cost  of  new  construction,  communities  have  been  forced  into  this 
"(|v  scheme  of  organization.  The  other  alternative  is  to  place  a  portion  of  the  scholars  on  part  time,  which  every 
hesitates  to  do.  Briefly,  the  schemes  are  about  as  follows:  One-half  the  scholars  report  at  school,  say  at  8:30 
M.  After  the  first  period  spent  in  the  class  rooms  these  pupils  move  on  to  the  special  rooms,  such  as  shops, 
nnasium,  auditorium,  or  playgrounds,  and  leave  the  class  rooms  vacant  for  the  second  section  or  platoon.  The 
gram  of  the  school  is  therefore  rather  complicated  but  very  ingenious.  The  school  day  is  longer  than  under  the 
lal  program  because  there  are  periods  of  supervised  play,  gymnasium,  swimming  pool,  etc.  The  first  pla- 
n's day  comes  to  an  end  around  4:00  o'clock  and  the  second  platoon  one  period  later,  or  around  4:40  o'clock, 
run  a  school  on  this  intensive  basis  makes  it  necessary  to  operate  it  on  the  departmental  plan,  and  the  school 
Ming  must  be  very  complete  in  its  various  departments.  The  reason  more  scholars  can  be  accommodated  in 
type  of  school  than  in  the  ordinary  one  is  because  several  classes  at  a  time  are  taken  into  the  auditorium  and 
en  a  singing  lesson,  an  illustrated  lecture,  or  something  that  can  be  taught  in  large  groups;  other  large  groups  at 
same  time  go  to  the  playgrounds,  to  the  gymnasium,  etc.,  so  that  while  the  first  platoon  is  absorbed  in  these 
cial  activities,  the  second  platoon  has  the  use  of  the  recitation-  and  class  rooms;  thus  the  platoons  alternate 
oughout  the  day.  In  some  instances,  groups  of  children  are  sent  once  a  week  for  religious  instructions  to  nearby 
irches  designated  by  the  Protestant,  Catholic,  and  Jewish  organizations,  thus  making  still  more  room  in  the 
ool  for  more  pupils. 

38.  Kinds  of  Schools. — (1)  Primary  school,  (2)  intermediate  or  junior  high  school,  (3) 
lior  high  school,  (4)  manual  training  or  commercial  high  school,  (5)  vocational  school. 

39.  Primary  Schools. — Primary  schools  accommodate  children  from  kindergarten  age  (4 
6  yr.)  up  to  and  including  the  6th  grade,  where  there  is  a  junior  high  school,  and  up  to  the  8th 
ide  where  no  junior  high  school  exists.     The  plan  of  the  building  is  very  simple  and  consists 

^^  incipally  of  class  rooms  accommodating  40  to  42  pupils  each.  It  may  or  may  not  have  an 
ditorium.  If  it  has  an  auditorium,  it  need  be  large  enough  to  accommodate  only  one-half  to 
o-thirds  of  the  pupils  at  one  sitting.     A  few  years  difference  in  the  ages  of  children  at  this 

"■I  riod  means  considerable  difference  in  their  mental  development.  It  is  not  possible  to  talk  to 
3  entire  group  of  1st  to  8th  grades,  without  talking  over  the  heads  of  the  smaller  children  or 
neath  those  of  the  older  ones.  For  this  rea.son,  they  are  assembled  in  groups  of  only  a  few 
ars'  difference  in  age,  and  not  so  large  an  auditorium  is  needed.  There  is  no  objection,  how- 
9r,  other  than  the  cost  to  having  an  auditorium  seating  the  entire  school,  as  it  is  often  desirable 
get  all  the  pupils  together  for  some  special  occasion,  such  as  at  Christmas  time,  or  for  other 

'ifltertainments. 

A  play  or  exercise  room,  equal  in  area  to  about  1500  sq.  ft.,  is  provided  to  take  care  of  the  children  at  recess 
I  before  school  during  stormy  weather.     It  is  not  usually  called  a  gymnasium  because  little  or  no  apparatus  is 

The  primary  school  is  organized  on  the  simplest  basis,  and  the  children  do  not  go  from  room  to  room  as  in  the 
lartmental  scheme  but  remain  in  the  same  class  room  and  under  the  same  teacher  all  the  time. 

In  schools  including  the  7th  and  8th  grades,  a  few  special  rooms  are  included,  such  as  manual  arts  room, 
tsehold  arts  room,  drawing  room,  etc. 


40.  Intermediate  or  Junior  High  School. — The  junior  high  school  is  an  innovation  in  the 
.ool  organization  which  is  being  received  with  great  favor.  Educators  claim  many  advan- 
;es  both  from  a  financial  and  an  educational  standpoint.  Where  junior  high  schools  exist, 
!  entire  school  system  is  organized  on  one  of  several  ways,  such  as  the  6-6,  the  6-2-4,  or  the 
J-3  plan,  the  latter  meaning  6  years  primary  school,  3  years  junior  high  school,  and  3  years 
;h  school.  The  other  schemes  are  adopted  to  meet  certain  special  situations  as,  for  instance, 
the  6-6  plan,  the  community  may  have  a  large  and  well  organized  high  school  which  is  large 
)ugh  to  include  the  7th  and  8th  grades.     The  pupils  are  therefore  put  in  with  the  high  school 
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and  no  additional  building  is  needed.     As  the  high  school  enrollment  increases,  however,  insti 
of  enlarging  the  high  school  building,  the  junior  high  school  can  be  built  in  which  will  be  accc 
modated  the  7th  and  8th  grades  and  the  first  year  high  school  class,  thus  reUeving  not  only 
high  school  but  the  grade  schools  as  well.     The  school  system  will  then  be  organized  on 
6-3-3  plan,  which  seems  to  be  the  most  desirable. 

The  following  claims  are  made  in  favor  of  junior  high  schools: 

1.  Children  in  the  adolescent  stage  are  best  housed  in  separate  buildings  away  from  the  extremely  yo 
pupils  as  well  as  the  more  mature. 

2.  As  the  junior  high  schools  are  usually  run  on  the  departmental  plan  or  to  a  great  extent  on  that  basi, 
provides  an  easy  break  between  the  very  much  supervised  primary  school,  and  the  high  school  where  the  stut 
is  thrown  on  his  own  resources  and  responsibility. 

3.  The  children  are  often  kept  a  little  longer  at  school  and  instead  of  leaving  on  completion  of  the  8th  gr: 
as  they  probably  would  under  the  ordinary  8^4  organization,  they  are  encouraged  to  complete  the  junior  high  scl 
course,  which  includes  the  9th  grade  or  1st  year  high  school.  There  is  also  the  chance  that  having  gone  thro 
the  9th  grade,  the  pupil  will  be  interested  to  go  further. 

4.  It  is  possible  to  give  better  instruction  under  the  departmental  plan  where  the  pupils  go  to  special  teacl 
for  certain  subjects  than  it  is  where  one  teacher  instructs  in  all  subjects.  Pupils  have  a  more  diversified  cours 
study  and  wider  experiences  in  a  junior  high  school  organization,  and  are  therefore  better  equipped  to  go 
into  the  world's  struggle  than  they  are  under  the  8-4  system.  Promotions  are  usually  made  by  subjects 
not  by  grades;  this  makes  for  efficiency  and  permits  the  pupil  especially  bright  in  any  subject  to  progress  n 
rapidly. 

(5)  The  9th  grade  or  first  year  high  school  class  is  always  the  largest  in  a  high  school,  and  more  pupils  c 
out  during  or  at  the  end  of  this  year  than  at  any  other  time  in  the  high  school  course.  The  three  upper  high  scl 
classes  are  of  a  more  even  number,  and  the  chances  are  that  a  pupil  entering  the  second  year  wiU  complete  the  \ 
school  course.  It  is  therefore  more  economical  from  a  building  standpoint  to  house  this  large  number  of  pupil 
the  lowest  high  school  grade  in  a  building  which  is  not  so  costly  or  elaborately  equipped  as  a  modern  senior  1 
school  building. 

(6)  The  number  of  pupils  in  a  class  is  generally  reduced  from  42  to  35,  thus  placing  it  on  the  high  school  b 
and  furnishing  more  individual  instruction  to  each  pupil  in  the  class. 

More  special  rooms  are  provided  than  in  a  primary  school  but  not  so  manj''  or  so  elaborat 
equipped  as  in  a  senior  high  school. 

41.  Senior  High  School. — Almost  everyone  is  familiar  with  the  usual  senior  high  sch< 
its  organization  and  general  arrangement.  The  tendency  is  to  have  more  elective  courses  i 
place  special  emphasis  on  the  difference  between  the  courses  for  those  going  to  college  and  th 
whose  education  ends  upon  graduation  from  the  high  school.  Many  special  rooms  are  incluc 
and  these  will  be  described  in  detail  under  separate  headings. 

42.  Manual  Training  and  Commercial  High  Schools. — These  are  specially  planned  i 
equipped  schools  for  the  teaching  of  special  subjects.  A  manual  training  high  school  sho 
not  be  confused  with  a  vocational  school.  In  the  manual  training  school  the  pupil  gives  att 
tion  to  many  subjects  in  order  to  have  a  variety  of  experiences,  and  a  trained  eye  and  hand 
well  as  a  trained  mind.  In  a  vocational  school  the  pupil  gives  special  attention  to  one  cert 
vocation  and  its  allied  studies  with  a  view  of  taking  up  the  subject  for  his  life's  work. 

The  commercial  high  schools  specialize  on  subjects  similar  to  the  ordinary  business  colle 
such  as  bookkeeping,  typewriting,  stenography,  letter  writing,  business  arithmetic,  busin 
law,  customs,  etc. 

It  is  the  tendency  at  the  present  time  to  concentrate  the  various  different  departments  in  one  large  high  sc 
and  not  split  them  up  into  a  number  of  separate  units  teaching  special  subjects.  These  are  known  as  "comj 
hensive,"  or  "cosmopolitan"  type  of  tiigh  schools.  It  is  claimed  that  the  pupil  has  a  better  chance  to  make 
intelligent  choice  of  his  life  work  by  being  in  close  association  with  pupils  in  various  courses  and  if  he  decides 
time  goes  on,  that  it  is  best  to  make  an  adjustment  or  change  in  his  course  of  studies,  it  can  easily  be  arran 
without  the  necessity  of  changing  schools. 

43.  Vocational  Schools,  and  Smith-Hughes  Bill. — The  object  of  the  vocational  school 
to  fit  an  individual  to  pursue  effectively  a  recognized  profitable  employment.  It  is  intend 
for  persons  over  14  yr.  of  age  who  are  preparing  for  a  trade  or  industrial  pursuit.  It  is  i 
intended  to  take  the  place  of  the  regular  schools,  but  in  a  large  measure  is  intended  to  ke 
interested  and  at  school,  pupils  who  would  otherwise  leave  and  go  to  work.  The  number 
pupils  leaving  school  and  seeking  employment  at  the  early  age  of  14  yr.  is  alarming,  and  t" 
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use  of  their  leaving  and  starting  to  work  is  not  always  an  economic  one.  With  courses  of 
idies,  such  as  the  vocational  school  will  provide,  a  great  number  of  these  pupils  can  be  kept 
school  2  or  3  yr.  longer  and  receive  sufficient  training  in  useful  occupations  to  take  them  out 
the  unskilled  labor  class. 

The  U.  S.  Government  has  recognized  the  need  of  more  skilled  artisans,  and  realizes  that  it  is  not  a  local 
,tter.  A  pupil  may  be  born  in  California,  get  his  training  in  Massachusetts,  and  later  spend  his  days  as  a  machin- 
in  Indiana.  In  recognition  of  the  above  condition  Congress  passed  the  Smith-Hughes  Bill  establishing  the  Fed- 
,1  Board  for  Vocational  Education  and  renders  financial  aid  to  ttie  various  states  wnere  vocational  schools  are 
ablished.      The  bill,  however,  does  not  grant  any  money  for  the  building  or  equipment;  this  must  be  taken  care 

intirely  by  the  community.  The  financial  aid  from  the  Government  is  to  be  devoted  toward  payment  of  the 
iChers'  salaries  and  the  training  of  teachers. 

Vocational  schools  are  built  separately  for  boys  and  girls  and  it  is  important  to  give  an  actual  shop  atmosphere 
the  building  and  its  work  rooms.  Its  shops  should  be  amply  large  and  flexible  so  as  to  take  care  of  changing 
iditions.  In  most  vocational  schools  special  attention  is  given  to  local  industries.  Boys'  schools  include  such 
irses  as  plumbing,  electrical  work,  pattern  making,  sheet  metal  work,  automobile  and  gas  engines,  printing, 
ck  laying,  carpentry,  sign  painting,  blacksmithy,  machinery,  etc.  Girls'  schools,  such  courses  as  dressmaking, 
linery,  suit  and  cloak  making,  children's  clothing,  novelty  work,  electric  power  machine  operating  trades,  fea- 
r  and  paper  working,  weaving,  glove  making,  straw  hat  making,  embroidery,  hemstitching,  sample  mounting, 
About  70  %  of  the  girls  forced  to  become  wage  earners  in  the  skilled  trades  take  up  some  form  of  dress-making. 

of  the  shops  and  work  rooms  should  be  laid  out  as  near  actual  working  conditions  in  the  trade  as  possible.     The 
nee  of  the  instructor  in  the  various  shops,  as  well  as  advice  of  heads  of  large  and  successful  local  industries,  should 
sought  and  followed  by  the  school  board  and  architect  in  designing  and  equipping  the  school  building. 
Vocational  schools  and  junior  high  schools  are  the  two  newest  types  in  schools  that  have  been  developed  in 

past  10  years,  and  indications  point  to  rapid  development  in  these  two  types  in  the  immediate  future. 

44.  Continuation  or  Part-time  Classes. — Continuation  classes  are  for  the  purpose  of  con- 
uing  a  pupil's  education  for  a  certain  time  longer,  when  he  has  been  permitted  to  leave  and 
to  work  at  an  early  age.  Part-time  classes  are  organized  when  an  employer  recognizes  the 
vantage  to  him  of  improving  the  skill  and  training  of  his  workmen.     He  permits  certain  of 

younger  employees,  at  his  expense  and  during  working  hours,  to  go  to  school  for  special 
itruction  in  his  particular  Une  of  work. 

45.  Wider  Use  of  School  Buildings. — In  Une  with  the  more  intensive  use  of  school  buildings 
instruction  purposes,  has  come  the  wider  use  of  these  buildings  for  community  or  neighbor- 
ed purposes.  In  designing  the  building,  the  architect  should  keep  in  mind  this  wider  use  and 
•ange  certain  rooms  which  are  likely  to  be  used  by  the  community  so  that  they  are  easily 
;essible  without  disturbing  the  school  while  in  session,  or  so  that  these  rooms  can  be  used  at 
hts  or  hoUdays  without  the  necessity  of  opening  up  the  entire  building. 

Among  the  rooms  most  likely  to  be  used  by  the  community  are  the  following:  (1)  The  auditorium  for  lectures' 
ving  pictures,  plays,  concerts,  political  meetings,  etc.;  (2)  the  kindergarten  for  small  dances,  receptions  by  tea- 
rs, the  home  and  school  association,  or  similar  bodies;  (3)  the  gymnasium  for  large  dances  and  receptions,  for 
or  boys'  gymnasium  classes,  for  neighborhood  basketball  teams,  for  boy  scouts,  etc. ;  (4)  the  library  as  a  cir- 
iting  branch  from  the  central  public  library;  (.5)  the  domestic  science  room  by  the  Red  Cross  or  other  society,  a 
imunity  kitchen,  or  preparing  refreshments  for  socials  or  receptions  held  in  other  parts  of  the  building;  (6)  a 
m  so  arranged  with  an  outside  entrance,  or  that  is  near  one,  so  it  can  be  used  on  election  days  as  a  voting  place; 
1  (7)  toilet  and  shower  rooms  made  accessible  for  playing  grounds  so  they  can  be  used  durmg  summer  vacations, 
I  at  hours  when  school  building  is  closed.  These  are  all  uses  separate  and  distinct  from  the  day  or  evening 
ools,  and  should  be  provided  for  not  only  to  stimulate  interest  and  pride  in  the  school,  but  to  develop  and 
ntain  the  best  American  citizenship. 

46.  Height  of  School  Buildings,  and  One-story  Schools. — It  is  an  axiom  in  school  con- 
uction  to  have  as  few  stories  as  possible.  Basements  with  floor  Unes  below  grade  level  are 
ng  eliminated.     These  basement  stories  contain  very  much  waste  space,  are  oftentimes  damp 

are  always  poorly  lighted.  When  the  school  becomes  crowded,  classes  are  practically 
?ays  placed  in  these  unsuitable  quarters  either  permanently  or  temporarily,  until  a  new  school 
1  be  built.  In  many  large  cities,  notably  Boston,  New  York,  Chicago,  and  Cleveland,  base- 
ints  are  being  eUminated  and  the  first  floor  placed  a  few  steps  above  the  general  grade  level, 
is  makes  the  rooms  in  the  lowest  story  as  well  hghted  and  as  dry  and  usuable  as  any  in  the 
ilding.  The  heating  plant  is  sometimes  placed  in  a  small  basement  under  the  ground  floor, 
t  as  this  makes  a  very  deep  excavation  necessary,  it  is  better  to  place  it  in  the  building  on 
i  ground  floor,  or  in  an  extension  outside  the  main  building. 
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It  seems  agreed  that  a  building  3  stories  or  2  flights  of  stairs  high  is  about  the  limit  for  a 
school.  While  in  very  large  cities  schools  are  sometimes  built  higher,  it  is  an  exception,  anc 
is  only  the  congested  districts  and  immense  value  of  land  that  makes  it  necessary.  Gri 
schools  which  are  built  2  stories  of  1  flight  of  stairs  high  are  preferred  to  a  higher  building. 

A  recent  development  in  school  buildings  is  the  large  l-story  schoolhouse.  This  idea  is  confined  princip; 
to  primary  or  grade  schools  and  has  many  advantages.  It  eliminates  stairs  and  in  many  cases  each  room  hat 
exit  door  to  the  outside  on  grade,  besides  being  connected  to  the  school  corridors,  thus  making  each  class  room  ro 
or  less  of  a  unit  in  itself.  Numerous  examples  of  this  type  of  school  have  been  built  in  California,  Oregon,  Kar 
City,  Minneapolis,  Rochester,  and  around  Chicago. 

The  advantages  claimed  are  as  follows:  (1)  Safety  from  fire  and  panic;  (2)  quicker  and  cheaper  to  build; ; 
(3)  elastic  in  plan,  with  additions  easily  made. 

Its  one  great  disadvantage  is  the  size  of  the  plot  of  ground  required  and  the  added  cost  of  this  land. 

While  12  rooms  witii  auditorium  and  kindergarten  seems  to  be  the  average  maximum  size,  the  City  of  Qe 
land  has  built  1-story  schools  considerably  larger  in  size,  made  necessary  principally  by  the  drastic  requiremc 
of  the  Ohio  school  building  code. 

Many  of  the  1-story  schools  have  a  minimum  amount  of  light  admitted  from  the  side  walls,  with  the  majoi 
of  the  light  coming  from  an  overhead  skylight.  This  has  a  special  advantage  in  those  rooms  facing  south,  wl 
during  a  greater  part  of  the  day  the  window  shades  have  to  be  pulled  down  on  account  of  the  sun  shining  into  c 
rooms.  The  skylight  is  built  on  the  principle  of  the  saw-tooth  factory  roof,  and  faces  north.  No  sun  can  ai 
into  the  room  through  this  type  of  skylight  and  yet  the  desk  farthest  from  the  outside  windows  is  as  well  ligh 
as  those  next  to  the  windows. 

It  is  predicted  that  the  1-story  schools,  with  floor  on  grade,  without  basements,  will  come  into  very  general 
in  our  smaller  cities,  for  medium  size  grade  school  buiidlngs. 

47.  School  Building  Measurements. — In  order  to  bring  about  a  standard  of  comparison 
to  cost,  pupil  capacity,  cubature,  etc.,  the  following  report  has  been  adopted  by  the  Americ 
Institute  of  Architects,  and  also  by  the  Committee  on  Standardization  of  School  Buildings 
the  National  Educational  Association.  It  is  recommended  and  urged  that  these  directions 
closely  followed  in  preparing  data  on  school  costs,  etc. 

For  the  purpose  of  obtaining  comparable  data  upon  the  educational  utility  and  cost  of  school  buildings,  t 
shall  be  classified,  measured,  and  defined  as  follows: 

Educational  Classification:  School  buildings  shall  be  classified,  educationally,  as:  lower  elementary,  up 
elementary,  high,  or  secondary. 

Lower  Elementary:  Shall  be  defined  as  a  building  containing  class  and  kindergarten  rooms,  together  with 
usual  accessory  rooms,  such  as  principal's  office,  teachers'  rooms,  play  rooms,  toilets,  etc.,  and  used  for  the  lo 
elementary  grades  only. 

Should  a  school  building  of  this  type  be  provided  with  assembly  room,  gymnasium,  or  other  special  roonu 
shall  fall  into  the  next  classification. 

Upper  Elementary:  Shall  be  defined  as  a  building  containing  lower  or  upper  elementary  grades,  and  in  addit 
to  the  regular  class  and  accessory  rooms,  an  assembly  hall,  gymnasium,  and  such  special  rooms  as  may  be  inclui 
for  upper  grade  or  special  work,  which  may  include  elementary  science,  elementary  industrial  training  and  hoi 
hold  arts. 

This  classification  would  thus  include  the  Junior  High  School,  the  Elementary  Industrial  or  other  types  of  sp 
ial  elementary  schools. 

High  or  Secondary:  Shall  be  defined  as  a  building  containing  class  rooms,  recitation  rooms,  laboratories,  i 
such  special  rooms  as  are  necessary  for  classical,  technical,  commercial,  industrial,  household  arts,  normal,  agric 
tural,  or  other  purposes  required  for  secondary  or  junior  college  education. 

Construction  Classification 

Type  A. — A  building  constructed  entirely  of  fire  resistive  materials,  including  its  roof,  windows,  doors,  flo 
and  finish. 

Type  B. — A  building  of  fire  resistive  construction  in  its  walls,  floors,  stairways  and  ceilings,  but  with  wc 
finish,  wood  or  composition  floor  surface,  and  wood  roof  construction  over  fire  resistive  ceiling. 

Type  C. — A  building  with  masonry  walls,  fire  resistive  corridors  and  stairways,  but  with  ordinary  construct 
otherwise,  i.e.,  combustible  floors,  partitions,  roofs  and  finish. 

Type  D. — A  building  with  masonry  walls,  but  otherwise  ordinary  or  joist  construction  and  wood  finish. 

Type  E. — A  frame  building  constructed  with  wood  above  foundation  with  or  without  slate  or  other  semifi 
proof  material  on  roof. 

Note:  Should  buildings  of  any  of  the  above  classifications  be  erected  without  complete  ventilating  syste 
or  other  mechanical  equipment,  due  note  should  be  made  of  such  fact  in  reporting  its  cost  data. 

Cost    Units 
To  determine  educational  utility  of  the  building,  obtain  tne  cost  per  pupil. 
To  determine  construction  cost  of  building,  obtain  the  cost  per  cubic  foot. 
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The  devisor  to  be  used  to  determine  the  cost  per  pupil,  shall  be  determined  by  the  number  of  pupils  normally 
ommodated  in  rooms  designed  for  classes  only.  In  arriving  at  the  number  of  pupils,  special  rooms  are  to  be 
ired  at  the  actual  number  of  pupils  accommodated  for  one  class  period  only.  Auditorium  or  assembly  rooms  are 
be  ignored,  but  gymnasiums  may  be  figured  for  one  or  two  classes,  as  the  accommodation  may  provide.  No 
nnasium,  however,  shall  be  accredited  with  two  classes,  if  below  40  X  70  ft.  in  size. 

Cost  per  Cubic  Foot. — To  obtain  the  cube  of  a  school  building,  multiply  the  area  of  the  outside  of  the  building 
the  first  floor  level  by  the  height  of  the  building  from  6  inches  below  the  general  basement  floor  to  the  mean 
ght  of  the  roof.  Parapet  walls,  stacks  and  other  projections  beyond  the  mean  height  of  the  roof,  as  well  as 
conies  and  porches  not  contributing  to  the  actual  usable  floor  of  the  building,  are  to  be  ignored. 

Where  portions  of  the  building  are  built  to  different  heights,  each  portion  is  to  be  taken  as  an  individual  unit 
i  the  rule  as  above  applied. 

Cost  /terns 

The  cost  of  school  buildings  shall  be  divided  into  four  general  items: 

First. — Cost  of  land  and  grading. 

Second. — Cost  of  building  construction. 

Third. — Cost  of  furniture  and  fixed  equipment.  ' 

Fourth. — Cost  of  architects',  engineers',  brokers'  and  supervision  services. 

First. — Cost  of  land  and  grading  should  include  the  cost  of  the  site  and  the  necessary  grading  to  place  it  in  con- 
ion  to  receive  the  building.  Should  the  site  be  abnormal  and  require  piling,  filling,  quarrying,  or  other  unusual 
)enditures  to  place  it  in  normal  condition  to  receive  the  building,  such  costs  are  also  to  be  charged  up  against  the 

and  not  the  building. 

Second. — Cost  of  building  should  include  (a)  general  contract  and  any  sub-contracts  pertaining  to  the  general 
istruction  of  the  building,  as,  for  example,  excavating,  masonry,  fireproofing,  steel  construction,  carpentry, 
)inet  work,  sheet  metal  work,  roofing,  painting,  etc. 

(6)  All  contracts  for  electrical  work,  plumbing,  vacuum  cleaning,  sewage  disposal,  heating  and  ventilating, 
ck  systems  blackboards,  elevators,  or  any  other  contract  for  any  part  of  the  building  not  included  above,  neces- 
y  to  complete  the  same,  ready  for  occupancy. 

(c)   Ttie  cost  of  all  site  improvements,  such  as  walks,  drives,  yard  paving,  fencing,  and  landscape  gardening. 

Third. — Cost  of  furniture  and  fi.xed  equipment:  (a)  Should  include  cost  of  all  portable  furnit\ire  and  cabinets;  all 
poratory  and  shop  equipment;  and  all  other  equipment  which  would  not  be  classified  as  "Educational  Supplies." 

(b)  All  decorations,  including  special  painting  or  decoration  of  any  kind  that  may  not  be  included  in  the  gen- 
ii painting  contract.     Hangings,  rugs,  pictures,  casts,  and  other  forms  of  decorations  furnished  at  the  time  of 

occupancy  of  the  building  which  are  not  classified  as  "Educational  Supplies." 

Fourth. — Cost  of  architects',  engineers',  brokers'  and  supervision  services  should  include  the  cost  of  all  plans  and 
cifications,  architects',  engineers',  landscape  gardening  and  supervision  and  all  other  experts'  services  and 
lenses. 

48.  Orientation  of  Building. — In  cities  where  ground  space  is  limited  and  streets  laid  out, 
is  alreadj^  settled  which  way  the  building  will  face.  In  rural  sections  and  on  large  sites  more 
oice  is  possible.  It  is  generally  agreed  that  where  possible  all  rooms  should  have  sunshine 
me  time  during  the  day.  This  can  best  be  done  if  the  building  is  faced  midway  between  the 
rdinal  points.  Otherwise,  the  majority  of  the  rooms  should  face  either  east  or  west.  South- 
1  exposured  is  objectionable  because  the  curtains  have  to  be  lowered  most  of  the  day;  this 
luces  the  light  to  considerable  extent  and  is  otherwise  annoying.  Sunshine  is  not  objection- 
le  in  laboratories,  in  fact  is  quite  desirable;  bilateral  light  in  these  rooms  is  also  satis- 
;tory.  The  pupils  move  around  in  various  positions  and  are  not  confined  to  one  spot,  as 
a  class  room.  This  free  movement  of  the  pupils  in  laboratories  and  shops  permits  them 
adjust  the  light  to  the  work  they  are  doing  and  under  these  circumstances  there  is  no 

jection  to  bilateral  lighting. 

49.  Class  Rooms. — The  unit  of  the  school  is  the  class  room  and  the  building  is  built  prima- 
y  to  accommodate  these  rooms.  Laws  of  different  states  vary  as  to  the  number  of  square  feet 
d  cubic  feet  to  be  allowed  per  pupil  in  class  rooms.     In  Pennsylvania  and  New  York  it  is  15 

ft.  of  floor  space  and  200  cu.  ft.  of  air  space  per  pupil.  In  New  Jersey  it  is  18  sq.  ft.  floor 
ice  and  200  cu.  ft.  air  space.  In  Ohio,  16  sq.  ft.  and  200  cu.  ft.  for  primary  grades,  18  sq.  ft. 
d  225  cu.  ft.  for  intermediate  grades,  and  20  sq.  ft.  and  250  cu.  ft.  for  high  schools.  In  grade 
lools  40  to  42  pupils  are  usually  accommodated  in  a  standard  class  room  while  in  a  high  school 
to  35  pupils  is  the  custom.  The  minimum  height  of  class  rooms  is  usually  placed  at  12  ft. 
New  York  State,  133^^  ft.  is  the  minimum  and  is  arrived  at  by  dividing  15  sq.  ft.  per  pupil  into 
J  required  200  cu.  ft.  per  pupil  which  gives  a  result  of  133^  ft.  Sizes  of  class  rooms  vary 
;htly,  a  room  24  X  30  ft.  accommodating  40  pupils  in  New  Jersey.  A  standard  class  room 
New  York  City  is  24  X  28  ft.;  in  Pittsburgh,  24  X  32  ft.  6  in.;  in  Boston,  23  X  29  ft.  for 
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lower  and  upper  elementary  grades  and  26  X  32  ft.  for  junior  high  schools.  Recitation  roc 
in  Boston  are  made  16  X  26  ft.,  or  one-half  a  class  room.  It  would  seem  that  24  ft.  Is  the  mi 
mum  width  that  can  be  recommended  for  a  class  room,  while  22  or  23  ft.  is  a  more  desira 
width. 

Where  wood  joists  are  used  in  floor  construction,  economy  dictates  it  should  be  planned  so  the  stock  lenj 
of  22,  24,  or  26-ft.  timbers  can  be  used.     A  maximum  length  for  a  class  room  of  not  over  34  ft.  is  good  practice 
rooms  longer  than  this  the  teacher's  voice  reaches  the  last  rows  with  difliculty,  and  scholars  have  trouble  in  reac 
work  placed  on  front  blackboards. 

Unilateral  or  lighting  from  windows  only  on  the  long  side  of  the  room  on  the  left  side  of  the  pupil  is  the  ' 
practice,  and  is  insisted  upon  in  most  states  where  there  are  any  requirements  at  all.  Under  certain  condit 
bilateral  lighting  is  permitted  with  a  minimum  of  light  in  rear  of  room  at  back  of  pupils.  Light  should  neve: 
admitted  through  windows  in  front  of  rooms,  with  children  facing  it.  In  kindergartens,  shops,  playrooms,  g; 
nasiums,  laboratories,  bilateral  lighting  is  permitted.  Window  heads  should  be  kept  close  to  ceiling  so  at 
project  the  light  as  far  across  the  room  as  possible;  it  is  a  good  rule  that  the  width  of  the  room  shall  not  ex< 
1^2  to  twice  the  distance  from  floor  to  head  of  window.  The  net  glass  area,  after  deducting  all  area  occupiec 
frame,  sash,  muntins,  etc.,  should  not  be  less  than  20  %  of  the  floor  area  of  the  space  which  it  illuminates. 

Blackboards  of  slate  J-4  in.  thick  should  be  installed  on  all  available  waU  surfaces.  In  primary  grades 
chalk  trough  is  placed  26  in.  above  the  floor;  in  intermediate  grades  30  in.;  and  in  high  schools  33  in.  Slate  bis 
boards  come  in  stock  widths  of  3  ft.  6  in.,  4  ft.,  and  4  ft.  6  in.  Boards  4  ft.  wide  are  to  be  preferred.  Near  front 
of  rooms  a  bulletin  board  should  be  installed  in  same  frame  as  the  blackboard.  This  is  usually  made  of  cor) 
exhibits  and  notices  can  be  pinned  to  them — size  of  panel  about  4  ft.  high  by  3  to  5  ft.  long. 

Window  openings  on  inside  should  have  trim  omitted  and  plaster  returned  into  jambs  and  heads.  Plain  w 
sill  and  aprons  are  generally  used,  but  slate  or  bull-nosed  glazed  brick  sills  are  very  desirable  so  growing  plants 
be  placed  in  windows,  or  windows  left  open  and  no  varnished  woodwork  to  be  repainted  when  damaged  by  wa 

Floors  should  be  of  maple,  rift  sawn  yellow  pine,  or  other  good  hard  wood  depending  upon  local  conditio! 
plain  wood  base  about  7  in.  high,  with  quarter-round  molding  top  and  bottom.  If  glazed  brick  or  slate  base  cai 
afforded,  it  is  desirable  on  account  of  washing  compounds  used  on  floors  which  eat  off  the  varnish  of  the  wood  b 

A  minimum  amount  of  plain  wood  trim  should  be  used,  either  of  oak,  chestnut,  or  similar  hardwood  depenc' 
upon  locality.  Picture  molding  should  be  used  in  all  rooms  and  corridors.  Combined  bookcase  and  statior 
closet  is  required  in  each  class  room,  also  steel  or  wood  lockers  for  teachers'  wraps.  Special  color  finishes  on  wc 
work  are  to  be  discouraged.  The  raw  wood  should  be  stained  slightly  to  make  it  approximate  the  color  of  "gol 
oak."  This  permits  furniture  of  standard  shade  to  be  purchased  and  match  wood  trim  of  room  and  also  av- 
trouble  later  on  when  any  additional  furniture  is  needed  in  matching  same  with  the  special  color  of  the  finish  in 
room.  Plaster  walls  and  ceilings  should  have  a  smooth  finish;  sand  finished  surfaces  are  not  desirable  for  sanit 
"reasons.     Painting  of  walls  should  be  included  in  the  building  contract. 

One  door  to  corridor  at  teacher's  end  of  the  room  where  it  is  under  control  is  sufficient.  Doors  should  be  J 
2  in.  to  3  ft.  6  in.  wide  and  7  ft.  high  with  small  clear  glazed  panel  in  upper  part.  Door  should  open  out  from  c 
room  into  corridor.     Transoms  are  seldom  used. 

60.  Wardrobes. — Provision  has  to  be  made  to  take  care  of  pupils'  clothing  and  a  distinction  is  usually  m' 
between  wardrobes  and  cloak  rooms.  A  wardrobe  is  a  shallow  closet  and  a  part  of  the  room,  while  a  cloak  room 
separate  room  about  5  to  6  ft.  wide  located  at  one  end  of  the  class  room.  Cloak  rooms  have  been  preferred  ui 
recent  years  when  economy  has  encouraged  the  use  of  the  wardrobe  scheme.  A  saving  in  length  of  a  class  room  v 
of  about  4  ft.  is  accomplished  in  the  use  of  wardrobes,  as  these  occupy  a  width  of  2  ft.  against  o^i  to  6  ft.  for  cl« 
rooms.  This  amounts  to  quite  an  appreciable  saving  in  a  building  4  or  6  class  rooms  in  length.  In  either  the  w» 
robe  or  cloak  room  scheme,  thorough  ventilation  should  be  provided. 

In  schools  operating  on  the  departmental  basis,  where  the  children  change  from  room  to  room,  each  peri- 
individual  steel  lockers  placed  elsewhere  than  in  the  class  rooms  are  usually  provided  for  pupils'  clothing.  Sor 
times  these  lockers  are  placed  in  smgle  large  groups,  one  for  boys  and  one  for  girls,  on  a  lower  story,  but  this  lej 
to  confusion  when  a  great  number  of  pupils  are  dismissed  at  one  time.  A  better  distribution  of  lockers  is  to  loc 
them  on  each  floor  in  alcoves  off  the  corridors  having  outside  light.  Another  scheme  often  used  is  to  distribute 
lockers  along  each  wall  of  the  corridors  on  tne  various  floors,  setting  them  in  flush  with  the  furred  plaster  walls  abo 

51.  Corridors. —  Width. — Minimum  8  ft.  where  serving  four  class  rooms,  10  to  12  ft.  wide  where  more  cl 
rooms  are  taken  care  of.  Width  of  corridor  increases  m  proportion  to  its  length  and  distance  between  staircas 
Where  staircases  occur  at  ends  of  corridor,  10  ft.  is  the  minimum  width.  Some  authorities  recommend  extreme 
wide  corridors  up  to  14  to  16  ft.  There  is  no  objection  to  this;  in  fact,  it  is  desirable  if  it  can  be  afforded.  A  comp 
mise  plan  is  to  make  the  side  corridors  the  minimum  width,  with  a  front  corridor  12  or  14  ft.  wide  that  can  be  us 
for  various  purposes,  such  as  exhibition  space,  reception  hall,  etc.  High  school  corridors  should  be  wider  than  the 
in  grade  schools,  so  as  to  afford  proper  room  for  circulation,  as  the  high  school  classes  change  and  pupils  move 
different  directions  every  40  min. 

Lifiht. —  Direct  outside  light  and  air  are  desirable,  at  least  enough  so  that  no  artificial  light  -will  be  required  unc 
ordinary  conditions. 

Floors.- — May  be  wood,  asphalt,  cement,  terrazzo,  tile,  heavy  linoleum  glued  down,  composition,  or  any  niai 
rial  that  will  withstand  heavy  wear  and  that  is  non-slipping,  noiseless,  and  sanitary. 

Wainscoting. — The  lower  part  of  plaster  walls  gets  excessively  heavy  wear,  a  protective  wainscoting  of  sot 
kind  is  desirable,  may  be  glazed  brick  or  tile,  or  the  cement  or  composition  floor  continued  up  the  side  waU.s-     Fab' 


}ec.  4-52]  GENERAL  DESIGNING  DATA  769 

lued  to  the  walls  is  not  satisfactory  on  account  of  tendency  to  peel  up  at  joints.     Wood  should  not  be  used  on  ac- 
ount  of  fire  hazard. 

62.  Stairways. — Location. — Should  be  properly  distributed  in  order  to  serve  equally  all  parts  of  building. 
\^here  located  at  ends  of  corridors,  have  the  advantage  of  being  always  in  sight  and  saving  space  in  building.  Stairs 
hould  lead  directly  to  an  exit  outdoors  without  the  necessity  of  passing  through  any  portion  of  the  building  to  reach 
n  exit. 

Number. — Laws  of  different  states  vary.  Two  staircases  are  sufficient  when  there  are  not  more  than  eight  class 
ooms  on  second  and  third  floors.  Building  with  nine  or  more  rooms  on  upper  floors  should  have  three  or  more  stair- 
ases  depending  upon  size  of  building.  Another  rule  is  sufficient  stairs  to  empty  building  within  3  min.,  counting 
bat  120  pupils  can  pass  a  given  point  two  abreast  in  1  min. 

Width. — Should  be  sufficient  for  two  pupils  walking  side  by  side,  but  too  narrow  for  three.  Ordinarily  4  to  5 
wide  for  each  run.  Wider  stairs  should  be  at  least  8  ft.  wide  for  each  run  with  handrail  down  center  made 
ontinuous  around  landings. 

Construction. — Should  themselves  be  fireproof  if  possible,  even  in  frame  buildings,  and  always  enclosed  in  fire- 
roof  walls  with  smoke  screens  separating  them  from  the  corridor.  May  be  iron  with  slate  or  other  treads,  or  re- 
iforced  concrete  with  iron  safety  treads.  High  balustrades  at  center  between  runs,  open  if  iron  or  solid  if  concrete, 
landrails  both  sides  of  all  runs.  Stairs  should  have  two  runs  to  each  story,  with  landing  in  center  and  one  flight 
iturning  on  the  other.  Rise  of  steps  should  be  6  to  7  in.  No  winders  permitted.  Where  boys'  and  girls'  toilets 
re  located  in  basement,  two  staircases  shall  extend  to  basement.  No  closets  for  storage  purposes  permitted  under 
cairs.  Where  small  differences  in  levels  occur  between  different  portions  of  building,  an  inclined  plane  or  ramp 
lould  be  used  instead  of  a  few  steps.  At  bottom  of  stairs  should  be  a  vestibule  between  it  and  the  outside  air. 
estibule  provided  with  heat  to  prevent  cold  outside  air  from  coming  directly  into  staircase  enclosure  and  making 
mperature  in  same  appreciably  different  from  temperature  in  corridor.  Other  special  types  of  staircases  are  used, 
ich  as  the  duplex  stairs  in  New  York  City,  and  the  smoke-proof  factory  tower  used  in  Philadelphia. 

63.  Toilet  Rooms. — Location. — In  grade  schools,  principally  on  lower  floor  accessible  from  indoor  playroom  and 
utdoor  playgrounds.  Also  desirable  to  have  minor  emergency  toilets  on  upper  floors.  In  high  schools  where 
asses  change  every  40  min.,  toilets  are  best  distributed  throughout  the  building,  where  they  are  easily  accessible 
hen  classes  change. 

Number  of  Fixtures. — Opinions  differ  aa  to  correct  number  of  fixtures  for  a  given  number  of  pupils.  The  ten- 
ency  is  to  install  too  many  fixtures,  rather  than  too  few,  with  a  corresponding  waste  of  money.  Good  practice 
sems  to  dictate  one  water  closet  to  each  25  boys  and  one  urinal  to  every  25  boys.  For  girls,  one  water  closet 
)  every  25.     Two  or  three  lavatories  for  each  toilet  room  depending  upon  the  size. 

Type  of  Fixture. — Water  closets  should  be  seat  action,  and  as  near  "fool  proof"  as  possible.  Open  front  seats 
scommended.  Individual  porcelain  urinals  preferred  to  slate  or  soapstone.  Urinal  flushed  automatically  from 
mk  and  turned  off  at  night.     Continuous-range  water  closet  and  trough  urinals  should  not  be  used. 

Floors. — Some  non-absorbent  materials  such  as  cement,  asphalt,  or  tile.  Also  desirable  to  wainscot  room,  with 
rick,  tile,  or  cement. 

Lighting. — -Plenty  of  light  and  air  are  essential  and  more  important  than  in  many  other  rooms. 

64.  Kindergartens. — Location. — On  lowest  class  room  story,  corner  room  with  southern  exposure  preferred, 
[lateral  lighting  permitted. 

Size. —  Larger  than  a  regular  class  room  and  equal  to  an  area  of  1000  to  1500  sq.  ft.  Often  arranged  so  it  can 
s  divided  into  several  smaller  rooms  with  folding  doors  so  class  can  be  separated  into  small  units. 

Design  and  Equipment. — Usually  made  more  attractive  than  a  class  room,  walls  paneled  with  high  wainscot, 
laeter  walls  above  painted  and  stenciled  and  often  decorated  with  nursery  scenes.  Fireplace  sometimes  installed 
;  one  end  of  room.  Plaster  casts  and  pictures  of  juvenile  subjects  hung  on  walls.  Flower  boxes  placed  in  windows. 
o  give  greater  area  to  room,  a  bay  window  is  often  installed,  in  which  is  located  a  low-down  window  seat.  A  sepa- 
ite  entrance  is  desirable,  as  the  kindergarten  should  be  a  separate  unit  in  itself  so  that  the  small  children  have  no 
ason  to  go  into  the  main  part  of  building,  either  for  entrance,  dismissal,  or  otherwise.  It  should  have  its  own 
ardrobe  and  toilet  room  fitted  up  with  juvenile-size  fixtures,  also  wardrobe  space  for  two  or  three  teachers.  A 
•inking  fountain,  set  down  low  so  it  can  easily  be  reached,  should  be  located  in  room.  Plenty  of  storage  space  in 
osets  or  lockers  should  be  provided  for  toys  and  material.  Little  blackboard  space  is  necessary,  but  cork  display 
lards  for  tacking  up  exhibits  should  be  plentiful. 

65.  Gymnasiums. — Many  states  have  enacted  physical  training  and  military  training  laws  and  are  requiring 
structions  in  same  as  part  of  the  course  of  study  in  the  school.  This  makes  necessary  large  gymnasiums  and  play- 
ounds  for  drill  and  exercise  purposes. 

Location. — The  gymnasium  can  be  located  on  either  the  ground  floor  or  the  upper  story,  the  ground  floor  having 
,e  preference,  because  it  has  direct  access  to  the  playground  and  can  also  be  used  more  conveniently  at  night  for 
immunity  purposes.  Locating  the  gymnasium  in  excavated  space  under  tfte  auditorium  or  at  the  bottom  of  a 
:ht  court  with  only  skylights  for  light  and  air  is  to  be  discouraged.  The  purpose  of  a  gymnasium  is  for  instruction 
physical  training  and  proper  hygiene.  It  sliould,  therefore,  be  bright  and  airy  with  large  windows  on  at  least  two 
les  and  on  three  sides  if  possible.  The  walls  of  the  room  should  be  kept  free  of  projections  and  with  radiators  in 
cesses  protected  with  heavy  wire  screens. 

Size.- — In  nigh  schools  it  should  be  large  enough  to  be  used  by  the  community  at  night  for  playing  basketball. 

e  minimum  size  of  a  basketball  court  is  35  X  60  ft.  while  the  maximum  size  is  50  X  00  ft.     At  least  3  ft.  should 
:  allowed  on  all  sides  of  the  court.     If  companies  of  pupils  drill  in  the  gymnasium,  it  should  be  at  least  50  X  70 

in  size  or  larger.     In  high  schools  of  800  or  more  pupils,  one  gymnasium  is  not  sufficient  to  take  care  of  all 
.sees.     In  this  case,  economy  can  be  effected  by  providing  an  additional  exercise  room.     This  room  can  be  the 
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area  of  about  two  class  rooms  and  can  be  used  efficiently  for  aU  ordinary  purposes.     The  large  gymnasium  can  k 
used  by  the  boys  and  girls  alternately  or  at  such  times  as  they  have  basketball  games  or  other  special  exercise 

Equipment. — In  the  larger  gymnasiums,  running  tracks  are  sometimes  installed,  but  the  tendency  is  to  do  a 
the  running  possible  in  the  open  air.     Galleries  are  provided  for  spectators  to  watch  the  interscholastic  games. 

Height. — The  height  of  the  room  should  not  be  less  than  18  ft.  nor  more  than  25  ft.  If  lower  than  18  ft.,  there 
not  sufficient  swing  for  the  flying  rings.  If  higher  than  25  ft.,  the  supports  for  these  rings  must  be  hung  down  to  th 
level. 

Floor. — -A  maple  wood  floor  is  practically  always  installed  in  a  gymnasium. 

Minor  Room.'i. — Off  the  gymnasium  should  be  located  the  Physical  Director's  office  and  also  the  boys'  an 
girls'  locker  rooms,  toilets,  and  shower  rooms.  A  drinking  fountain  should  be  installed  to  avoid  the  necessity  i 
pupils  going  out  of  the  room  for  water.  A  room  should  be  provided  to  store  apparatus  when  it  is  desired  to  cles 
the  floor  for  basket  ball,  a  dance,  or  other  purposes. 

56.  Swimming  Pools. — The  importance  of  everyone  knowing  how  to  swim  is  becoming  more  and  more  realize 
as  time  goes  on  and  made  part  of  the  high  school  curriculum.  It  is  only  the  high  cost  of  installation  and  maint< 
nance  that  prevents  the  more  universal  use  of  this  item  of  education. 

Location. — On  lower  floor. 

Construction. — Should  be  built  in  the  most  sanitary  way,  using  impervious  tile  or  glazed  brick.  It  takes  coi 
stant  care  and  attention  to  keep  a  swimming  pool  sanitary  under  the  best  conditions,  so  that  pools  built  of  cemei 
or  any  absorbent  material  should  be  avoided. 

Size. — ^The  length  of  the  pool  should  be  45,  60,  or  75  ft.,  or  in  any  case  a  multiple  of  3  ft.,  as  swimming  contes 
are  always  measured  by  yards.  The  pool  need  not  be  very  wide,  especially  for  beginners,  who  are  more  eaei! 
reached  in  case  of  need  in  a  narrow  pool,  the  width  being  usually  from  20  to  25  ft.  The  desirable  size  pool  for 
high  school  is  at  least  20  X  60  ft.  The  depth  of  the  pool  at  the  shallow  end  averages  3  ft.  6  in.,  while  at  the  de« 
dnd  about  S  ft. 

Minor  Rooms. — In  connection  with  the  pool  should  be  the  locker  and  dressing  rooms  with  their  shower  batb 
toilets,  towel  supply  room  equipped  with  laundry  tubs. 

Temperature,  Light,  Etc. — The  pool  room  should  have  plenty  of  natural  light  and  ventilation  and  should  1 
kept  warmer  than  the  ordinary  class  room.  It  must  be  remembered  that  many  of  the  children  using  tl 
pool  are  undernourisned,  and  the  temperature  of  the  water  should  average  around  74  to  76  deg.  or  more  to  avo 
discomfort. 

Equipment. — The  pool  niust  be  equipped  with  heater  to  keep  the  water  in  the  pool  at  the  proper  temperatutl 
a  pump  to  circulate  the  water,  and  a  filter  and  sterilizer  to  purify  the  water.  As  the  pool  has  a  capacity  of  50,0fr 
to  60,000  gal.,  it  necessarily  cannot  be  emptied  except  occasionally;  the  average  seems  to  be  once  per  week  whe 
the  pool  is  being  used  to  any  great  extent.  It  usually  takes  about  24  hr.  to  fill  the  pool  and  to  bring  the  water  i 
to  the  proper  temperature. 

57.  Library. — It  should  be  decided  whether  the  library  is  to  be  for  the  school  only,  or  a  circulating  library  rt 
in  cooperation  with  the  central  public  library  serving  a  community  purpose. 

Location. — If  for  the  school  only,  it  can  best  be  located  at  some  central  point  in  the  building  near  Study  Hat 
If  for  community  purposes,  it  must  be  located  on  the  ground  floor  near  an  entrance,  as  to  be  of  the  most  use, 
will  have  to  be  open  at  times  when  the  school  is  closed. 

Size. — The  tendency  is  to  give  more  space  to  the  library  and  to  require  the  pupil  to  get  familiar  with  its  prop 
use.  Not  less  than  1000  to  2000  sq.  ft.,  depending  upon  size  of  school  and  number  of  books  in  library.  A  librarit 
is  usually  at  hand  to  give  assistance  and  very  often  a  stock  room  and  work  room  are  also  included. 

Equipment. — Bookcases,  reading  tables,  and  chairs,  magazine  racks,  card  catalogs,  librarian's  desk.  TF 
room  should  be  made  attractive  and  given  a  library  atmosphere. 

68.  Auditorium. — Location. — It  should  be  centrally  located  and  made  accessible  not  only  to  the  pupils,  but 
the  general  public. 

Size. — In  high  schools  it  should  accommodate  the  entire  student  body  at  one  sitting,  while  in  grade  schoolBi 
may  or  may  not  accommodate  the  entire  school,  often  }-2  to  ?3  of  the  pupils  will  be  sufficient,  as  the  younger  pupt 
are  not  usually  brought  into  the  auditorium  at  the  same  time  as  the  older  ones. 

The  seating  capacity  may  be  determined  by  dividing  the  area  of  the  room  in  square  feet,  not  including  tl 
stage,  by  6H  sq.  ft.  for  each  person,  which  includes  the  necessary  aisles.  Seats  are  usually  19  or  20  in.  wide  sl 
spaced  at  least  30  in.  back  to  back.  Width  of  aisles  is  3  ft.  at  their  narrowest  part  and  increased  towards  rear  : 
the  rate  of  lJ-2  in.  for  every  5  ft.  in  length. 

Equipment. — Provision  should  be  made  for  stage  curtain  and  scenery  for  school  and  communitj-  plays.  Tl 
stage  should  be  liberal  in  size  to  take  care  of  large  graduating  classes,  community  chorus,  or  orchestra,  and  shoul 
be  accessible  from  the  rear  for  the  speakers  and  players  without  the  necessity  of  their  passing  through  the  audienc 
An  electric  plug  should  be  installed  for  stereopticon  and  moving  picture  lantern,  a  mo\'ing  picture  booth  and 
stereopticon  curtain.     Arrangements  should  be  made  for  darkening  the  auditorium  in  the  daytime. 

Where  the  auditorium  is  used  for  study,  lecture,  or  recitation  purposes,  several  rows  of  seats  in  front  shou] 
be  provided  with  folding  tablet  arms  so  pupils  can  take  notes  or  write.  Every  other  seat  should  be  thus  equippw 
leaving  the  intermediate  seats  for  the  pupils'  books,  etc. 

Where  the  corridor  extends  along  either  side  of  the  auditorium,  openings  can  be  cut  through  the  wall  and  ser\ 
as  an  overflow  space  for  the  audience  during  commencement  and  other  times.  These  openings  should  be  close 
with  obscure  glass  windows  so  that  the  auditorium  can  be  used  and  view  from  corridors  cut  off  when  desired. 

69.  Chemical  Laboratory. — I/ocation.— Usually  on  top  floor,  corner  room,  bilateral  lighting. 
Size. — Area  of  1200  to  1500  sq.  ft.  for  large  schools. 
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Equipment. — Three  long  chemistry  tables  accommodating  four  pupils  on  each  side,  or  total  of  24  pupils.  Fume 
loods  with  special  ventilation,  and  chemical  storage  closets  against  walls.  Gas  and  water  connection  at  tables  for 
ach  pupil,  also  sinks  at  ends  of  table  and  against  walls.  Electric  connection  to  each  table.  Blackboard  and  cork 
lisplay  board. 

In  connection  with  chemical  laboratory  should  be  a  small  instructor's  office,  a  chemical  stock  room,  and  a  prep- 
iration  room. 

60.  Physical  Laboratory. — Location. — Usually  top  floor  and  adjoining  chemical  laboratory. 
Size.— 1200  to  1500  sq.  ft.  for  large  schools. 
Equipment. — -Six  physical  laboratory  tables  accommodating  two  pupils  on  each  side,  total  of  24  pupils.      Elec- 

ric  and  gas  connections  at  table  for  each  pupil.  Provision  for  difTerent  kinds  and  voltage  of  electricity  at  each  tabic 
isually  obtained  through  motor  generator,  set,  and  switchboard  with  proper  instruments.  Closets  for  instruments 
ind  equipment. 

A  store  room  for  apparatus,  a  preparation  room,  and  a  photographic  dark  room  equipped  with  sink,  should 
idjoin  and  be  part  of  the  physical  laboratory. 

61.  Combined  Physical  and  Chemical  Laboratories. — In  schools  where  classes  are  small  it  is  possible  to  coni- 
)ine  the  physical  and  chemical  laboratories  by  equipping  with  combination  furniture.     At  one  end  of  room  can  also 

e  placed  an  instructor's  demonstrating  table  with  tablet  arm  chairs  in  front  of  same,  thus  eliminating  the  science 
ecture  room. 

62.  Science  Lecture  Room. — Location. — Adjoining  or  between  chemical  and  physical  laboratories. 
Size. —  Depending  upon  number  of  pupils  in  science  department,  usually  large  enough  to  seat  two  classes. 
Equipment. — Tablet  arm  chairs  on  raised  platforms,  instructor's  demonstrating  table  in  front  of  room,  with 

vater,  gas,  and  electric  connections,  fume  hoods,  stock  cabinet  and  blackboard  back  of  demonstrating  table,  stereop- 
icon  electric  outlet  and  stereopticon  screen,  also  provision  for  darkening  room  in  daytime. 

63.  Biological  Laboratory. — Location. — -Adjoining  other  laboratories  on  upper  floors  unilateral  or  bilateral 
ighting  with  one  side  southern  exposure  if  possible. 

Size. — Area  of  about  1200  to  1500  sq.  ft.  and  accommodating  24  pupils. 

Equipment. — Flat  top  tables  and  chairs,  large  soapstone  sink,  aquarium,  exhibition  and  storage  oases,  instruc- 
or's  demonstrating  table  in  front  of  room.  If  school  has  a  conservatory,  it  is  located  in  connection  with  this 
iboratory. 

64.  Bookkeeping  Room. — Location. — No  special  requirements. 

Size. — Equal  in  area  to  1200  sq.  ft.  or  more,  depending  upon  number  of  pupils  to  be  accommodated. 

Equipment. — Individual  bookkeeping  or  commercial  desks  for  each  pupil,  store  closets  for  stationery,  school 
lank  enclosure  located  at  one  end  of  room. 

66.  Typewriting  Room. — Location. — Connecting  with  bookkeeping  room. 

Size. — About  same  size  as  bookkeeping  room. 

Equipment. — Individual  typewriting  desk  for  each  pupil,  cases  or  closets  for  storing  stationery,  wash  basin  for 
cashing  up  after  changing  typewriter  ribbon  or  cleaning  machine. 

66.  Stenography  Room. — Location. — Between  and  connecting  with  bookkeeping  and  typewriting  rooms. 
Size. — Same  as  a  recitation  room,  or  one-half  to  two-thirds  of  a  class  room  unit. 
Equipment. — Tablet  arm  chairs  for  pupils.     Clear  glass  partition  between  this  room  and  typewriting  room  so 

eacher  can  teach  class  in  stenography  and  at  same  time  supervise  pupils  practicing  on  typewriters.  Commercial 
.rithmetic,  business  law  and  customs,  etc.,  also  taught  in  this  room. 

67.  Cooking  Room. — Location. —  Upper  floors  preferred  although  often  placed  elsewhere.  Southern  exposure. 
Vlay  have  bilateral  lighting  if  a  corner  room. 

Size. — May  consist  of  one  room  where  all  grades  are  taught,  or  two  rooms — one  for  elementary  cooking  and 
ne  for  advanced  work,  usually  accommodates  24  pupils  at  one  time  and  should  not  be  less  in  area  than  1200  to 
.500  sq.  ft. 

Equipment. — Flat  tables  with  small  individual  gas  stoves  on  top,  or  family  size  gas  ranges,  sinks,  tables  and 
upboards  when  operated  on  the  "unit"  plan.  Wardrobe  for  keeping  pupils'  caps  and  aprons,  dressers,  sinks,  ice 
lox,  hot  and  cold  water  supply,  pair  of  laundry  tubs  for  washing  out  tea  towels,  etc.,  also  storage  closet.  Special 
ittention  given  to  ventilation  of  room. 

68.  Model  Apartment. — Location. — Connection  with  cooking  room. 

Size. — May  consist  of  only  a  dining  room  or  in  more  elaborate  building,  a  complete  apartment  consisting  of 
led  room,  bath  room,  kitchen,  and  living  room.  Should  be  of  similar  sizes  and  arrangement  to  rooms  found  in 
lupils'  homes. 

Equipment. — Furnished  complete  same  as  rooms  in  private  dwelling. 

69.  Sewing  Room. — Location. — Preferably  adjacent  to  cooking  room. 

Size. — Equal  in  area  to  1200  or  1500  sq.  ft.  depending  on  number  of  pupils. 

EquipTnent. — Flat  top  sewing  and  cutting  tables,  usually  accommodating  24  pupils;  sewing  machines,  wash 
lasin,  pressing  tables  and  electric  irons,  cabinet  with  individual  drawers  for  pupils'  unfinished  work.  Curtained 
iff  alcove,  or  small  room  to  be  used  as  a  Fitting  Room. 

70.  Laundry. — Location. — In  connection  with  other  rooms  of  household  arts  department. 
Size. — Equal  in  area  to  750  to  1200  sq.  ft. 

Equipment. — Laundry  tubs,  steam  clothes  drier,  ironing  board,  and  electric  irons. 

71.  Lunch  Room  and  Kitchen. — Location. — May  be  on  lower  or  upper  floor  adjoining  household  arts 
lepartment. 

Size. — Depends  on  number  of  pupils  to  be  accommodated  at  one  time.     Allow  10  sq.  ft.  per  sitting  in  lunch  room. 
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Equipment. — Operated  on  "Cafeteria"  or  " Self-service"  plan.  Flat  top  lunch  tables  seating  4  to  8  each,  serv 
ing  counter  at  one  end  of  room.  Kitchen  in  connection  with  this  room  to  be  of  size  and  equipment  sufficient  t 
take  care  of  number  of  meals  served. 

There  is  a  tendency  toward  the  use  of  the  lunch  room  for  other  school  purposes.  A  lunch  room  of  considerabl 
size,  which  is  used  only  an  hour  and  a  half  or  so  each  day  is  rather  expensive.  Where  economy  is  necessary  am 
adequate  light  available,  and  where  the  kitchen  and  serving  counters  are  properly  closed  off  from  the  main  room 
the  lunch  room  space  with  its  flat  tables  can  be  used  for  miscellaneous  school  purposes,  such  as  additional  stud; 
space,  recitations,  miscellaneous  conferences,  etc. 

72.  Study  Rooms. — Purpose. — Occurring  in  high  schools  which  are  run  on  departmental  plan  and  are  to  accom 
modate  pupils  having  no  recitation  during  a  certain  period  and  whose  home  class  room  is  occupied  by  another  das 
at  recitation. 

Location. — Central  and  easily  accessible  from  all  parts  of  building. 

Size. — Accommodating  35  to  100  or  more  pupils  depending  upon  size  of  school. 

Equipment. — Pupils'  desks  like  those  used  in  standard  class  rooms. 

73.  Music  Department. — Location. — Should  be  isolated  so  noise  of  practising  will  not  disturb  pupils  at  recita 
tion  or  study. 

Size. — May  be  several  rooms,  for  choral  work,  orchestra,  band,  with  several  practice  rooms,  depending  on  ho 
comprehensive  a  music  course  has  been  developed. 

Equipment. — Ordinary  class  room  with  chairs  and  music  racks,  blackboard  for  writing  music,  piano,  and  storag 
cases  for  music  and  instruments. 

74.  Bicycle  Room. — Location. — On  lower  floor  with  incline  leading  to  entrance  door  from  outside,  near  locke 
rooms  if  sucti  are  included  in  building  plan. 

Size. — -Depends  upon  probable  number  of  bicycles  used  by  pupils. 

Equipment. — Racks  against  wall  and  elsewhere  in  order  to  accommodate  as  many  bicycles  as  possible. 

75.  Store-  and  Book  Rooms. — Location. — Witnin  easy  access  of  principal's  office,  stock  closet  in  principal 
office  for  day-to-day  supply,  while  store-  and  book  room  accommodates  bulk  supplies. 

76.  Teacher's  Rooms. — Location. — Easily  accessible. 
Size. — About  one-half  a  class  room  in  area. 

Equipment. — Comfortable,  furnished  like  a  sitting  room,  with  table,  chairs,  rug,  couch,  etc.,  also  toilet  rooi 
connected.  Gas  outlet  for  stove,  dresser  for  dishes,  and  provision  make  so  teachers  can  nave  hot  lunch.  Individu: 
steel  lockers  for  teachers'  cloaks,  unless  provision  is  made  to  care  for  same  in  class  room. 

77.  Medical  Inspection  Room. — Location. — Adjoining  or  near  principal's  office. 
Size. — -Area  of  about  300  sq.  ft.  divided  into  waiting  room  and  office. 

Equipment. — Flat  top  desk,  chairs,  scales,  wash  basin,  toilet,  first  aid  cabinet,  and  small  stock  closet.  Wal 
and  woodwork,  enamel,  painted  white. 

78.  Dental  Clinic  Room. — Location. — Near  medical  inspection  room  and  near  minor  entrance  to  building 
used  by  pupils  from  other  schools. 

Size. — Area  of  about  300  to  400  sq.  ft.  divided  into  waiting  room  and  office. 

Equipment. — Dental  chair,  instrument  and  medical  cabinet,  wash  stand,  desk,  chairs.  Wall  and  woodworl 
enamel,  painted  white. 

79.  Manual  Training  Rooms  (Woodwork). — Location\ — In  basement  or  on  lowest  floor,  corner  room  preferre 
with  bilateral  lighting. 

Size. — Area  about  1200  to  1500  sq.  ft. 

Equipment. — Usually  24  work  benches,  large  soapstone  sink,  gas  outlet  for  glue  pot,  blackboard  and  cork  di» 
play  board,  raised  bank  of  seats  for  demonstration  purposes,  small  room  or  rack  for  wood  stock,  small  lockup  rooi 
or  closet  for  tools,  etc.,  teachers'  closet,  floors  of  wood,  ceiling  plastered,  walls  plastered  or  exposed  brick  paintec 

80.  Open-air  Class  Room. — Location. — On  top  floor  of  building,  preferably  a  corner  room,  with  windows  o 
two  sides.  Sometimes  adjoining  roof  which  is  used  as  a  play,  rest,  or  study  space,  and  covered  with  awning  i 
summer. 

Size  and  Equipment. — About  750  to  1000  sq.  ft.  area  with  adjoining  closets  for  storage  of  reclining  chairs  an 
blankets,  small  toilets  for  both  sexes.  Also  small  room  used  as  diet  kitchen,  with  refrigerator,  sink,  gas  stove,  an 
cupboards.  Windows  arranged  to  open  100  %  and  room  protected  from  driving  rains,  while  windows  still  remai 
open.      Desirable  to  arrange  heat  and  ventilation  so  room  may  be  used  for  regular  class  room  if  desired. 

81.  Administration  Offices. 

81a.   Board  of  Education  Room. — Location. — Nearby  and  easily  accessible  from  secretary's  office  an 
superintendent  of  school's  office  on  main  floors  of  building  near  entrance. 

Size. —  Depends  upon  number  of  members  of  Board,  size  of  school  system,  and  amount  of  room  available. 
Equipment. — Long  board  table  and  chairs,  also  chairs  for  public,  and  newspaper  representatives.     Toilet  rooi 
accessible  and  provisions  for  taking  care  of  members'  cloalis. 

81b.   Superintendent  of  School's  Office. — Location. — Near  main  entrance  and  Board  of  Educatio 
room. 

Size. — Depends  upon  size  of  school  system.     Should  be  an  outer  or  clerk's  office,  and  inner  private  office 
Board  of  Education  room  sometimes  serves  as  superintendent's  private  office  as  well  as  Board  room. 
Equipment. — Fitted  up  with  office  furniture. 

81r.   Secretary  of  Board  of  Education. — Location. —  Near  superintendent's  office  and  Board  room 
also  near  main  entrance. 

Size. — Depends  upon  size  of  school  system  and  may  or  may  not  have  both  public  and  private  offices. 
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Equipment. — Fitted  up  with  office  furniture  including  a  large  safe  or  built-in  fireproof  vault  for  records. 

81d.   Principal's  Office. — Location. — Near  visitors'  entrance  to  building  on  main  floor. 
Size. — Area  of  300  to  400  sq.  ft.  and  sliould  have  an  outer  or  public  space,  and  an  inner  private  office. 
Equipment. — Fitted  up  with  office  furniture,  also  ample  supply  closets  and  toilet  facilities. 
Provision  should  also  be  made  for  night  school  principal  and  truant  Officer. 

82.  Rest  or  Hospital  Room. — Location. — Some  secluded  and  quiet  place.  Also  advantage  to  have  near  teach- 
■s'  room. 

Size. — -About  300  sq.  ft.  area. 

Equipment. — Chairs,  table,  couch,  medicine  cabinet,  toilet  facilities. 

83.  Playgrounds. — Larger  play  space  is  being  insisted  upon.  Space  around  building  should  not  be  less  than 
)0  sq.  ft.  for  each  pupil  accommodated  in  the  building.  Surface  should  be  of  rolled  clay  and  sand  mixed,  which 
ill  drain  quickly  and  easily  after  a  rain  and  not  be  muddy.     Proper  playground  equipment  is  desirable. 

84.  School  Gardens. — Adjoining  the  playground  should  be  space  for  a  school  garden,  laid  off  in  plots  for  each 
ass  and  pupil.  If  we  are  to  make  our  future  citizens  appreciate  the  farm  and  its  importance,  we  must  stir  up  the 
ipil's  interest  in  growing  things  by  the  actual  experience  of  having  part  in  raising  something  with  his  own  hands. 

85.  Flagpole. —  State  laws  require  generally  that  an  American  flag  shall  be  displayed  on  a  proper  flagpole  when 
hool  is  in  session  and  on  legal  holidays.  The  flagpole  is  therefore  usually  included  in  the  building  contract.  It 
better  located  on  the  school  grounds  rather  than  out  of  a  window  or  on  top  of  the  buildings  where  it  is  bothersome 

get  at.  On  the  ground  it  can  be  used  as  a  rallying  point,  and  at  certain  times  the  entire  school  lined  up  around 
to  salute  the  flag.  The  flagpole  can  be  given  a  little  dignity  by  a  proper  base  of  iron  and  concrete  seat  around 
me,  rather  than  simply  embedding  it  in  the  ground.  Flagpoles  are  usually  of  wood,  40,  50,  60  or  more  ft.  in 
ight.  Steel  flagpoles  are  used  in  some  cities  with  success,  but  care  should  be  exercised  to  give  them  some  diam- 
er  and  not  have  them  look  like  pipe  stems. 

86.  Fireproof,  Semi-fireproof,  Fire  Protection. — Needless  to  say,  every  effort  should  be  made  to  have  our  new 
hools  fireproof.     Semi-fireproof  usually  means  masonry  outside  walls  and  corridor  walls,  with  fireproof  floors 

corridors,  over  boiler  and  manual  training  rooms,  and  fireproof  stairs.  The  floor  construction  in  class  rooms 
d  roof  construction  are  in  this  case  of  heavy  timber.  The  first  essential  is  the  safety  of  the  life  and  limbs  of  the 
ildren.  To  this  extent  the  semi-fireproof  building  is  practically  as  safe  as  a  fireproof  one,  inasmuch  as  a  school 
ilding  can  be  emptied  within  2  min.  if  properly  designed  and  frequent  fire  drills  are  held.  There  is  an  economic 
IS  in  a  fire,  that  we  should  try  to  eliminate,  and  fireproof  buildings  at  slightly  higher  cost  will  accomplish  this  and 

the  same  time  cost  less  for  maintenance  and  insurance.  All  schools  should  be  equipped  with  fire  alarms,  fire 
uidpipes  and  hose,  also  chemical  fire  extinguisher,  all  of  which  should  be  frequently  inspected  and  kept  in  good 
irking  condition. 

87.  Equipment  Layout. — In  connection  with  all  the  special  rooms  in  a  school,  the  equipment  and  furniture  should 
carefully  laid  out  to  scale  as  the  plans  are  drawn.  These  equipment  layouts  for  the  special  rooms  should  be  made 
consultation  with  the  superintendent  of  schools  and  the  heads  of  the  various  departments  interested.  Only 
this  way  can  rooms  of  proper  size  be  provided  and  the  outlets  for  plumbing  and  electrical  work,  etc.,  be  properly 
;ated. 

83.  Future  Enlargements. — Provision  for  future  enlargements  of  the  school  building  should  be  planned  at  the 
ne  the  original  drawings  are  made  and  arranged  so  that  a  minimum  amount  of  changes  will  have  to  be  made  when 
3  enlargement  is  constructed.  Special  attention  should  be  given  the  boiler  room,  where  space  should  be  provided 
■  extra  boilers  and  other  mechanical  equipment  in  the  original  building. 

89.  Standardization. — Most  cities  where  an  architectural  department  is  maintained  to  design  all  the  schools, 
where  schools  are  constantly  being  built,  have  standardized  their  requirements  and  embodied  them  in  book 
m  for  use  in  designing  future  building.     The  standards  of  Boston,  New  York,  and  Pittsburgh  are  examples. 

In  order  to  determine  upon  school  building  standards  which  were  acceptable  to  the  country  generally,  outside 
fill'  large  cities,  the  National  Education  Association  had  a  Committee  on  School  House  Planning  prepare  a  report 
l'.)25.  This  report  can  be  obtained  at  the  National  Education  Association's  headquarters  in  Washington,  D.  C, 
il  contains  many  interesting  facts. 

OFFICE  BUILDINGS— ECONOMICAL  PLANNING  AND  GENERAL  DESIGN 

By  Frederick  Johnck 

90.  Statement  of  the  Problem. — The  planning  of  an  office  building  is  entirely  a  problem  of 
!iuring  a  sufficient  amount  of  good  light  floor  space  on  the  site  selected  so  that  the  net  income 
'11  be  large  enough  to  make  the  investment  on  the  land  and  building  profitable  to  the  owner, 
le  plan  must  be  such  that  the  space  can  be  divided  into  small  or  large  offices  to  meet  the 
nants'  requirements.  To  make  this  possible  the  elevators,  smokestack,  pipe  and  wire  shafts, 
;  d  stairs  are  generally  arranged  along  a  dead  or  alley  wall  so  as  not  to  use  good  light  space  that 
I  '1  be  more  profitably  used  for  offices.  A  very  determining  point  in  the  location  of  the  elevators, 
uirs,  etc.,  is  the  entrance  from  the  street.  While  it  may  be  to  the  advantage  of  the  offices  to 
( ter  the  building  on  the  main  street,  it  must  be  borne  in  mind  that  space  thus  taken  for  vesti- 
1  le  and  corridors  has  a  very  high  rental  value  as  store  space.     In  considering  the  plan,  it  is 
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quite  safe  to  say  that  the  rental  space  in  the  basement  and  in  the  first  and  second  floors  will  b 
used  for  stores,  a  bank,  or  by  an  insurance  company.  The  rental  of  these  three  floors  shoul 
be  enough  to  carry  the  investment. 

In  regard  to  the  number  and  size  of  elevators  to  be  installed,  see  chapter  on  "Elevators 
in  Part  III. 

91.  Toilets. — In  the  early  office  buildings  erected,  a  large  toilet  for  men  and  one  for  wome 
were  arranged  on  the  top  floor,  but  as  this  space  was  light  it  was  too  valuable.  After  that  th 
toilets  were  arranged  on  the  light  court  side  on  one  of  the  lower  floors.  In  some  of  the  lattt 
types,  smaller  toilets  have  been  arranged  on  each  floor.  This  is  more  desirable  from  a  tenant 
point  of  view  and  saves  on  elevator  service  for  the  building  owner.  In  this  scheme,  a  mai 
toilet  for  men  should  be  provided  on  one  of  the  lower  floors  near  which  the  barber  shop  can  h 
located.  A  main  toilet  should  also  be  provided  for  women  and  a  small  rest  room  should  be  mail 
tained  in  connection  with  it.  These  main  toilets  will  serve  for  the  stores  on  the  basement,  firs 
and  second  floors.  In  the  smaller  type  of  office  buildings,  it  is  well  to  provide  small  toilets  fc 
men  and  women  on  alternate  floors.  When  this  is  done,  a  small  urinal  toilet  should  be  provide 
for  men  on  all  floors. 

92.  Pipe  and  Wire  Shafts. — Pipe  and  wire  shafts  should  run  continuous  from  the  basemei 
to  the  top  story.  They  sliould  be  conveniently  located  and  accessible  for  repairs  and  install; 
tion  of  new  work.  In  addition  to  the  main  pipe  shaft,  a  number  of  smaller  ones  should  be  bui 
so  that  lavatories  can  be  placed  in  each  office  or  suite  of  offices.  A  great  deal  of  care  should  I 
taken  in  locating  the  wire  shafts  so  that  the  conduits  for  each  floor  can  enter  the  shafts  withoi 
difficulty.  If  it  is  possible  to  have  two  wire  shafts,  one  at  each  end  of  the  building,  it  is  well  i 
do  so  as  this  will  reduce  the  length  of  the  home  runs  in  the  wiring  and  consequentlj'  reduce  tl 
cost  of  the  building.  All  pipe  and  wire  shafts  should  be  enclosed  in  tile  and  have  all  openinj 
protected  with  metal  doors  so  as  to  reduce  the  fire  risks. 

93.  Floor  Finish. — In  the  office  sections,  it  is  customary  to  use  a  maple  floor  on  sleepei 
The  top  of  the  floor  should  be  at  least  4J-2  in-  above  the  top  of  the  floor  construction,  so  as 
give  sufficient  space  for  runs  of  pipe  and  conduits.     Floors  in  corridors  and  in  toilets  should  I 
of  marble  or  tile. 

'"  94.  Wire  Molds. — Wire  molds  of  ample  size  to  conceal  telephone  and  A.D.T.  wires  shou 
be  provided  in  the  corridors,  as  these  wires  are  constantly  being  changed.  They  can  be  run  opei 
in  offices,  although  they  are  often  concealed. 

95.  Type  of  Construction. — All  office  buildings  should  be  of  fireproof  construction.  Til 
particular  type  of  construction  depends  largely  on  the  height  of  the  building  and  the  conditio 
of  the  steel  market.  It  is  safe  to  say  that  all  buildings  10  or  more  stories  in  height  should  be  ( 
the  skeleton  steel  type  with  steel  girders  and  beams,  and  tile  arches.  Buildings  from  4  to  1 
stories  can  be  built  with  concrete  columns,  girders,  and  joists  with  tile  fillers.  The  low  live  los 
required  for  buildings  of  this  class  make  it  rather  uneconomical  to  construct  them  with  concre' 
floor  slabs,  as  by  so  doing  the  dead  load  is  increased  beyond  the  point  of  economy. 

96.  Arrangement  of  Offices.^ — For  high  office  buildings  in  large  cities,  the  arrangement 
an  outer  and  an  inner  office  has  been  found  to  be  the  best  from  a  rental  point  of  view  (see  Fi 
23).  If  two  or  more  tenants  desire  to  have  offices  together,  the  dividing  partitions  between  tl 
inner  offices  can  be  omitted,  as  shown  in  Figs.  24  and  25.  By  this  arrangement  the  tenant 
expenses  are  decreased  since  the  same  telephone  switchboard  and  stenographic  force  can  I 
used  jointly  by  the  tenants.  In  the  new  four  and  five  story  office  buildings  that  are  now  beir 
erected  in  the  smaller  cities,  the  inner  office  is  not  considered  a  desirable  rental  feature  di 
perhaps,  to  two  reasons:  (1)  the  office  force  for  this  class  of  tenants  is  smaller  than  for  tenan; 
in  larger  cities;  and  (2)  on  account  of  a  small  rental  value,  the  maintenance  on  this  waste  spw 
greatly  reduces  the  net  profits  on  the  invesment  for  the  owner. 

One  other  special  feature  in  office  planning  is  the  arrangement  of  offices  required  by  doctors.  As  it  is  vc 
undesirable  to  discharge  a  patient  through  a  general  reception  room,  an  inner  passage  connecting  to  the  outer  cc 
ridor  should  be  provided,  as  illustrated  in  Fig.  26.  In  office  buildings  occupied  by  doctors  and  dentists,  pro%-isio 
should  also  be  made  for  laboratories,  and  dark  rooms  for  A' -ray  work.  A  space  should  also  be  arranged  for  a  dn 
Btore. 
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Inner  off^ice 


[G.  23. — Single  suite  of    Fig.  24. — Double  suite  of     Fig.  25. — Triple  suite  of 
ner  and  outer  offices.       inner  and  outer  offices.        inner  and  outer  offices. 


Fig.  26. — Doctor's 
suite  of  offices. 


Fig.  27. — Typical  plan  of  high  office  building  on  corner  lot. 
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Fig.  28. — Typical  plan  of  high  office  building  on  inside  lot. 
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97.  Office  Requirements. — In  addition  to  the  ceiling  outlet,  every  office  should  hav 
base  plugs  for  desk  hghts  and  fans.  A  lavatory  with  hot  and  cold  water  should  be  provide 
in  each  suite  of  offices.  These  are  sometimes  concealed  with  a  double  wardrobe,  one-half  fc 
the  lavatory  and  the  other  half  for  clothes.  The  tops  of  these  wardrobes  should  be  left  ojae 
to  permit  a  free  circulation  of  air.  For  doctors  and  dentists,  it  is  also  necessary  to  provide  g£ 
outlets,  and  compressed  air.     Lavatories  in  these  offices  should  be  of  the  pedal  control  typt 


^-Loff/ne 


5ida  sfreef 

FiQ.  29. — Typical  floor  plan  of  4  or  5-story  building  on  corner  lot.     Entrance  on  side  street. 


Fig.  30. — Typical  plan  of  4  or  5-story   office  building  on  corner  lot.     Entrance  on  main  street. 
:LaH,n« 


Fig.  31. — -Typical  plan  of  4  or  5-story  office  building  on  inside  lot. 

98.  Story  Heights. — First  and  second  story  heights  in  office  buildings  vary,  dependin 
upon  the  requirements  of  the  tenants.  If  the  first  two  floors  are  used  for  stores,  the  first  stor 
height  can  be  from  15  ft.  6  in.  to  17  ft.  6  in.,  the  second  story  height  from  12  ft.  6  in.  to  14  f 
and  the  typical  stories  11  ft.  6  in.  to  12  ft.  5  in. 

99.  General  Plan. — An  office  building  on  a  corner  lot  naturally  gives  the  maximum  numbe 
of  light  offices.  If  the  lot  has  a  greater  width  than  50  ft.  for  a  high  building,  a  light  court : 
necessary.  For  low  buildings  in  smaller  cities,  a  court  is  necessary  in  buildings  wider  tha 
25  ft.     Fig.  27  shows  a  plan  of  a  medium  size  high  office  building  on  a  corner  lot.     In  Fig.  2 
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a  plan  of  a  high  building  on  an  inside  lot.     This  scheme  permits  only  a  few  offices  on  the  street 
ont  while  the  greater  portion  of  them  are  on  the  light  court. 

In  Fig.  29  is  a  plan  of  a  low  office  building  on  a  corner  lot  with  the  entrance  on  the  side  near 
le  alley.  Fig.  30  is  a  plan  of  a  low  office  building  on  a  corner  lot  with  the  entrance  on  the 
ain  or  more  important  street.  In  Fig.  31  is  illustrated  a  plan  of  a  low  office  building  on  an 
side  lot. 

100.  Column  Spacing. — The  column  spacing  is  determined  by  the  width  of  the  office 
quired;  the  width  and  length  of  the  lot  for  equal  spacings;  and  the  necessity  of  using  economi- 
1  sizes  of  steel  beams  and  girders.  A  spacing  of  about  19  ft.  has  been  found  to  be  very  good 
id  permits  two  offices  9  ft.  wide  in  each  bay. 

101.  General  Design. — The  architectural  treatment  of  the  exterior  is  a  problem  in  which 
st  and  available  material  are  important  factors.     In  a  general  way  the  exterior  design  may 

treated  as  a  flat  wall  surface  with  terra  cotta  or  stone  cornices;  or  it  may  be  designed  with 
long  horizontal  bands  at  the  window  sills  and  heads;  or  it  may  be  treated  with  vertical  piers 
th  a  Gothic  effect.     If  the  amount  of  money  at  hand  is  small,  it  is  well  to  treat  the  main  body 

the  building  in  a  very  simple  dignified  manner  and  only  use  ornamental  molded  stone  or  terra 
tta  to  mark  the  entrance  to  the  building.     The  question  of  any  particular  style  of  ornament 

be  used  is  a  matter  of  individual  taste  and  opinion.     In  the  designing  and  detaiUng  of  the 

lament  a  human  interest  can  always  be  worked  in  so  as  to  give  the  building  distinctive 
aracter. 

PUBLIC  COMFORT  STATIONS 

By  Frank  R.  King 

The  term  "public  comfort  station"  denotes  a  structure  planned  for  the  convenience  of  the 
eral  public,  in  which  the  use  of  sanitary  toilet  facilities  constitutes  the  principal  service 
^idered.  It  is  generally 
(sirable  to  maintain  rest 
Dms  in  connection  with 
t;m.  A  public  comfort 
8  tion  may  take  the  form  of 
£  privy  or  an  inside  toilet 
ran  with  washing  facilities 
-  he  type  depending  upon 
t'  size  of  the  community, 
t  ■  availability  of  water  and 
s.'crage  connections,  and 
t    amount  of  funds  at  dis- 

I  al  for  the  purpose.  San- 
,\  equipment  of  only  the 
litst  grade  should  be  em- 
\  1(1,  inasmuch  as  constant 
I  lit'  use  makes  the  wear 
1  tear  more  injurious  than 

II  he  average  toilet  room. 

As  these  stations  are  for 
t:  public's  benefit,  provision 
f<  their  erection  and  main- 
tiance  should  be  regarded 
a  a  pubhc  function,  supported  by  the  funds  of  the  state  or  municipality  concerned.  Such 
f'  ds  may  be  raised  by  direct  taxation  or  bond  issues. 

102.  Location  and  Operation. — The  maximum  success  of  pubhc  comfort  stations  depends 
!:(ly  upon  their  central  location,  which  means  they  should  be  established  in  the  more  con- 

i::  ted  districts  and  where  they  are  easy  of  access.  From  the  viewpoint  of  economy,  ease  of 
■I  ess,  and  central  location,  existing  pubhc  buildings  usually  afford  desirable  sites  for  establish- 


Side  Elevation 


End  Elevation 


Fig.  32. — Comfort  station  of  the  independent  building  type,  equipped  with 
water-flushed  conveniences,  public  water  and  sewer  connections  being  available 
or,  existing  conditions  permitting,  private  systems.  Heating  provided  by  base- 
ment plant  or  from  adjoining  building. 
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ing  comfort  stations.     Thus  a  municipality  may  utilize  a  court  house,  municipal  buildin 
school,  fire,  or  pohce  station,  library,  pubUc  market,  or  similar  building.     Other  suitable  sit 

are  pubUc  squares,  pari 
playgrounds  and  bat 
houses,  cemeteries,  ban 
stands,  and  brid| 
abutments.  Semi-pub 
places  such  as  oiUng  st 
tions  and  railroad  static 
are  suitable  for  the  pi 
pose,  and  in  some  ca* 
they  may  be  housed  sat 
factorily  in  connecti 
with  other  places  of  bu 
ness,  such  as  stores 
similar  mercantile  cent* 
(Figs.  36  to  43  incl.). 

Another  course  op 
for  communities,  especia 
cities,  is  the  erection 
pubhc  comfort  stations 
the  form  of  substanti 
permanent,  and  artis 
structures  independent 
existing  buildings.  Th' 
are  possibilities  for  the  > 
velopment  of  this  type 
station  as  real  munici 
centers  for  public  convenience.  Following  successful  experience  in  many  large  cities,  tfc 
may  be  made  to  pay,  in  part  at  least,  the  expense  of  operation  through  concessions,  such  as  p 
telephone  booths,  parcel  check  stands,  vending  machines,  shoe  shining  stands,  newspaper  a 
magazine  privileges,  and  counters 

for   the  sale  of  souvenirs,  post-  p«jj^^-^ x.sY7'«^v^  y^-)>^mmYvvy-x-^v^>m^^ 

cards,  toilet  articles,  towels,  soap, 
and  auto  conveniences.  Primar- 
ily, however,  the  public  comfort 
station  should  be  regarded  as  a 
free,  public  institution,  with  toilet 
and  washing  facilities  open  to 
everybody,  and  the  auxiliary  fea- 
tures mentioned  should  in  no  way 
be  allowed  to  supplant  this  free, 
public  use  nor  to  change  in  the 
slightest  degree  the  public  char- 
acter of  the  stations. 


Front  Ellevation 


Side  Elevation 


Fia.  33. — Small  comfort  station  and  rest  room  housed  in  a  separate  build- 
ing, equipped  with  water-flushed  toilets  and  heated  by  a  hot-air  heater,  steam, 
or  hot-water  system. 


m 


Fig.  34. — Floor  plan  of  comfort  station. 


Obviously,  public  comfort  stations 
should  be  cared  for  and  supervised  by 
regular  attendants,  clothed  with  ade- 
quate authority  to  enforce  obedience 
to  all  rules  and  regulations  governing 
use  of  the  facilities. 

The  development  of  the  public  comfort  station  movement  undoubtedly  will  witness  the  establishment  of  ms 
stations  along  public  highways  for  the  convenience  of  the  traveling  public.     Tnis  may  well  involve  making  the  hi 
way  comfort  station  an  integral  part  of  the  public  highway  system  and  using  the  highway  patrol  man  as  the 
taker  or  supervisor  of  the  station. 
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Stations  must  not  only  be  well  located,  but  to  serve  their  function  best,  should  be  marked  with  plainness. 
;ns  should  be  clear  and  unmistakable  and  prominently  placed,  and  yet  be  modest.  The  standard  public  comfort 
ition  sign  (Fig.  44)  is  recommended  for  universal  adoption.  Like  the  red  cross  and  the  skull  and  cross  bones,  this 
mbol  will  convey  its  meaning  wherever  found.  Once  well  fixed  in  the  public  mind,  it  should  signify  service,  and 
ply  a  full  degree  of  comfort,  safety,  and  sanitation.  The  emblem  was  adopted  by  the  American  Society  of 
ni  f  ary  Engineers,  June  4,  1912,  as  a  universal  public  comfort  station  insignia.  It  is  now  used  extensively  through- 
t  the  country. 

103.  Submission  of  Plans. — Before  proceeding  with  the  location,  design,  and  construction 
a  pubUc  comfort  station  or  rest  room,  plans  and  specifications  should  be  submitted  for 

)liioval  to  the  State  Board  of  Health  or  other  state  or  local  authority  vested  with  such  power. 

104.  Supervision  of  Construction. — After 


)l)ix)val  of  plans  has  been  obtained,  construc- 
)ii  should  proceed  in  accordance  with  the 
taljlished  regulations,  and  no  changes  in 
ch  plans  should  be  made  without  per- 
ission  from  the  proper  authorities.  All  such 
irk  should  be  subject  to  inspection  by  the 
ficial  authority. 

105.  Adequacy  of  Toilet  and  Washing 
:commodations. — Toilet  accommodations 
sorve  the  needs  of  the  community'  depend 
r  their  adequacy  upon  local  conditions,  so 
;tt  no  definite  rule  can  be  laid  down.  Infor- 
ation  available,  however,  indicates  that 
uler  normal  conditions  at  least,  there  should 
'  one  closet  for  every  1000  females  and  at 
ast  one  closet  and  two  urinals  for  every  1000 
ales  in  the  community,  assuming  that  the 
jpulation,  or  the  number  deemed  likely  to 
;?qvient  the  station,  be  divided  in  the  ratio 
40%  females  and  60%  males. 

Certain  municipalities  or  resorts  where  there  are 
■qucntly  large  gatherings  naturally  need  more 
conimodations  than  places  where  the  people  do  not 
[Ctuate  or  assemble  to  much  extent.  In  the  lack  of 
finite  information,  therefore,  and  because  of  pos- 
)le  changes  in  the  development  of  communities,  pro- 
9ion  always  should  be  made  for  increasing  the  size  of 
e  building  or  room  and  for  installing  additional  fix- 
res  should  the  original  accommodations  become 
ii)i<|uate. 

Based  on  present  knowledge,  places  under 


C/ear?  oiy/s. 


To  he  puf^  in  coyersef 
concfvAf  p/f 


Cross   Secfion' 
Fig.  35. — Comfort  station  equipped  with  chemical  closets 


5,000  population  need  from     1  to    2  stations 

5,000  to     10,000  need  from     1  to    3  stations 

10,000  to     25,000  need  from    3  to     5  stations 

25,000  to     50,000  need  from    5  to     8  stations 

50,000  to   100,000  need  from    8  to  10  stations 

100,000  to  400,000  need  from  10  to  30  stations 

le  number  obviously  is  dependent  upon  the  area  covered  by  the  city  and  other  conditions.  A  number  of  small 
itions  are  preferable  to  one  large  one.  In  some  instances  filling  stations  and  similar  places  may  reduce  this  to  a 
ser  number. 

Each  comfort  station  should  be  equipped  with  adequate  washing  facilities.  There  should  be  at  least  one  lava- 
ry  for  every  five  fixtures  (closets  and  urinals),  or  fraction.  One  lavatory  for  every  two  or  three  fixtures 
recommended. 

106.  Entrance  Screen. — The  entrances  to  the  toilet  rooms  should  be  properly  separated  by 
ifcns  or  other  means  and  wherever  possible  should  be  at  least  20  ft.  apart  or  otherwise  located 
ith  due  regard  to  privacy  for  users. 
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107.  Uniform  Sign  Required. — Every  public  comfort  station  should  have  displayed  in 
conspicuous  position  the  standard  public  comfort  station  sign.  In  conjunction  with  this  embk 
there  should  be  placed  a  mark  indicating  women's  entrance,  and  one  indicating  men's  en  tram 
The  uniform  sign  should  be  placed  also  at  such  other  points  as  are  best  adapted  for  guiding  t 
public  to  these  stations. 

Sfreef 


Al/ey 


Fig.  36. — Station  housed  on  the  ground  floor  in  connection  with  a  heated  store  or  other  place  of  business. 
the  approaches,  entrances  and  general  arrangement. 


Not« 


Sfiref^ 


Sidt  irerA 


Sx/sfin^  bui/d/ng 


k\ 


w^ 
% 


3^e 


I 


rx 


2^ 


I 


=^ 


Vhmen 


Fig.  37. — Station  housed  in  an  addition  to  an 
existing  library  or  similar  building. 


Fig.  38.- 


-Station  in  connection  with  a  small  store  buildi 
or  similar  structure. 


The  signs  should  be  of  uniform  design  throughout  the  state  and  not  less  than  8  X  12  in.  in  size,  except  wh« 
a  larger  sign  obviou.sly  is  preferable.  Consistent  uniformity  should,  however,  be  the  rule.  The  universal  si 
consists  of  a  green  circle  5  in.  in  diameter  on  the  outside  and  1  in.  wide,  with  a  white  center  in  which  is  set  a  fox 
pointed  orange  colored  star.     The  body  of  the  sign  is  white  and  the  border  and  lettering  are  a  deep  blue  (Fig, 

108.  Ventilation  and  Light. — When  housed  within  a  building,  a  pubhc  comfort  static 
should  be  so  placed  as  to  afford  light  and  air  by  windows  or  skyhghts,  or  open  directly  \ipon 
street,  alley,  court,  or  vent  shaft.  Every  such  vent  shaft  should  have  a  horizontal  area  of 
least  1  sq.  ft.  for  each  water  closet  or  urinal  adjacent  thereto,  but  the  least  dimension  cf  sut 
shaft,  if  one  story  high,  should  not  be  less  than  3  ft.;  if  two  stories  high,  not  less  than  4  ft.;  an 
1  ft.  additional  for  each  extra  story. 
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Exhfing  hofe!  bui/ding 


■„ii,!r>iii:rr',.'iii;i. 


■mitfiriiiiumuin 


5  I  ieiyc  /k 


•11, ,„„„„.■, •„„,,„i:i^ 


\  .  39. — Station  for  men  only,  having 
a  uneession   annex.     Toilets   may   be 
both  of  the  free  and  pay  type. 


Sheet 
Fig.  40. — Station  in  connection  with  hotel  building. 


Al/ey 


I       

-  '  Fig.  41. — Station  in  connection  with  a  mercantile  establishment. 
«)py  over  exterior  entrance  and  apijroach. 

Fig.  42. — Station  houses  below  the  street  sidewalk.     Water,  sewer,  lighting  and  heat  from  adjacent  buildings; 
juing  system  may  be  an  independent  plant.     Ventilation  by  means  of  an  ornamental  hollow  column  equipped  at 
tt,)ase  with  a  heating  coil,  air  expulsion  fan  or  its  equivalent,  and  the  top  surmounted  by  a  ventilator,  comfort 
ion  mark,  and  weather-vane. 


Plan 


Fig.  43. 
Entrances  from  building  and  street. 


with 


In  basernenf  of  an 
existing  hui/ding 

rLocal  rent 


Entrance 


Street- 
Fig.  43.  Fig.  44. 

Fig.  43. — Station  houses  in  the  basement  of  a  building  with  entrances  from  the  sidewalk,  hooded  over  with  a 


p:;  of  the  building. 

Fig.  44. — Public  comfort  station  mark. 
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The  glass  area  for  a  toilet  room  containing  one  closet  or  urinal  should  be  at  least  4  sq.  i 
with  2  sq.  ft.  additional  for  each  additional  closet  or  urinal. 

In  addition  to  the  windows  required,  each  toilet  room  containing  more  than  three  fixtures  (closets  and  i 
nals)  should  have  a  vent  flue  of  incombustible  material,  vertical  or  nearly  vertical,  running  through  the  roof,  8 
mounted  by  a  cap  or  hood  of  the  siphonic  type,  and  the  vent  should  be  not  less  than  the  following  size: 

Four  fixtures 8-in.  pipe. 

Five  or  six  fixtures 10-in.  pipe. 

Seven  to  ten  fixtures 1 2-in.  pipe. 

If  the  windows  or  skylights  cannot  be  opened,  vent  pipes  also  should  be  placed. 

No  toilet  room  in  a  public  comfort  station  should  have  a  movable  window  or  ventilator  opening  upon  any  t 
vator  shaft  or  court  which  contains  windows  or  sleeping  or  living  rooms  above;  except  that  a  toilet  room  containi 
not  more  than  two  closets  may  have  a  movable  window  on  such  court,  provided  the  toilet  room  has  a  vent  flue 
tending  above  the  roof. 

Except  upon  written  approval  by  the  proper  officials,  no  public  comfort  station  should  be  located  in  an  in 
rior  room,  nor  in  such  position  that  it  cannot  be  given  outside  light  and  ventilation. 

Every  public  comfort  station  should  be  artificially  lighted  during  the  entire  period  the  building  is  open  foru 
when  adequate  natural  light  is  not  available,  and  in  such  manner  that  all  parts  of  the  room  may  easily  be  visit 

109.  Size. — Every  public  comfort  station  should  have  at  least  10  sq.  ft.  of  floor  area  a: 
at  least  100  cu.  ft.  of  air  space  for  each  water  closet  and  each  urinal,  together  with  adequa 
waiting  room  area. 

110.  Floor. — The  floor  and  base  of  every  pubUc  comfort  station  should  be  made  of  mater 
(other  than  wood)  which  does  not  readily  absorb  moisture  and  which  can  easily  be  cleanc 
Such  floors  should  be  of  concrete  faced  with  a  cement,  tile,  or  marble  surface,  or  equivale 
material. 

To  make  a  concrete  floor  non-absorbent,  the  concrete  and  cement  top  dressing  must  be 
dense,  rich  mix,  finished  smooth,  and  kept  well  painted. 

111.  Floor  Drains. — Toilet  rooms  of  this  type  should  be  provided  with  a  hose  faucet  a 
the  floor  graded  toward  a  drain  equipped  with  an  adequate  4-in.  trap.  This  trap  should  ha 
a  movable  floor  grate  or  strainer. 

112.  Walls  and  Ceiling. — The  walls  and  ceilings  should  be  completely  covered  with  smoa 
cement  or  gypsum  plaster,  glazed  brick  or  tile,  galvanized  or  enameled  metal,  or  other  smool 
non-absorbent  material.  In  the  less  frequented  or  inexpensive  stations,  wood  may  be  used 
well  covered  with  two  coats  of  body  paint  and  one  coat  of  enamel  paint  or  spar  varnish.  B 
wood  should  not  be  used  for  separating  walls  or  partitions  between  toilet  rooms,  nor  for  pan 
tions  which  separate  a  toilet  room  from  any  room  used  by  the  opposite  sex.  AH  such  partitioi 
should  be  as  nearly  soundproof  as  possible. 

113.  Partitions  Between  Fixtures. — Adjoining  water  closets  should  be  separated  by  pan 
tions.  Every  individual  urinal  or  urinal  trough  should  be  provided  with  a  partition  at  eai 
end  and  at  the  back  to  give  privacy.  Where  individual  urinals  are  arranged  in  batteries, 
partition  should  be  placed  at  each  end  and  at  the  back  of  the  battery.  A  space  of  6  to  12  in. 
required  between  the  floor  and  the  bottom  of  the  partition.  The  top  of  the  partition  shou 
be  from  5}i  to  7  ft.  above  the  floor.  Doors,  of  the  same  height  as  required  for  partitions,  shou 
be  installed  for  water  closet  compartments  used  by  women.  Doors  at  least  24  in.  high,  with  tl 
center  about  3  ft.  above  the  floor,  should  be  provided  for  water  closet  compartments  used  l 
men.  All  partitions  and  doors  should  be  of  material. and  finish  as  prescribed  for  walls  and  ce: 
ings.     Wood  is  not  recommended;  if  used,  it  should  be  hardwood. 

114.  Service  Closet. — Each  toilet  room  in  such  stations  should  have  a  serA-ice  close 
supplied  with  broom,  mop,  bucket,  soap,  toilet  paper,  toweling,  Hme  or  other  disinfectant,  ar 
any  other  materials  necessary  for  maintaining  cleanliness  and  ser\Tng  the  pubUc's  needs  (Hi 
33). 

115.  Depositories.^Men's  and  women's  toilet  rooms  should  be  equipped  with  a  depositor 
so  designed  as  to  make  the  contents  readily  removable,  and  of  such  material  and  constructio 
as  to  enable  it  to  be  kept  in  a  clean  condition. 

116.  Fixtures — Water  Closets. — All  water  closets  should  be  made  of  porcelain  or  vitreov 
chinaware.     The  bowl  and  trap  should  be  of  the  combined  pattern  in  one  piece,  and  should  hoi 
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sufficient  quantity  of  water  and  be  of  such  shape  and  form  that  no  fecal  matter  will  collect  on 
e  surface  of  the  bowl.  Ajll  water  closets  should  be  equipped  with  adequate  flushing  rims,  so  as 
flush  and  scour  the  bowl  properly  when  discharged.  The  bowl  should  be  of  the  heavy 
,ttern,  extended  hp,  large  throatway,  siphonic  action  type.  Bowls  should  be  equipped  with 
substantial  open  front  seat. 

Frost-proof  closets  should  be  installed  only  in  compartments  which  have  no  direct  connec- 
m  with  any  building  used  for  human  habitation.  The  soil  pipe  between  the  hopper  and  the 
ip  must  be  of  cast  iron,  4  in.  in  diameter  and  free  from  offsets.  This  type  of  closet  should 
used  only  in  buildings  subject  to  extreme  frost  conditions.  When  frost-proof  closets  are 
tailed,  the  bowl  must  be  of  vitreous  chinaware  or  iron  enameled  inside  and  outside,  of  the 
,sh  rim  pattern,  provided  with  an  adequate  tank,  automatically  drained  to  guard  the  fixtures 
d  piping  against  frost.  The  installation  and  use  of  this  type  of  fixture  should  be  discouraged 
much  as  possible.  Under  the  most  favorable  conditions  little  can  be  said  for  this  closet  from 
jractical  and  sanitary  standpoint. 

Urinals. — Urinals  should  be  made  of  material  impervious  to  moisture,  and  of  such  design,  materials,  and  con- 
uction  that  they  may  be  properly  flushed  and  kept  in  a  sanitary  condition.     If  cast  iron  is  used  in  the  construc- 

I  of  urinals,  it  must  be  enameled  on  the  inside  of  the  trough  or  bowl  and  coated  with  a  durable  paint  or  enameled 
the  outside.  Trough  and  lip  urinals  should  have  a  floor  drain  placed  below  the  urinal,  and  the  floor  should  be 
ded  toward  the  drain.  Individual  urinals  rising  from  the  floor,  with  the  floor  pitched  toward  the  urinal,  made 
porcelain  or  vitreous  chinaware,  and  equipped  with  an  effective  automatic,  or  equivalent,  flushing  device  and 
iquate  local  vent,  are  recommended. 

Sinks  and  Wash  Basins. — Sinks  and  wash  basins  in  comfort  stations  should  be  made  of  earthenware,  vitreous 
aaware,  enameled  iron  ware  or  other  impervious  material,  and  equipped  with  adequate  traps  and  self-closing 
cets. 

Flush  Tanks. — All  flush  tanks  or  flushometer  valves  should  have  a  flushing  capacity  of  not  less  than  3  gal.  for 
;er  closets  and  not  less  than  1  gal.  for  urinals,  and  should  be  so  installed  that  they  are  protected  against  frost, 
ipering,  etc. 

Open  Plumbing. — All  plumbing  fixutres  should  be  installed  or  set  free  and  open  from  all  enclosing  work.     Where 

oticable,  all  pipes  from  fixtures,  except  fixtures  with  integral  traps  rising  from  the  floor,  should  be  run  to  the  wall. 

essential  that  all  plumbing  fixtures  for  this  type  of  service  be  of  high  grade,  and  of  such  design  and  construction 

so  installed  as  to  be  practically  fool-proof. 

"  Piping. — Wherever  practicable,  the  piping,  tanks,  flushing  devices,  traps,  etc.,  should  be  installed  exposed  in 

atility  chamber,  and  so  arranged  that  they  are  accessible  for  the  removal  of  stoppages  (Fig.  37). 

Protection  Against  Frost. — All  water  closets  and  urinals  and  the  pipes  connecting  therewith  should  be  protected 
pperly  against  frost,  either  by  a  suitable  insulating  covering  or  by  an  efficient  heating  apparatus,  or  in  some 
Oer  approved  method,  so  that  the  facilities  will  be  in  proper  condition  for  use  at  all  times.  Toilets  should  be 
aquately  heated  in  cold  weather.     Heating  equipment  should  be  arranged  to  permit  cleaning  of  floors  and  walls. 

117.  Where  Water  and  Sewerage  Systems  Are  Not  Available.^ — In  locahties  lacking  public 
«;tems  of  water  and  sewerage,  the  disposal  of  human  wastes  may  be  accomplished  as  follows: 

(1)  By  an  efficient  water  system  of  the  "compressed  air  storage"  or  "air  pre-ssure  delivery" 
t  If  and  a  proper  sewage  treatment  tank  and  disposal  units,  as  existing  conditions  may  require. 

'2)  By  outdoor  privies  or  other  toilet  conveniences  permitted  by  federal,  state,  or  local 
ahorities,  when  local  conditions  make  it  impractical  to  install  a  water  supply  and  sewage 
(I  )osal  system  (see  Part  III,  Sect.  4,  on  "Waterless  Toilet  Conveniences").  Fig.  35  shows 
^ih  a  station  equipped  with  chemical  closets. 

FARM  BUILDINGS— GENERAL  DESIGN 
By  Arthur  Peabody 

118.  Cattle  Barn. — Manufacturers  of  cattle  stanchions  and  feed  and  litter  carriers  have 
di  eloped  the  plan  arrangement  of  the  standard  cattle  barn.     The  stalls  are  in  two  lines,  the 

li'  facing  on  the  center  aisle,  by  which  the  feed  and  water  is  distributed.  In  some  barns  the 
li'  are  faced  to  the  outside  wall,  with  feed  alleys  between  the  stalls  and  the  windows.  The 
Is  are  formed  of  concrete,  pitched  slightly  to  the  back  where  a  gutter  extends  the  length 

II  lie  building.  The  finished  level  of  the  stall  floor  should  be  even  with  the  bottom  of  the  man- 
><      The  stalls  may  be  paved  with  cork  bricks  or  creosoted  blocks.     The  block  paving  is  not 
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imperative  where  ample  bedding  is  provided.     The  stanchions  and  stalls  are  formed  of  i 
pipe.     The  fabrication  of  this  equipment  has  been  speciaUzed  so  as  to  be  adjustable  to  difff ; 
sized  cattle.     The  concrete  manger  is  formed  in  the  floor  structure.     Separating  partitioi, 
metal  prevent  the  cattle  from  robbing  each  other.     The  partitions  are  operated  by  a  lever  at  i 
end  of  the  row  of  stalls.     Watering  basins  of  cast  iron  are  placed  in  each  stall.     These  are  au* 
matic,  self-filhng,  and  are  said  to  be  non-freezing.     Feed  carriers  hung  to  overhead  raihv 
and  litter  or  manure  carriers,  also  on  overhead  rails,  facihtate  rapid  attendance  on  the  ca' 
The  manure  carrier  rails  are  extended  to  a  distance  outside  the  barn  so  that  the  carrier  is  aut 
matically  dumped  and  returned.     Hay  and  grain  are  stored  on  the  second  floor  of  the  barn,  t 
structure  of  which  is  such  as  to  permit  a  hay  loader  operating  on  a  rail  to  fill  the  barn  neai 
to  the  top.     A  grain  mixing  room,  on  the  first  story,  is  connected  to  iron  hned  grain  bins  ov< 
head  by  chutes.     The  hay  is  delivered  by  chutes  to  the  first  floor.     The  silo  is  at  the  end, 
on  one  side  of  the  barn.     It  is  from  10  to  18  ft.  in  diameter  according  to  the  size  of  the  bai 
and  from  20  to  45  ft.  high.     One  side  is  closed  with  a  series  of  doors  connecting  by  a  chute  to  t 
first  story.     The  silage  consisting  of  chopped  corn  stalks  or  other  fodder  finely  cut,  is  deUver 
to  the  silo  by  a  metal  tube  through  which  the  silage  is  blown  by  a  powerful  fan  to  the  tc 
Just  enough  silage  is  taken  out  for  each  day's  feeding.     The  food  capacity  of  silos  is  given 
the  following  table. 

Table   of  Standard   Interior   Dimensions   of   Silos  for  Feeding  Cattle  Six  Mont 

AND  Eight  Months 


Tons 

required  for 

Height 

Number  of  cattle 

Diameter, 
(feet) 

C  mo. 

8  mo. 

6  mo. 
(feet) 

8  mo. 
(feet) 

10 

36 

10 

28 

20 

72 

96 

12 

31 

39 

30 

108 

144 

14 

34 

41 

40 

142 

192 

16 

34 

42 

50 

180 

240 

18 

34 

47 

The  silo  may  be  of  wooden  staves  bound  with  iron  rods,  or  formed  of  heavy  wooden  rii 
sheathed  inside  and  out  with  vertical  matched  boarding,  or  of  vertical  studs  covered  with  ho 
zontal  lap  siding  bent  to  the  circle.  It  may  be  of  hollow  clay  tile,  laid  in  mortar,  or  of  concn 
reinforced  with  vertical  and  horizontal  rods.     The  silo,  whether  of  wood  or  masonry,  shoi 


Fig.  45. — Typical  general  purpose  farm  barn. 


rest  on  a  concrete  or  masonry  foundation  carried  2  ft.  above  ground  and  deep  enough  to  prevt 
frost  action.  Claims  are  made  for  wood  silos  that  they  are  more  resistant  to  freezing  th 
masonry.  A  continued  period  of  cold  weather  will,  however,  freeze  the  silage  around  t 
outside  wall  in  any  construction.  In  a  windy  location  the  wooden  silo  is  likely  to  be  bk)i 
down  or  bent  over  on  account  of  its  light  weight. 
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The  ventilation  of  the  cattle  is  done  by  a  gravity  system  consisting  of  inlet  ducts  entering  the  outside  of  the 
.alls  midway  between  floor  and  ceihng,  and  discharging  mto  the  barn  near  to  the  ceiling  in  front  of  the  stock. 
'oiitrol  dampers  are  required.  The  ducts  are  distributed  at  intervals  of  10  or  12  ft.  on  the  walls.  The  outtakc 
ucts  are  large,  and  fewer  in  number,  placed  in  such  a  manner  that  the  air  will  be  drawn  under  the  stock  from 
rout  to  rear.  The  foul  air  enters  the  ducts  near  the  floor  and  passes  in  as  nearly  a  vertical  lino  as  possible  to  the 
idge  of  the  barn.  A  special  form  of  vent  cap  prevents  back  draft  and  the  entrance  of  wind  and  snow.  Control 
anipers  are  desirable,  but  it  should  not  be  possible  to  close  the  ducts  entirely,  otherwise  the  cattle  will  not  obtain 
uflScient  fresh  air. 

The  number  and  size  of  the  outlet  and  inlet  ducts  depends  on  the  number  of  animals  housed. 


■  -IMitfar 


Doffed  lines  shoerofher 
possible  locai-ions  hr 
fyul  airducfs. 


fnfake      (^"N 


Ven+ifafion  Sys^fem 
,.«  ^,a>  Cows  Facing  Out- 

Awrage  tengfh  of  corrifed 


r//    4'-ei' 


Curb     ,  ,  , 

.'h    Cork  bnck  f/oor 


-:?wj. 


5ection  Thnough  Typical '       ""^ 
Cow    Stall  1. 

Fig.  46. — Typical  sections  showing  ventilation  systems  and  dimensions  for  general  purpose  farm  barn. 


The  number  of  cubic  feet  of  air  required  per  head  per  hour,  with  the  average  relative  humidity  of  fresh  country 
ir  at  65  %  or  less,  is  as  follows: 


For  horses. 
For  cows . . 
For  swine. 
For  sheep. 
For  hens .  . 


Cu.  ft.  per 

hr. 

Assumed  weights  per 

per  head 

head  (pounds) 

4924 

1200 

3953 

1100 

1510 

160 

929 

100 

37 

3 

With  different  weights  per  head,  the  amounts  of  air  would  change  in  proportion. 

The  flow  of  air  in  a  square  outtakc  duct  will  have  at  least  an  average  velocity  of  250  ft.  per  min.,  without 
techanical  forcing  or  the  aid  of  heat  other  than  that  derived  from  the  animals  m  the  space  to  be  ventilated. 

An  outtakc  ventilating  duct  for  30  cows  would  require  30  X  3953  =  118,590  cu.  ft.  of  air  per  hr.  We  will 
BBume  an  air  movement  of  250  ft.  per  min.,  or  15,000  ft.  per  hr.     To  ascertain  the  cross  section  area  of  the  outtake 
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duct  required  for  the  cows,  it  is  only  necessary  to  divide  the  number  of  cubic  feet  of  air  required  for  30  cows,  b; 
15,000,  thus, 

118,590  cu.  ft.  -^  15,000  =  7.906  sq.  ft.,  or  113S.5  sq.  in.  requiring  either  one  duct  34  X  34  in.,  2  ducts  24  X  2 
in.  each,  or  4  ducts  12  X  24  in. 

Stronger  currents  through  the  ventilators  will  be  secured  by  making  one  or  more  larger  ones  than  where  man 
small  ones  are  provided,  and  it  is  usually  best  to  have  as  few  as  possible,  yet  not  leave  the  impure  air  in  distao 
parts  of  the  barn. 

For  every  outtake  flue  there  should  be  a  number  of  intake  flues  whose  combined  area  exceeds  that  of  th 
outtake  flue  by  10  %,  even  in  view  of  the  unavoidable  leakage  of  air  througn  the  walls  and  around  tne  windows  an^ 
doors. 

Thirty  cows  require  an  outtake  duct  of  1138.5  sq.  in.  area;  then  these  cows  should  have  an  intake  of  1138.5  sc 
in.  plus  10  %  which  would  be  1252.4  sq.  in.  Assuming  20  intakes,  each  would  have  to  be  1252.4  -^  20  —  62.7  sq.  ir 
area,  or  about  8  X  8  in.  square.  It  is  better  to  have  many  small  openings  than  a  few  large  ones,  because  the  cold  ai 
is  better  distributed,  lessening  drafts.  All  intake  flues  should  be  equipped  with  registers,  so  the  air  is  at  all  time 
in  control  of  the  party  in  charge.     Intake  flues  may  be  made  of  galvanized  sheets  or  wood. 

The  nominal  area  of  a  register  or  register  face  should  be  about  50  %  greater  than  given  by  this  computatioE 
actual  areas  of  commercial  registers  are  given  in  the  accompanying  table. 


Size  of  register 

Effective  area 

face  (inches) 

(sq 

lare  inches) 

6X8 

32 

6  X  10 

40 

6  X  12 

48 

6  X  14 

56 

8X8 

42 

8  X  10 

53 

8  X  12 

64 

8  X  14 

75 

10  X  10 

66 

10  X  12 

80 

10  X  14 

93 

Size  bf  register  face 
(inches) 
12  X  12 
12  X  14 
14  X  14 

6  round 

7  round 

8  round 

9  round 

10  round 

1 1  round 

12  round 
] 4  round 


Effective  area 
(square  incnes) 

96 
112 
130 

19 

25 

33 

41 

51 

62 

74 
100 


A  good  form  of  ventilating  flue  is  made  of  two  layers  of  number  1  matched  stuff,  J-s  in.  thick,  with  buildin 
paper  or  deadening  felt  between,  to  make  it  as  nearly  as  possible  a  perfect  non-conductor,  thus  preventing  rapi 
cooling  of  the  air  in  the  flue.  This  form  of  construction  also  makes  the  flue  air-tigut,  which  is  essential,  for  ever 
hole  and  crack  lessens  the  ventilating  power. 

The  most  common  and  probably  most  suitable  material  for  barn  construction  is  wood.  Concrete  foundation 
and  floors  are  advantageous  and  the  concrete  walls  may  be  carried  up  a  few  feet  above  the  floor  or  to  the  windc 
sills.  Above  this  the  wood  construction  is  started.  There  would  seem  to  be  no  reason  why  the  entire  first  stor 
and  the  floor  of  the  second  story  should  not  be  of  reinforced  concrete.  In  the  event  of  fire  the  cattle  might  be  save- 
by  this  construction. 

A  plan  arrangement  which  would  store  the  hay  in  a  separate  building  might  be  the  means  of  saving  a  valuabl 
herd.  This  would  require  a  special  mechanism  for  bringing  the  hay  into  the  cattle  barn.  In  this  case  the  roc 
of  the  barn  should  be  built  to  resist  the  cold  of  winter. 

119.  Manure  Pit. — The  pit  for  storage  of  manure  will  be  concrete  formed  into  a  shallov 
tank.  It  should  be  covered  with  a  roof  and  screened  from  flies.  The  overhead  railwaj'  fron 
the  barn  will  extend  through  the  pit  so  that  the  manure  may  be  dumped  automatically.  The 
pit  should  be  large  enough  to  contain  the  winter's  production  of  fertihzer  except  what  is  spreac 
directly  on  the  fields. 

120.  Horse  Barn. — For  the  powerful  horses  used  on  a  farm,  stalls  of  considerable  strengtl 
are  needed.  The  usual  type  is  formed  with  cast-iron  or  steel  posts  and  2-in.  oak  or  elm  planl 
sides  resting  in  channel  forms  bolted  to  the  posts.  Concrete  posts  will  not  endure  the  efTec 
of  constant  kicking.  The  concrete  pavement  of  the  stall  is  covered  with  planking  formed  intt 
movable  platforms  by  metal  straps  secured  to  the  under  side.  Elm  is  preferred  for  these  plat- 
forms. Above  the  height  of  5  ft.,  metal  guards  of  the  usual  form  are  required.  Where  the  haj 
is  chuted  down,  it  should  not  be  confined  by  the  iron  gratings,  but  allowed  to  flow  freely  into  the 
plank  manger.  Iron  oat  boxes  and  iron  edgings  to  wood  mangers  are  desirable.  The  stalls 
should  be  9  ft.  long  and  not  over  4  ft.  wide  for  standing  horses  or  less  than  5  ft.  where  horses  are 
to  he  down.  The  concreted  aisles  of  horse  barns  should  be  left  rough  to  prevent  slipping.  Deep 
grooving  is  objectionable  for  cleaning.  Wood  block  paving,  not  creosoted  sufficiently  to  be 
slippery,  is  useful.     The  slanted  ways  into  a  horse  barn  should  not  slope  over  1  ft.  in  5  ft., 
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lecially  for  brood  mares.     Harness  and  carriage  rooms  should  be  separated  from  the  stall 
)m  to  avoid  the  ammonia  fumes. 

121.  Swine  Barns. — The  swine  barn  in  a  severe  chmate  should  have  not  over  10-ft.  clear 
ight.  It  should  face  to  the  south  to  secure  ample  sunlight.  In  mild  climates  windows  in  the 
)f  may  supplement  those  in  the  south  wall,  but  the  arrangement  is  not  suitable  for  cold 
Qters.  The  barn  is  divided  into  pens  about  8X10  ft.  by  wood  partitions  or  iron  pipe  railings 
standard  type.  The  fronts  of  these  are  provided  with  swinging  feed  gates  hinged  at  the 
).  A  wood  platform  5  ft.  square  is  laid  on  the  concrete  in  each  pen  for  the  swine  to  lie  on. 
le  building  is  ordinarily  of  frame  construction,  warmly  built,  with  swine  doors  that  may  be 
ised  by  the  attendant.  Standard  barn  ventilation  is  necessary.  A  feed  cooking  kettle  is 
ovided  in  the  feed  mixing  room  at  one  end.  The  space  in  the  roof  is  used  for  hay  storage, 
ong  the  sides  containing  the  swine  doors,  concrete  platforms  3  ft.  wide  are  extended  to  prevent 
Dting  next  to  the  building. 

INDUSTRIAL  PLANT  LAYOUT  AND  GENERAL  DESIGN 
By  Harry  L.  Gilman 

The  design  of  a  modern  industrial  plant  is  an  important  and  complicated  problem.  From 
e  selection  of  the  site  to  the  turning  out  of  the  first  finished  product,  every  step  must  be  care- 
lly  thought  out.  The  work  should  be  entrusted  only  to  an  engineer  of  wide  and  general 
perience;  to  one  who  is  constantly  taking  up  and  solving  new  problems  in  transportation, 
mdling  of  materials,  routing  of  work,  power  generation  and  transmission,  fire  prevention 
id  protection,  foundations,  structures  and  materials.  In  addition  to  the  above  prerequisites, 
e  engineer  in  charge  should  also  have  a  good  working  knowledge  of  manufacturing  processes 
id  machinery  in  all  lines,  as  this  frequently  enal:)lcs  him  to  approach  a  new  problem  to  better 
[vantage  than  the  specialist.  But  it  should  not  be  inferred  that  the  engineer  himself  should 
ive  the  complete  knowledge  necessary  to  enable  him  to  build  alone  any  kind  of  a  manufactur- 
g  plant.  In  a  chemical  works,  for  instance,  he  must  turn  to  thenianufacturing  specialist  for 
Ip  in  working  out  processes  and  equipment. 

The  work  of  the  engineer  in  designing  industrial  plants  is  outlined  in  a  general  way  in  this 
lapter. 

122.  Locating  An  Industry. — The  engineer  will  frequently  be  called  upon  to  assist  in  the 
iportant  matter  of  locating  an  industry.  There  are  several  factors  which  enter  into  the 
lection  of  the  location  of  a  factory,  and  upon  which  the  engineer  is  called  to  report,  such  as 
lurces  of  raw  materials,  labor,  power,  market  for  finished  product,  and  shipping  facilities, 
aper  mills,  for  instance,  particularly  those  using  wood,  are  best  located  near  forests  and  on 
vers  which  furnish  w^ater  for  use  in  the  processes,  power  for  operating  the  niachinery,  and  the 
eapest  means  of  bringing  logs  to  the  mill.  They  must  also  have  suitable  railroad  or  other 
ansportation  facilities.  In  general,  a  plant  using  large  tonnage  of  raw  material  should  be 
cated  near  the  source  of  this  material.  Again,  a  plant  requiring  a  large  amount  of  power 
lould  be  located  where  cheap  power  is  available.  . 

Industries  in  which  labor  produces  a  great  part  of  the  value,  as  in  cotton  mills,  shoe  factories,  etc.,  require  a 
lod  labor  market  near  at  hand  of  the  class  of  employees  desired.  For  this  reason  several  cities  have  become 
ge  centers  for  special  industries,  as  Lowell,  Lawrence,  and  Fall  River,  Mass.,  in  the  textile  industry;  and  Lynn, 
iass.,  for  shoes,  etc.  However,  some  of  the  advantages  of  such  places  as  these  have  been  lost  on  account  of  increas- 
g  labor  troubles. 

Other  industries  require  an  isolated  location  on  account  of  obnoxious  or  dangerous  fumes,  or  danger  from 
plosions;  others  require  large  cheap  areas  on  account  of  the  amount  of  ground  covered.  Factories  which  consume 
mi-finished  materials,  such  as  clothing,  printing,  binding,  etc.,  use  a  large  portion  of  hand  labor  and  are  usually 
cated  in  large  cities  where  labor  is  plenty.  Ordinarily  in  these  plants  the  tonnage  of  product  is  not  such  as  to 
quire  the  best  shipping  facilities. 

123.  Selecting  A  Site. — Local  considerations  entering  into  the  selection  of  a  site  for  an 
dustry  are:  transportation  facihties;  side  tracks  on  to  property  if  tonnage  is  large;  and  separate 
"acks  for  receiving  and  shipping  where  the  business  is  extensive.     The  area  selected  should  be 
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ample  for  present  and  future  needs,  and  the  site  should  be  convenient  to  smtable  resider 
sections  for  emploj^ees.  This  is  important  and  many  manufacturers  are  investing  much  caj 
to  provide  suitable  and  attractive  homes  for  their  employees,  with  the  object  of  reducing 

labor  turnover  and  improving  both  quantity 
quality  of  output  from  the  weU-housed,  and  th 
fore  better  contented  labor,  with  a  probable  re( 
tion  of  labor  troubles.  The  nature  of  the  1 
effects  the  construction  cost  of  the  plant.  CI 
land  requiring  expensive  filUng  and  pile  foundat 
is  often  more  expensive  than  more  costly  land  o 
ing  good  foundations.  Borings  and  tests  shoul 
made  and  the  cost  of  foundations  investiga 
The  accessibiUty  of  public  faciUties  should  be  < 
sidered  in  selecting  a  site;  as  fire  and  poUce  pro 
tion,  water,  gas  and  electrical  supplies,  and  st 
railways  all  have  a  direct  bearing  on  the  prob 
and  effect  efficient  operation. 

A  plant  located  in  or  near  a  large  city  has  both  ad 
tages  and  disadvantages.  It  has  a  large  labor  market,  bu 
labor  is  not  so  reliable  and  labor  troubles  are  more  freqi 
However,  an  industry  in  which  the  labor  requirement  fli 
ates  at  different  seasons  is  probably  better  located  near  a . 
labor  market.  It  should  be  noted,  however,  that  the 
efficient  employees  are  those  trained  in  the  plant,  livii 
homes  which  they  own  and  with  surroundings  which  in 
a  feeling  of  contentment,  remaining  year  after  year. 
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Labeling  and  packing 


Fig.  47.- 


Shipptng 

-Routing  diagram,  vitrified  grinding  wheel 
works. 


124.   Preparation    of    Plans. — The    engii 

should     first    obtain    all    necessary    informa 

relative  to  machinery  and  processes,  quantity  of  raw  materials  to  be  handled,  and  finished  pi 

A  flow  sheet  should  be  prepared  particularly  for  plants  where  one  or  rr 


uct  to  be  turned  out. 


Fig.  48. — Flow  sheet  for  crushing  plant,  Compagnie  General  Des  Meules,  Paris,  France. 

materials  pass  through  several  continuous  operations.  This  is  best  explained  by  the  examj 
(Fig.  47)  flow  sheet  for  a  plant  for  the  manufacture  of  vitrified  grinding  wheels.  With  tl 
should  be  determined  the  number,  capacity,  makes,  etc.,  of  the  various  units  of  equipme 
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luired.  This  is  the  simplest  form  of  flow  sheet,  merely  showing  sequence  of  operations.  It 
^1  followed  either  by  a  routing  diagram,  or  by  a  complete  flow  sheet  showing  tentatively  the 
"  ation  of  machinery  and  means  of  handhng  the  material  from  one  process  to  the  next,  as 

vators,     conveyors,     gravity 

Jtes,  etc.     In  Fig.  48  is  shown 

ih  a  sheet  for  a  crushing,  wash- 

;  and  roasting  plant  for  abra- 

es  for  the  Compagnie  General 

;  Meules,  Paris,  France.    This 

V  sheet  determines  the  neces- 

y  height  of  the  buildings,  and 

m  it  the  floor  plans  may  be 

rked  out,  as  shown  in  Fig.  49. 

With  this  flow  sheet  and  a  survey 
he  site,  the  engineer  will  make  up  a 
k  plan  of  the  proposed  plant,  with 
ches   from    which   an    estimate  of 

can  be  made.  The  survey  should 
jde  tests  or  borings  of  the  soil,  par- 
larly  if  heavy  foundations  are  to  be      ^'°-   49.— First   floor  of  crusher  building  for  Compagnie   General  Dea 

I,   .       ,  ,  .  ,  ,,     ,  Meules,  Pans,  France. 

t.     It  IS  01  great  importance  that 

s  and  a  general  idea  of  the  arrangement  and  operation  shall  be  thoroughly  understood  by  all  parties  interested, 
3  to  avoid  expensive  changes  after  work  is  started. 

125.  Shipping  Facilities. — Ample  side  tracks  should  be  provided  both  for  receiving  and 
iping.     Frequently  a  separate  siding  is  installed  for  receiving  fuel;  in  any  event  this  should 

BENT  5T. 


M  UN  ROE     ST. 


Fig.  49A. 


0  arranged  that  coal  may  be  unloaded  at  the  proper  point  without  interfering  with  handling 
ther  incoming  or  outgoing  material.  The  track  layout  and  block  plan  for  a  large  machine 
ks,  shown  in  Fig.  49.4,  is  a  good  illustration  of  trackage  required  for  a  plant  handhng  in  and 
some  300  tons  per  day. 
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Shipping  accommodations  should  be  worked  out  in  connection  with  the  flow  sheet  and  routing  diagrams,  wi 
due  consideration  to  the  kind  of  materials  to  be  handled;  for  instance,  a  foundry  should  have  its  track  covered 
a  travelling  or  other  crane  unloading  the  iron  with  an  electro-magnet,  which  will  also  serve  to  load  the  same  mater 
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Secf  fon  'A-A"  Through  Foundry 


fbffem  shop  Plata  shcf>  Combined  shop  Off  lea 

Fig.  51.— Mead-Morrison  Mfs-  Co. 

to  the  charging  platform,  as  shown  in  plan  and  section  of  the  Putnam  Machine  Company  foundry  (Fig.  50).  0 
material  must  be  loaded  from  a  shipping  platform  alongside  the  freight  house,  which  may,  if  Quantities  and  0 
arrangements  will  permit,  serve  both  for  shipping  and  receiving. 
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126.  Type  of  Buildings. — The  type  of  buildings  is  determined  to  a  great  extent  by  tlie 
character  of  worlc  to  be  done,  or  the  machinery  to  be  housed.  Plants  equipped  with  heavy 
machinery  or  making  heavy  product  are  usually  one  story  buildings;  as  rolUng  mills,  large 
machine  works,  foundries,  paper  mills,  etc.  (see  Figs.  51,  52,  53,  and  54).  Heavy  machines, 
erecting,  etc.,  are  located  in  the  bays  served  by  travelhng  cranes,  while  the  Hght  machines  are 
in  the  side  bays  which  frequently  have  a  second  or  mezzanine  floor,  as  in  Figs.  52  and  53.  These 
buildings  are  well  lighted  by  windows  in  monitors  and  in  the  high  bays  above  the  roofs  of  the 
lower  side  wings.     Paper  mills  usually  have  one  story  and  basement.     The  machines  which 


■SCO- 


FiQ.  52. — Blake-Knowles  cylinder  shop 


Fig.  53. — Reinforced  concrete  machine  shop. 


FiQ.  54. — Putnam  machine  shop — cross  section. 

are  up  to  200  ft.  in  length  require  substantial  foundations,  and  basements  are  used  for  pumps, 
machine  drive  shafts,  stuff  chests,  etc. 

Another  type  of  building  much  used  for  nearly  all  cla-sses  of  light  manufacturing  is  the  one 
story  saw-tooth  building,  which  from  its  method  of  Ughting,  may  be  of  any  width  and  length. 
This  type  is  well  adapted  to  weave  sheds  of  textile  mills  which  require  good  lighting;  in  fact,  it 
was  originally  developed  for  that  purpose.  They  are  well  suited  to  any  class  of  manufacture 
adapted  to  single  floor  operation,  where  heavy  overhead  cranes  are  not  required  and  where  the 
cost  of  land  is  not  prohibitive. 

The  machine  shops  sho  wn  in  Figs.  51  and  54  have  a  combination  of  saw-tooth  and 
monitor  construction,  making  excellently  lighted  shops  of  large  floor  area,  bringing  all 
related  departments  in  close  and  convenient  touch  with  each  other  instead  of  bemg  in 
isolated  buildings.  The  small  automobile  plant  shown  in  Fig.  55  is  a  one-story  con- 
struction, saw-tooth  roof,  long  span  trusses  eliminating  columns,  grouping  all  opera- 
tions m  the  several  wings  in  such  manner  that  all  material  flows  through  from  the 
assembled  parts  to  the  finished  car. 

High  or  multi-story  buildings  are  necessary  where  processes  are  continuous,  so 
that  material  may  be  elevated  to  the  top  and  flow  by  gravity  from  one  process  to 
mother,  as  in  crushing  plants,  flour  and  sugar  mills,  etc.      Multistory  buildings  are 

iso  necessary  on  expensive  city  land.     The  height  of  the  building,  unless  governed 

b'  the  requirements  of  the  processes,  will  be  fixed  by  the  cost  of  construction  or  by 

tb  city  building  laws.     They  are  also  better  adapted  to  many  classes  of  industries, 

as  textile   mills    (except    weave   sheds),    paper   box,  candy,  furniture  factories,  etc. 

Tb  cost  per  square  foot  of  floor  space  fcxclusive  of  foundations)  does  not  differ  greatly 

froii  the  cost  of  one-story  saw-tooth  buildings.     The  total  cost  of  each  depends  much 

on  tie  foundations. 

127.  Loft  Buildings,  Industrial  Terminals. — This  class  of  buildings  erected  in  the  larger 
citifs  for  the  housing  of  several  small  industries  for  light  manufacturing  purposes,  is  usually 
desgned  without  regard  to  any  particular  industry,  but  to  give  good  hghting  and  as  large  and 
unobstructed  floor  area  as  possible.  They  are  usually  of  fireproof  construction,  with  large 
wiidows  and  must  have  ample  elevator  service,  stairways,  fire  escapes  and  exits  to  provide 
safe  and  easy  access  and  egress  in  case  of  fire  or  panic.  Ample  eleistric  lighting  and  power 
service  should  be  provided. 

The  Industrial  Terminal,  a  development  of  recent  years  and  now  in  operation  in  several  large  cities,  consists  of 
1  large  group  of  buildings  for  manufacturing  and  storage,  built  with  the  idea  of  giving  to  smaller  individual  firms 
Jill  the  facilities  of  the  largest  industrial  plants.     It  has  a  large  central  power  plant  to  furnish  heat,  light,  and  power 


Fig. 


55. — Small   automo- 
bile factory. 
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at  the  lowest  cost  to  tenants.  Freight  and  express  houses  are  maintained,  with  a  large  force  of  employees  to  render 
every  service  required.  The  buildings  should  be  of  the  most  modern  fireproof  construction,  usually  of  remforced 
concrete,  six  to  ten  stories  in  height.  Floor  space  of  such  area  as  desired  is  rented  to  various  firms  with  all  facilities 
furnished.  The  cost  of  insurance,  watchmen's  service,  fire  protection,  teaming,  and  freight  handlmg  are  much 
reduced  over  that  in  the  smaller  individual  plant.  Some  of  the  larger  loft  buildings  furnish  this  service  to  a  great 
extent.  These  buildings  should  be  designed  witn  high  ceilings,  the  greatest  possible  amount  of  window  space,  and 
a  width  of  60  to  80  ft.     The  storage  buildings  may  be  wider  if  desired. 

Ample  elevator  service,  both  passenger  and  freight,  wide  stairways,  and  streets  suflSciently  wide  to  allow  good 
lighting  of  the  lower  stories,  should  be  provided.  If  buildings  are  intended  for  the  lightest  class  of  manufacturing 
150  lb.  live  load  per  sq.  ft.  is  sufficient,  but  for  general  purposes  loads  should  not  be  restricted  to  less  than  200  lb. 
per  sq.  ft.  The  larger  plants,  besides  furnishing  tenants  with  electricity  and  heat,  also  furnish  gas  for  fuel,  steam, 
water,  and  compressed  air,  all  from  the  central  plant.  Naturally  these  terminals  must  be  located  near  ample  hous- 
ing area  for  employees  and  in  large  shipping  centers. 

128.  Materials  of  Construction.— In  selecting  materials  for  construction  of  an  industrial 
plant,  the  engineer  will  be  guided  by  the  type  of  buildings  required,  hmits  of  •cost,  and  local 
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Fig.  56. — Spandrel  sections. 


FiQ.  57. — Spandrel  section,  Blake  Knowles  Brass  Fouidrv 


material  market.  For  the  multi-story  building,  reinforced  concrete  is  one  of  the  best  and  nost 
economical  materials.  It  makes  the  least  expensive  entirely  fireproof  building,  and  withstands 
fire  with  the  least  damage,  as  proven  by  the  Baltimore  and  San  Francisco  conflagrations,  an>l 
the  fire  in  the  Edison  Phonograph  plant. 

The  various  systems  of  the  concrete  floor,  beam,  and  column  construction  are  treated  in 
other  chapters.  Outside  walls,  while  sometimes  built  of  concrete,  more  often  have  a  skeleton  of 
concrete  columns,  spandrel  beams,  lintels,  etc.,  and  panels  filled  in  with  brick,  terra  cotta  hollow 
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ilo,  or  cement  stucco  on  metal  lath.  It  is  desirable  for  heat  insulation,  as  well  as  to  prevent 
iioisture  working  through,  to  have  an  air  space  in  the  curtain  walls.  Sections  shown  in  Fig.  56 
ndicate  the  most  common  methods  of  constructing  certain  walls.  Hollow  tiles  give  excellent 
nsulation  and  may  be  either  plastered  outside  witli  cement  mortar  (in  which  case  the  scored 
iles  for  plastering  should  be  used)  or  smooth  face  tile  may  be  laid  with  good  joints  and  left 
vithout  further  finish,  if  low  cost  is  an  object.  Another  method  is  to  lay  a  4-in.  face  of  brick, 
jonded  to  hollow  tile  backing.     These  tiles  are  made  from  2  to  12  in.  thick. 

For  one-story  machine  ghops  of  the  type  shown  (Fig.  57),  brick,  concrete,  or  hollow  tile  curtain  walls  are  used 
,vith  either  brick  or  concrete  piers  or  steel  columns  encased  in  brick.  Interior  columns  are  of  steel,  as  are  trusses 
ind  purlins  with  concrete  roof  slabs,  or  heavy  timber  purlins  with  plank  roof.  In  buildings  where  sprinklers  must 
30  installed  on  account  of  the  contents,  the  wood  roof  will  be  the  cheaper,  but  in  cases  where  sprinklers  must  be 
nstalled  only  on  account  of  the  wood  roof,  the  concrete  roof  will,  as  a  rule,  be  found  the  more  economical. 

There  are  also  several  concrete  tile  and  gypsum  tile  roofs  on  the  market  which  are  used  to  some  extent.  Re- 
nforced  concrete  is  not  adapted  to  replace  the  long  span  steel  trusses  required  in  this  type  of  building.  A  roof  span 
jf  40  ft.  is  probably  about  the  practicable  maximum  for  concrete  with  .30-ft.  span  for  floors;  in  some  cases,  however, 
onger  spans  have  been  found  practicable.  Fig.  53  shows  a  machine  shop  100  ft.  wide,  built  entirely  of  reinforced 
:oncrete,  of  a  practical  and  economical  design. 

Brick  and  heavy  timber  buildings  of  the  so-called  "slow-burning"  construction,  as  developed  in  New  England 
^adapted  to  either  one-story  or  multi-story  buildings),  are  treated  in  Sect.  3. 

The  one-story  saw-tooth  building  is  generally  built  with  brick,  tile,  or  concrete  walls,  and  either  with  long  span 
russes  spaced  about  20  ft.,  or  columns  carrying  girders  and  purlins  and  spaced  20  to  25  ft.  each  way.  Steel  trusses 
jf  60-ft.  span,  thus  eliminatmg  two-thirds  of  the  columns,  have  been  found  by  the  writer  to  be,  as  a  rule,  as  inexpen- 
jivo  as  the  column  type  without  trusses.     The  roof  may  be  oi  concrete  on  steel  purlins  or  plank  on  wood  purlins. 

Concrete  is  used  to  some  extent  in  saw-tooth  construction  but  on  account  of  complicated  form  work  is  rather 
expensive. 

129.  Foundations. — Care  must  be  taken  that  foundations  for  heavy  machinery  are  ample 

I  to  absorb  vibrations.  If  vibration  is  considerable,  as  in  steam  or  power  hammers  or  jarring 
machines  for  foundries,  the  foundations  should  be  separated  entirely  from  all  building  structures 
or  other  foundations. 

130.  Floors. — Floors  should  be  designed  to  provide  for  any  future  changes  that  may  be 
foreseen,  particularly  if  the  floors  are  of  reinforced  concrete,  and  sleeves  should  be  set  in  floors 
where  pipes,  etc.,  are  to  run.  Conduits  should  be  properly  placed  and  openings  provided  for 
belts,  shafting,  etc.,  properly  protected.  Where  apparatus  must  be  taken  through  floors,  ample 
openings  and  trap  doors  or  removable  floor  slabs  should  be  provided. 

131.  Lighting. — Provision  for  lighting  should  be  carefully  worked  out,  always  remembering 
that  daylight  is  cheapest  and  most  eflficient.     Windows  should  be  wide,  as  a  rule  placed  about 


Fig.  58. — Shop  with  steel  sash  and  brick  pilasters. 


Fig.  59. — Shop  with  continuous 


4  ft.  above  the  floor  and  the  tops  as  close  to  the  ceiUng  as  possible.  One-story  saw-tooth  build- 
ings should  have  the  saw-tooth  windows  facing  north,  to  avoid  direct  sunhght.  Steel  sashes 
of  which  there  are  now  several  standard  makes  on  the  market,  should  always  be  considered  in 
designing  a  factory.  The  Ught  area  of  steel  sashes  is  80  to  90%  of  the  total  window  area, 
against  50  to  70%  for  wooden  windows  and  frames.  The  cost  of  steel  sash  is  no  greater  and  is 
often  less  than  for  wooden  windows.  Ventilation  with  steel  sashes  may  be  as  large  as  desired. 
With  equal  care  (proper  painting)  steel  windows  will  outlast  wood.  Two  types  of  steel  window 
Hghting  are  shown  in  Figs.  58  and  59.     One  type  has  large  windows  between  brick  or  concrete 
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piers;  the  other  type  has  steel  wall  columns  and  sashes  set  outside  the  Une  of  columns  to  fom 
continuous  sashes.  Artificial  lighting  is  covered  in  the  chapter  on  "Electric  Lighting  an( 
[lluniination"  in  Part  III,  Sect.  17. 

132.  Heating  and  Ventilation:— This  is  discussed  in  Part  III.  However,  the  enginee 
should  use  care  in  placing  heating  apparatus,  to  occupy  as  Httle  as  possible  of  important  work 
ing  space.  The  writer  has  seen  large  heaters  so  located  in  foundries  and  machine  shops  as  t< 
displace  several  important  machines,  reducing  the  production  of  the  plant  that  amount.  Car. 
should  be  taken  to  see  that  pipes  do  not  interfere  with  the  operation  of  cranes  and  other  appara 
tus.  TJiis  apphes  also  to  plumbing,  compressed  air,  oil  piping,  etc.  All  piping  and  wiring  plan; 
should  be  carefully  checked  with  structural  and  layout  plans  to  see  that  there  is  no  interference 
A  composite  plan,  locating  all  apparatus  on  one  sheet,  will  assist  in  checking  clearances. 

133.  Cranes.— Attention  should  be  paid  to  obtaining  the  proper  clearance  and  ample 
support  for  all  cranes,  monorail  hoists,  jib  cranes,  etc.,  and  contract  drawings  of  apparatus 
should  be  checked  over  to  see  that  proper  clearances  have  been  aUowed.  Shop  drawings  ol 
structural  steel  work  should  be  carefully  checked  for  the  same  reason. 

134.  Conduits.— Conduits,  panel  boxes,  and  other  electrical  apparatus  should  be  located 
to  clear  other  apparatus,  also  to  secure  ease  of  operation  and  accessibiUty  for  repairs  and  altera- 
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Fig.  60. — Plan  of  basement,  Blake- Knowles  brass  foundry,  Cambridge,  Mass. 

tions.  Outlets  should  be  provided  wherever  they  may  be  needed.  Conduits  for  wires  n^ay 
usually  be  placed  in  concrete  floors  before  pouring  of  concrete,  but  care  should  be  taken  no ;  to 
place  them  where  openings  may  be  made  in  floors. 

135.  Transportation.— The  handhng  of  materials  (raw,  finished,  and  in  process)  is  a  subject 
which  requires  careful  study.  Handhng  by  manual  labor  is  generally  the  most  costly  method. 
Conveyors  should  be  installed  wherever  they  will  displace  suflicient  manual  labor  to  warrant 
the  investment,  and  this  must  be  determined  by  the  engineer  in  each  case.  Frequently  plants 
requiring  continuous  operation  may  utihze  gravity  for  a  large  part  of  the  handhng,  as  indicated 
by  flow  sheet  of  the  Abrasive  Crushing  Plant  (Fig.  48). 

Granular  materials  are  handled  by  bucket  elevators,  belt,  scraper,  screw  conveyors,  etc.  Logs,  wood,  b.ags, 
and  similar  materials  are  handled  by  belt,  endless  chain,  or  gravity  conveyors  of  various  types.  Gravity  convey.-jre 
consist  of  a  series  of  rollers  close  together  and  on  a  slight  pitch,  so  that  materials  wUl  be  carried  down  by  their 
own  weight.  These  conveyors  require  no  expense  for  power;  hence  are  economical.  A  good  example  of  a  conveyor 
system,  which  saves  sufficient  labor  to  pay  for  the  installation  every  two  to  three  years,  is  shown  on  the  plans  of  the 
Blake-Knowlfs  Rrass  Foundry  (Figs.  00  to  63  inclusive). 


;c.  4-136] 


GENERAL  DESIGNING  DATA 


795 


Another  important  labor-saving  appliance  is  the  elevating  truck,  of  which  there  are  now  many  on  the  market. 
ir  :ire  used  in  factories  of  all  kinds,  materials  in  process  being  piled  on  movable  platforms  or  racks,  an  elevating 
,  I  lacked  under,  (he  load  raised  from  the  floor  and  moved  on  to  the  next  operation,  or  wherever  desired.  Steel 
ii\-en  racks  built  so  as  to  be  handled  by  these  tracks  have  proved  a  very  efficient  system  in  at  least  one  large 
iliy  installation  designed  by  the  writer. 


-10 Bays  (SS0'0''2O0-0- 


Reference  leffers 

A  75'^Hawley  furnaces-  cxipaafy  7500  lb  G  40'x5Cf  Pneumafic  jarnng  machine 

B  60'Harvley  furnaces-  capacify  15001b.  H  Ploi^form  e/evafor 

C  42  Haw  ley  furnace  -  capacity  1000  lb.  J  Molc/mg  sand  spou/s 

D  Babbill  metfing  furnace  K  Time  clock 

E  Lacf/e  heafer  L  3  Ton  electric  hoisf  Jib  crane 
r  84-'x  1^0' Pneumafic  Jarring  machine 

Fia.  61. — Plan  of  first  floor,  Blake-Knowles  brass  foundry,  Cambridge,  Mass. 


Reference  letters 
J  Molding  sand  spouts 
t^  Lara^orres 
ft  5ho>ver  batti 
0   5lop  sinks 
P  Lockers 

Fig.  62. — Plan  of  second  floor,  Blake-Knowles  brass  foundry,  Cambridge,  Mass. 

136.  Fire  Prevention  and  Fire  Protection. — Important  considerations  in  the  design  of 
lustrial  plants  are  the  prevention  of  fires  and  the  confining  of  fires  which  do  start  to  the 
lallest  possible  areas.  The  following  from  a  pamphlet  of  the  Factory  Mutual  Insurance  Com- 
nies  are  excellent  rules  to  follow,  whatever  the  class  of  building: 

Hazardous  processes  should  be  located  in  detached  buildings,  or  in  rooms  cut  off  from  the  remainder  of  the 
ildings  by  fire  walls.     Buildings  of  large  area  should  be  divided  by  fire  walls,  especially  when  containing  com- 
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bustible  materiala,  in  order  to  limit  the  extent  of  any  fire  that  may  start.  Although  reinforced  concrete 
struction  can  withstand  a  severe  fire  without  great  damage,  an  automatic  sprinkler  system  with  adequate  w 
supply  is  necessary  to  protect  the  contents,  if  combustible.  Sprinklers  wiU  extmguish  or  control  most  fires  at 
start  and  protect  the  building  as  well  as  contents.  Buildings  subject  to  fire  exposure  (outside)  should  have 
terior  door  openings  protected  by  fire  doors,  and  wmdow  openings  protected  by  wired  glass  in  metal  frames,  s 
ters,  or  open  sprinklers,  or  by  a  combination  of  these,  depending  on  character  of  buildings  and  severity  of  expos 
Experience  shows  that  in  concrete  construction,  corners  are  a  source  of  weakness  when  exposed  to  fire, 
should  be  avoided  wherever  possible.     The  round  column  is  the  better  design. 


4» 50-0'- 


fo-o"- 

ffeference  lef-fers 

^  75  Hawlrf  furnace -capacrfy  75001b.      0  Ingaf  conveyor  and  devafcr 

B  6(fH<Tr/ley  furnace  -  capacJfy  £500  lb.      ff  Mo/d/nff  sand  conveyor 

H  P/affbrm  eieyafor  5  Stacks  oyer  fumacee 

J  Molding  sand  spoufs  T  Top  hunj  monitor  sash 

FiQ.  63. — Cross  sectjon,  Blake- Knowles  brass  foundry,  Cambridge,  Mass. 

137.  Planning  for  Future  Growth. — One  very  important  point  for  the  engineer  to  consi 
in  designing  an  industrial  plant  is  provision  for  future  growth.  All  departments  should  be 
designed  when  possible  that  they  may  be  enlarged  at  any  time  with  the  least  expense  i 
interference  with  operation  of  the  plant.     The  plan  of  the  paper  board  mill  (Fig.  64)  is 

example  of  plant  design  with   a  view   to  fut 
growth,  even  to  four  times  its  present  capac: 
without  disturbing  the  present  arrangement 
interrupting  the  operation. 

The  present  plant  uses  only  waste  paper  st<i 
and  makes  a  common  grade  of  "New  Board,"  so 
wood  fiber  being  used  for  liners  or  outside  surf; 
to  strengthen  board  for  making  heavy  packing  cat 
Provision  has  been  made  for  a  future  rag  hen 
for  preparing  rags,  sorting,  dusting,  cutting,  a 
boiling,  ready  for  the  beater  room.  A  new  pa) 
machine  of  the  Fourdrinier  tj'pe  will  be  instaL 
in  the  present  machine  building,  for  making  higl 
grade  or  rag  papers.  Provision  is  made  for  exter 
ing  power  house,  beater  room,  a  new  machine  roo 
and  finishing  room,  and  in  these  can  be  added  t 
more  paper  machines  with  the  other  equipmt 
required,  of  such  type  as  will  fill  the  demands  of  t 
market.  While  the  present  capacity  is  75  tons  { 
day  the  additions  will  bring  the  capacity  up  to  150 
300  tons  per  day,  depending  on  the  class  of  machine 
installed  and  the  kind  of  paper  produced. 

138.  Power  Plants. — The  determination  of  power  requirements  in  general  is  usually  fix 
by  the  location  of  the  industry.  As  stated,  some  industries  require  large  amounts  of  che. 
power  and  so  are  located  where  water  power  is  available,  either  by  purchase  from  a  pow 
company  or  by  the  construction  of  a  hydraulic  power  plant.  Other  plants,  if  quite  extensive 
if  isolated,  have  their  own  steam  plants,  and  many  smaller  or  moderate  sized  ones  buy  the 
power  from  a  local  electric  company.     The  design  of  power  and  hghting  facilities  requires,  fin 


ffiver 
Fig.  64. — Paper  board  miU- 


-block  plan. 
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refill  study  of  power  requirements;  that  is,  amount  of  power  required  and  how  it  is  to  be  dis- 
1  lilted,  whether  by  hne  shafting  belts  and  gears,  direct  from  the  engines  or  water  wheels,  or  by 
ictric  motors.  In  most  industrial  plants  today  electric  current  is  distributed  about  the  plant 
1  wiring  system,  and  machines  are  driven  either  singly  or  in  groups  by  motors.  Alternating 
I iront  with  induction  motors  is  most  used  for  constant  speed  drives  on  account  of  their  sim- 
, city  and  durability  and  freedom  from  sparking.  For  travelhng  cranes,  hoists,  and  machines 
riuiring  variable  speed  drive,  direct  current  motors  are  used  more  frequently  at  present. 


Fig.  65. — 1500  kw.  Blake-Knowles  power 
plant,  East  Cambridge,  Mass. 


Fig.  66. — 4000  hp.  boiler  house. 


JH, 


The  steam  power  plant  for  larger  industries  will  usually  consist  of  water  tube  boilers  of  300  to  600  hp.,  in  batter- 
of  two  each,  and  with  steam  turbines  and  generators.  The  installation  of  condensing  engines  will,  to  a  great 
ent,  depend  on  the  amount  of  steam  used  for  heating  and  other  purposes.  In  some  cases  an  air  compressor  is 
tailed  in  the  power  plant  and  compressed  air  piped  to  the  buildings.  Proper  and  ample  coal  storage  and  han- 
ag  facilities  should  be  installed.  The  usual  type  of  power  houses  is  shown  in  Figs.  65,  66,  and  67. 
'  Fig.  65  shows  cross  sections  of  a  steam  power  plant  of  1500  kw.  capacity,  with  1200  hp.  of  water  tube 
Hers.  There  are  two  750  kw.  turbmes  with  condensing  equipment.  The  turbines  are  on  the  mezzanine  floor 
which  is  served  by  a  5-ton  travelling  crane.  Auxiliary  machinery,  with 
a  1000  c.f.m.  air  compressor,  is  on  the  ground  floor. 

Fig.  66  shows  a  typical  boiler  tiouse  with  a  double  row  of  water 
tube  boilers  facing  a  center  aisle,  overhead  coal  bunker  and  automatic 
stokers. 

Where  space  is  limited,  vertical  water  tube  or  the  Manning  type 
boilers  are  frequently  installed,  as  in  Fig.  67,  where  the  width  has  been 
reduced  to  30  to  35  ft.;  and  even  less  is  possible.  The  overhead  coal 
bunker  in  a  boiler  house  calls  for  substantial  construction  and  the 
installation  of  elevating  and  conveying  machmery  for  handling  coal. 

There  are  several  types  of  bunkers  of  reinforced  concrete  carried  on 
steel  columns,  while  that  in  Fig.  67  is  a  steel  suspension  bunker  lined 
with  concrete.  In  Fig.  68  is  shown  a  large  concrete  coal  pocket  of  5000 
tons  capacity,  300  ft.  long,  designed  to  give  additional  storage  capacity 
to  the  plant  shown  in  Fig.  66. 


iG.  67. — Section  of 
10  hp.  boiler  house 
h  vertical  boilers. 


Fig.  68.— Sec- 
tion of  a  large  con- 
crete coal  pocket. 


139.  Metal  Working  Industries. — The  metal  working  industries  are  probably  the  most 

i  portant  as  well  as  the  most  varied  of  the  industries.     The  industrial  engineer  is  interested 

rtieularly  in  machine  works,  foundries,  and  factories  producing  metal  goods  from  the  semi- 

ished  material.     Machine  works  are  usually  housed  in  a  group  of  buildings,  each  one  designed 

pefially  for  its  particular  department.     The  iron  or  steel  foundry  is  practically  always  in  a 

•  e-story  building  with  one  or  more  bays  or  aisles  of  sufficient  height  to  contain  traveling  cranes 

r  handling  heavy  flasks,  ladles  and  castings.     There  should  be  sufficient  clearance  under  the 

ane  hook  to  allow  of  turning  the  largest  flasks  to  be  used.     The  melting  department  is  usually 

tlie  center  of  a  side  bay  with  a  charging  floor  at  the  proper  height  for  charging  the  cupola. 

he  foundry  building  should  be  of  fireproof  construction,  and  provide  for  ample  Ught  and 

!ntilation  to  remove  troublesome  fumes  and  smoke. 
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140.  Foundries. — Much  of  the  manual  labor  formerly  required  in  foundries  has  been  di 
placed  by  modern  machinery  and  appliances.  Molding  machines  are  made  suitable  for  prac 
cally  all  small  or  moderate  sized  work;  in  fact,  the  writer  has  installed  turnover  molding  machin 
up  to  44  X  56  in.,  and  large  sizes  are  made  and  used  successfully.  Jarring  machines  may  1 
installed  up  to  10  ft.  square  or  larger,  saving  much  labor,  and  allowing  of  a  greater  tonnaj 
production  per  square  foot  of  molding  floor.  Careful  study  should  be  given  the  problem 
handling  materials.  In  iron  and  steel  foundries  the  pig  iron  and  scrap  should  be  stored  whe 
it  is  easily  accessible  to  a  travelhng  crane  with  electro-magnet,  or  other  means  to  place  the  met 
as  required  directly  on  the  charging  floor. 

In  the  Putman  Foundry  (Fig.  50)  a  gantry  crane  serves  to  unload  metal  from  the  cars 
pile  it  in  the  yard,  and  also  to  load  small  dump  cars  on  the  cupola  charging  floor.  Coke 
handled  by  the  same  crane  with  a  grab  bucket.  Molding  sand  should  be  stored  where  it  w 
require  the  least  amount  of  shovelling  and  wheeling.  A  mixing,  tempering,  and  screenii 
machine  should  be  installed,  where  it  may  be  used  for  screening  the  used  sand  and  mixing  ne 
and  used  sand  in  proper  proportions.  Conveying  machinery  will  usually  be  found  a  go( 
investment  for  handling  the  molding  and  core  sand.  The  economical  handUng  of  sand 
illustrated  in  the  plans  and  description  of  the  Blake-Knowles  Brass  Foimdry  (Figs.  60  to  < 
inclusive). 

An  allotment  of  space  for  the  various  departments  of  a  foundry  will  be  determined  by  the  character  of  t 
work.  Metal  and  fuel  storage  is  usually  outside  the  building,  if  the  metal  is  iron  or  steel,  and  as  stated  before,  cc 
venient  to  the  cupola  and  furnace  charging  floor.  Brass  and  other  costly  metals  should  be  stored  where  only  t 
furnace  man  or  other  authorized  person  has  access  to  them.  The  melting  department  should  be  placed  both  wi 
reference  to  the  storage  of  raw  materials  and  to  the  handling  of  molten  metal  to  the  molding  floor.  For  heavj'  ca. 
ings  the  cupola  should  be  so  placed  as  to  run  the  metal  into  a  ladle  held  by  the  travelling  crane  which  will  carry 
directly  to  the  mold. 

Usually  the  heavy  molding  is  done  in  a  central  bay  which  is  served  by  travelling  cranes  for  handling  flasks  a 
metal.  The  light  work  is  usually  done  in  side  aisles  or  bays  which  will  be  equipped  with  such  molding  machir 
as  the  character  of  the  work  demands.  The  side  bays  shoiild  be  served  by  light  travelling  cranes  or  monor 
system. 

The  core  shop,  with  the  core  ovens,  is  usually  located  in  a  side  bay  or  wing.  It  is  weU  to  so  locate  the  core  sh 
that  the  ovens  may  include  one  or  more  large  ones  directly  accessible  to  the  main  molding  floor,  for  drying  out  lar 
loam  molds.  The  core  shop  in  the  Blake-Knowles  Brass  Foundry  (with  core  sand  mixer  in  the  basement,  and  e 
vator  bringing  the  sand  either  to  the  first  floor  or  to  the  women's  core  shop  on  the  mezzanine  floor)  is  well  arrang( 
In  many  cases  a  separate  core  shop  for  small  cores  to  be  made  by  women  has  been  installed  with  good  success, 
in  the  one  noted.  Ample  core  storage  and  pattern  layout  space  should  be  provided,  convenient  to  the  moldi 
floor. 

Toilet  rooms,  ample  and  convenient,  with  lavatory  and  shower  bath  equipment,  are  important  and  are  i 
quired  by  law  in  some  states,  as  are  also  individual  lockers  for  the  men. 

The  cleaning  department  is  the  one  most  frequently  neglected  or  insufficiently  provided  for. .  Its  size  ai 
equipment  depend  much  On  the  class  of  work  done.  One  or  more  sand  blast  rooms  are  required,  and  provisi 
should  be  made  for  handling  heavy  pieces.  This  department  should  be  located  nearest  to  the  machine  shop, 
castings  are  usually  taken  directly  there  for  finishing. 

141.  Machine  Shops. — The  design  of  machine  shops  depends  much  on  the  character  ■ 
work  to  be  handled.     Shops  producing  heavy  machinery  should  be  one-story  buildings  serv( 

by  travelhng  cranes,  as  in  Figs.  51,  52,  53,  and  5 
Fig.  51  shows  a  complete  plant,  producing  coal  ando: 
handhng  machinerj^  of  the  heaviest  type.  The  machii 
shop  of  this  plant  is  215  ft.  wide,  with  five  bays,  thn 
of  which  are  served  by  travelhng  cranes.  AU  machii 
tools  as  well  as  erecting,  finishing  and  shipping  depar 
ments  are  in  this  building,  tracks  into  the  buildir 
bringing  in  castings  and  shipping  the  finished  machine 
The  building  is  hghted  by  large  steel  sash  in  wall 
monitors,  and  saw-tooth  windows.     The  plateshop 

also  arranged  for  efficient  handling  of  materials  from  the  cars  in  the  end  of  the  building,  to  an 

from  the  machines. 

Fig.  52  shows  a  section  of  a  machine  shop  for  handling  only  heavy  work,  and  requiring  ver 

imited  space  for  small  tools,  office,  tool  room,  etc.     Fig.  53  is  a  reinforced  concrete  machin 
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Fig. 


69. — Cross  section  of  reinforced  concrete 
machine  shop  with  high  crane  bay. 


Sec.  4-142]  GENERAL  DESIGNING  DATA  799 

^liop  for  the  average  work.  This  is  an  economical  type  of  structure;  the  center  bay  is  lighted 
)>'  saw-tooth  windows  and  the  side  bays  have  two  floors  well  hghted  by  side  windows.  Wider 
<pans  than  those  shown  will  not,  as  a  rule,  prove  practicable  in  reinforced  concrete.  Fig.  54 
<hows  a  cross  section  of  a  machine  shop  of  the  Putnam  Machine  Company,  where  light  and 
luavy  machine  tools  are  produced  and  where  the  hghting  is  excellent  in  a  wide  building  housing 
11  departments  conveniently. 

Before  determining  the  type  of  building,  a  machinery  layout  should  be  prepared.  Cardboard  templates  of 
machines,  cut  out  the  scale  of  ttie  plan  to  be  made,  will  be  of  assistance  in  making  the  layout.  With  these,  aisles, 
storage  spaces,  and  machine  locations  can  be  determined.  Heavy  machines  should  be  placed  where  they  may  be 
served  by  cranes,  and  light  tools  in  side  bays.  Ample  space  should  be  allowed  for  passage  and  for  storage  of  waiting 
and  finished  material  near  the  machines.  The  tool  room  should  be  placed  where  the  least  amount  of  travel  will  be 
required  of  the  employees. 

It  should  be  remembered  that  castings  must  come  in  from  the  foundry,  usually  first  to  planers  and  then  on 
through  the  operations  of  boring,  milling,  drilling,  etc.,  to  the  erecting  shop.  Also  forgings  are  brought  from  the 
forge  shop,  and  shafting  and  bar  stock  from  storage,  and  these  all  go 
through  the  necessary  operations,  all  finally  going  to  the  erecting  shop,  or, 
in  the  case  of  smaller  parts,  perhaps  to  storage  for  finished  parts.  It  is 
common  practice  to  use  one  end  of  the  machine  shop,  where  the  heavier 
work  is  done,  for  erection  of  the  machines.  This  holds  true  only  with 
the  heavier  machinery  requiring  travelling  cranes  for  handling.  Light 
machines   or   metal   products,   as  phonographs,   sewing  machines,   etc., 
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usually  have  a  separate  room  or  building  for  assembling  and  erection.  Cross  Section  of  f^rge  Shop 

Works  for  the  manufacture  of  lighter  machinery  or  apparatus  from  Fia.  70. 

metal   may   be   of   the   one-story  saw-tooth   construction  type  covering 

large  areas,  or  multi-story  buildings  of  many  types.  However,  the  tendency  has  been  to  build  substantial  plants 
of  the  best  type  of  fireproof  construction,  as  usually  the  value  of  material  housed  from  raw  to  finished  product  is 
several  times  that  of  the  buildings,  so  that  reducing  the  fire  hazard  not  only  gives  greater  security  but  saves  heavy 
insurance  expense.     Many  plants  use,  or  require,  both  one-story  and  multi-story  buildings. 

142.  Forge  Shops. — Forge  shops  are  one-story  buildings  with  ample  means  for  ventilation 
and  the  removal  of  smoke.  Heavy  hammers  should  have  foundations  separate  from  the  struc- 
ture, and  should  be  placed  convenient  to  the  heating  forge.  Trusses  supporting  the  roof  should 
be  designed  to  carry  the  top  bearing  of  jib  cranes  which  serve  hammers  and  forges.  Fig.  70 
shows  a  good  design  for  forge  shop,  the  sloping  sides  of  the  monitor  having  top  hung  continuous 
steel  sash,  for  ventilation  as  well  as  good  hghting. 

143.  Pattern  Shops. — The  pattern  shop  and  pattern  storage  are  sometimes  in  the  same 
building,  but  usually  the  pattern  storage  building  is  an  isolated  fireproof  building  on  account 
of  the  valuable  and  inflammable  nature  of  its  contents.  The  value  of  the  patterns  may  not  be 
great  but  the  loss  occasioned  by  the  time  required  to  replace  them  might  be  extremely  heavy. 
The  pattern  shop  is  merely  a  small  wood  working  shop  equipped  with  machines  and  benches 
for  the  pattern  makers,  and  may  be  a  separate  building  or  a  room  in  a  single-story  or  multi-story 
building,  but  it  should  be  well  lighted,  and  means  should  be  provided  for  continuous  removal  of 
wood  shavings  and  waste,  which  being  from  dry  lumber,  is  of  an  inflammable  character. 

Paint  shops  and  storage  and  shipping  buildings  should  be  designed  to  suit  the  requirements 
of  the  materials  or  uses. 

144.  Wood-working  Shops. — Some  machine  works  require  extensive  wood-working  shops, 
and  in  general,  the  rules  for  design  of  machine  shops  apply  to  these,  except  that  as  a  rule  no 
travelling  cranes  are  required.  Planing  mills  and  railroad  car  shops  are  generally  housed  in  one- 
story  buildings,  except  that  the  lighter  work  may  be  done  in  two  or  three-story  buildings.  The 
lumber  passes  through  different  operations,  as  does  iron  and  steel  in  machine  shops.  There  is, 
however,  the  important  difference  that  the  inflammable  character  of  the  material,  as  well  as  the 
value  of  the  product  in  proportion  to  the  space  required  for  the  work,  does  not  as  a  rule  justify 
the  expenditure  for  costly  fireproof  buildings.  The  practice  most  justified  seems  to  be  to  build 
wood-working  .shops  at  least  partly  of  wood,  and  then  use  every  means  to  prevent  fires  and  to 
promptly  extinguish  them  when  they  do  start.  Proper  exhaust  or  blower  systems  should  be 
installed  for  removing  sawdust  and  shavings  as  fast  as  thej'^  are  produced.  Different  depart- 
ments should  be  divided  by  brick  fire  walls  and  be  in  isolated  buildings,  the  finished  product  being 
in  storehouses,  which  should  be  fireproof  if  possible.     Automatic  sprinklers  in  all  buildings, 
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hose  houses,  and  yard  hydrants  with  a  fire  squad  trained  for  prompt  action  in  case  of  fire,  an 
the  best  means  of  preventing  loss. 

145.  Pulp  and  Paper  Mills. — Wood  pulp  and  chemical  fiber  mills  require  a  large  amouni 
of  power  and  water,  and  also  consume  large  quantities  of  wood;  hence,  they  are  as  a  rule  locatec 
convenient  to  the  lumber  supply,  on  rivers  which  furnish  not  only  water  for  use  in  the  processes 
but  power  and  a  means  of  bringing  logs  from  forest  to  mill.  Chemical  fiber  mills  require  spe- 
cially designed  structures;  for  instance,  sulphite  digester  buildings  are  140  to  170  ft.  high  and  o; 
heavy  construction,  usually  brick,  with  a  steel  frame.  The  substructure  of  grinder  houses  anc 
wood  mills  usually  contains  water  wheels  directly  connected,  or  belted  to  the  machines.  Othei 
buildings  are  usually  of  brick  mill  construction,  with  rather  heavy  floor  loads  (200  to  300  lb.  pei 
sq.  ft.). 

The  beater  building  is  of  two  or  three  stories.  Those  using  rags  or  waste  paper  have  sorting  and  cutting  depart- 
ments on  the  second  floor;  beaters,  mixers,  Jordan  engines  on  the  first  floor;  and  stuff  chests  in  the  basement 
Concrete  is  an  excellent  material  for  at  least  the  basement  and  first  floor  of  this  building,  on  account  of  the  amouni 
of  water  used,  and  the  fact  that  floors  are  likely  to  be  continuously  wet.  The  machines  are  heavy  and  require  arnph 
support;  otherwise,  floor  loads  are  not  heavy.  The  machine  room,  contaming  the  paper  machine  or  machines,  is 
usually  one  story  and  basement.  A  machine  room  for  two  machines  should  be  60  to  73  ft.  wide,  depending  on  th( 
width  of  machines.  Length  varies  with  the  machines,  which  may  be  150  to  225  ft.  long.  The  roof  is  carried  or 
trusses  and  should  have  monitors  and  ventilators  for  the  removal  of  steam  from  the  drying  cylinders. 

The  finishing  building,  usually  a  continuation  of  the  machine  room,  contains  machinery  for  cutting  the  papei 
into  sheets,  or  slitting  and  rewinding  into  smaller  rolls. 

Paper  warehouses  must  be  designed  to  carry  heavy  loads,  ranging  from  300  to  500  lb.  per  sq.  ft.  of  floor,  and  ir 
one  case  in  the  writer's  experience  a  mill  storehouse  was  loaded  with  750  to  800  lb.  per  sq.  ft.,  the  paper  being  pilec 
in  rolls  from  12  to  15  ft.  high. 

146.  Chemical  Industries. — Chemical  industries  are  so  varied  that  only  a  general  treatment 
can  be  given  here.  As  a  rule,  the  buildings  are  one  story  except  those  in  which  gravitj'  may  be 
used  for  handhng  the  materials  in  continuous  operation,  similar  to  the  abrasive  crushing  plant 
shown  in  Fig.  48.  Some  plants  require  small  buildings  isolated  for  certain  processes,  on  account 
of  the  dangerous  character  of  the  contents  or  obnoxious  fumes.  Some  buildings  require  all  iron 
work  to  be  heavily  protected  from  the  corrosive  action  of  fumes  or  liquids.  Most  of  these 
buildings  must  be  designed  with  special  reference  to  the  apparatus  which  they  are  to  house. 

147.  Textile  Mills. — The  design  of  cotton  and  woolen  mills  has  been  standardized  to  a 
great  extent,  on  account  of  the  slight  variation  in  the  process  of  making  any  grade  of  cotton  cloth 


Fig.  71. — Block  plan  of  cotton  mill. 


01-  woolen  goods.  Each  department  contains  a  group  of  a  few  to  hundreds  of  identical  machines, 
all  of  which  are  arranged  in  a  certain  definite  manner.  Furthermore,  all  makes  of  textile 
machines  vary  Uttle  in  dimensions.  The  drive,  usually  by  motors  running  groups  of  machines, 
presents  little  diflficulty.     Space  will  not  allow  a  description  of  processes  and  layout. 
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Textile  mill  buildings  are  generally  three  or  more  stories  in  height  and  of  good  width — 60 
I  125  ft.  One  exception  is  the  weaving,  which  in  many  modern  mills  is  housed  in  a  one-story 
i\v-tooth  building,  on  account  of  the  better  lighting  which  is  important  in  this  operation.  The 
wr  loads  in  textile  mills  are  light,  the  actual  load  on  some  floors  being  not  over  30  to  40  lb.  per 
1.  ft.,  and  rarely  over  75  ft.  per  sq.  ft.  on  any  floor. 

Brick  walls  with  heavy  timber  frame  and  plank  floors  and  roof  (known  as  "  Mill  Construction")  are  economical, 
irable,  and  command  a  low  insurance  rate.  However,  some  recent  mills  have  been  constructed  of  reinforced 
merete  and  have  proven  very  satisfactory,  although  opinions  differ,  some  claiming  that  the  dust  and  rigidity  of 
le  structure  shorten  the  life  of  machinery.  The  concrete  floor  does  not  present  an  ideal  working  surface  for  the 
jeratives,  but  this  may  be  overcome  with  wood,  asphalt  composition,  or  other  surfaces. 


^1— ^ 
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Cross  Section  of  Cof^on  Warehouse 


Cross  Section  of  Cotton  Mill 


Fig.  72. 
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Fig.  73. — Concrete  shoe  factory. 

Storehouses  for  cotton  in  bales,  where  ground  is  available,  are  usually  one-story  brick  with  mill  construction 
lof,  well  protected  by  automatic  sprinklers.  These  buildings  are  usually  100  ft.  wide  and  divided  by  fire  walls 
to  50-ft.  sections.  A  standard  cotton  storehouse  is  shown  in  section  in  Fig.  72.  When  large  capacity  is  required 
small  space  the  cotton  storehouse  may  be  either  of  mill  construction  or  reinforced  concrete,  the  former  4  to  8 
ories  high,  and  the  latter  as  much  as  10  stories.     The  height  of  each  story  is  usually  about  8  ft.  from  floor  to  floor. 

Figs.  71  and  72  show  a  typical  cotton  mill  with  all  operations  in  one  building  125  X  698  ft.,  with  one-story 
orehouse  serving  both  for  cotton  and  finished  goods  storage. 

148.  Shoe  Factories. — In  general,  the  same  construction  is  used  for  shoe  factories  as  for 
Jxtile  plants,  except  that  the  buildings  are  usually  not  so  wide.     On  account  of  the  Ughting 
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required  for  nearly  all  processes,  40  to  50  ft.  is  about  the  proper  width.  Floor  loads  are  gei 
erally  150  lb.  per  sq.  ft.,  and  the  buildings  vary  from  3  to  6  stories  in  height.  Fig.  73  .shows 
shoe  factory  of  reinforced  concrete,  consisting  of  a  main  building  with  wings,  all  of  flat  sla 
construction. 

STANDARDIZED  INDUSTRIAL  BUILDINGS 
By  Chas.  D.  Conklin,  Jr. 

149.  Origin. — The  trend  of  the  great  industrial  organizations  for  the  past  few  year 
throughout  the  world,  has  been  toward  a  standardization  of  output.  Even  before  the  recei 
war  produced  such  enormous  demands  for  vast  quantities  of  products,  the  large  industri. 
reahzed  that  "standardization"  was  the  solution  of  many  difficult  problems  of  production, 
new  significance  was  given  the  principle  of  standardization  by  the  great  and  hurried  demands  fi 
all  classes  of  material  growing  out  of  the  war.  It  is  now  a  well  established  fact  that  in  all  lin 
of  industrial  enterprise,  standardization  of  methods,  parts  or  complete  products  results  in  boi 
economical  and  increased  quantity  production. 

Noting  the  success  of  the  motor  companies  and  other  manufacturing  organizations  through  their  standardiz 
products,  pioneers  in  building  construction  conceived  the  idea  of  standardized  industrial  or  factory  buildiig 
Heretofore,  it  had  been  the  practice  to  design  a  special  building  for  every  requirement,  the  result  being  an  enormo 
amount  of  detail  work  and  expense  for  each  construction  job.  While  some  of  this  detail  work  and  expense  w 
necessary  for  very  special  problems,  the  greater  part  could  have  been  eliminated  by  the  use  of  standardized  buildin 
designed  to  meet  the  average  requirements  of  many  industries.  The  result  of  the  study  of  these  pioneer  buildt 
was  the  production  of  a  series  of  standard  designs  from  which  it  was  believed  that  by  a  careful  selection,  mc 
requirements  of  industrial  building  could  be  met.  There  are  cases  of  building  construction  which  require  spec 
design  and  study  to  produce  the  best  results,  and  in  which  the  use  of  a  standardized  building  is  advisable,  but ' 
far  the  greater  percentage  of  industrial  construction  may  be  economically  and  rapidly  accomplished  by  the  use 
standardized  products. 

150.  Types. — There  are  two  types  of  standardized  buildings  in  extensive  use  at  the  presei 
time.  The  first  type  consists  of  the  permanent,  substantial,  up-to-date  building  designed  fi 
heavy  service  over  a  period  of  years.  They  embody  all  the  features  of  the  best  types  of  modei 
building  construction.  The  second  type  consists  of  the  Ughter,  cheaper  form  of  constructic 
which  might  be  termed  portable  buildings  and  which  are  intended  more  for  temporary  occi 
pancy  rather  than  permanent  use.  With  proper  care,  the  second  type  will  last  for  years  an 
fulfill  every  requirement  usually  expected  of  the  light  steel  mill  building. 

151.  General  Design. — In  the  design  of  both  tj'pes  of  standardized  buildings  describe' 
above,  the  object  sought  was  to  produce  a  series  of  buildings  which  would  meet  the  requiremen"' 
of  the  average  industrial  enterprise.  Widths,  clear  heights,  units  of  length,  kinds  of  materia 
loading,  arrangement  of  lighting  and  ventilating  sash,  and  many  other  problems  were  carefull 
studied  and  averaged,  so  as  to  obtain  finished  designs  which  would  suit  most  conditions.  Bas^ 
building  units  were  designed  which  admit  of  the  greatest  flexibihty,  thus  permitting  their  use  i 
numerous  combinations.  Spans,  spacing,  and  general  arrangement  were  so  selected  as  to  uf 
materials  up  to  their  safe  limit,  thus  securing  a  minimum  of  waste  and  an  economical  design 

152.  Standardized  Method  of  Construction.^ — The  following  description  is  taken  from  th 
catalog  of  The  Austin  Company  of  Cleveland,  Ohio,  a  pioneer  company  in  the  construction  c 
standardized  factory  buildings.  The  method  of  this  company,  known  as  "  The  Austin  Method, 
consists  of  the  following: 

A  method  of  erecting  permanent  and  substantial  factory  buildings  in  the  fewest  number  of  working  day 
eliminating  by  standardization  and  quantity  production,  delays  otherwise  unavoidable. 

A  method  which  provides  for  various  industrial  types  of  construction  by  standardized  design  and  specification; 
The  time  ordinarily  required  for  the  preparation  of  special  plans  is  saved. 

A  method  of  preconstruction  work  which  prepares  and  holds  stocks  of  fabricated  steel,  steel  sash,  roofini 
lumber,  and  other  materials  at  strategic  points  and  delivers  them  to  any  job  with  dispatch. 

A  method  of  figuring  costs  which  places  the  production  of  industrial  buildings  on  a  definite  price  basis  by  lum 
sum,  cost  plus  percentage,  or  cost  plus  fee  contracts. 

A  method  which  delivers  a  thoroughly  satisfactory  building,  meetmg  every  requirement  of  the  business,  wit 
the  least  expenditure  of  the  owner's  time  and  money. 
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153.  Advantages  of  Standardized  Construction. — One  of  the  principal  advantages  of 
t^tandardized  buildings  lies  in  the  time  saved  over  usual  methods  of  construction.  Economy  in 
time  means  economy  in  labor  and  capital  because  of  the  shorter  period  during  which  labor  and 
capital  will  be  tied  to  one  job  and  because  of  the  hastening  of  production.  Ballinger  and  Perrot 
of  Philadelphia,  describe  their  standardized  buildings  as  "Quick-Up"  buildings,  a  term  well 
chosen  to  point  out  their  chief  advantage  over  usual  construction.  Plans  and  specifications 
have  been  prepared  well  in  advance  of  construction  and  the  time  ordinarily  required  for  special 
anliitecture,  engineering,  preparation  of  designs,  plans,  estimates  and  other  matters  of  detail 
IS  saved.  Practically  all  preUminary  work  is  eUminated  and  construction  work  can  be  started 
immediately  upon  awarding  of  contract.  All  essential  materials  required  for  the  standardized 
building  are  carried  in  stock  and  are  ready  for  immediate  shipment  and  can  be  sent  to  the  job 
w  itli  little  or  no  delay.  Material  lists  for  all  minor  materials  not  in  stock,  are  already  prepared. 
Continuous  contracts  are  usually  carried  with  material  contractors  for  such  and  all  materials 
can  thus  be  readily  supplied  to  the  workmen.  By  purchasing  materials  ahead  of  construction 
and  carrying  same  in  stock,  the  builder  is  able  to  buy  to  much  better  advantage  during  periods 
of  low  market  price,  thus  permitting  more  economical  construction. 

Again,  workmen  are  trained  in  every  step  and  branch  of  standardized  buildings.  They 
know  every  move  to  make  and  make  few  useless  ones.  The  scheme  of  construction  has  been 
worked  out  to  prefection  so  that  all  operations  are  coordinated  and  several  trades  work  together 
at  the  same  time  without  undue  interference.  The  workmen  do  not  need  to  spend  useless  time 
studying  plans  and  specifications  as  they  are  prefectly  famiUar  with  the  work  at  hand  due  to 
their  training  in  standardized  building  construction.  The  work  proceeds  smoothly  and  with 
unnecessary  haste  and  the  result  is  a  first-class  building,  every  detail  of  which  is  just  right  due 
to  experience  gained  from  numerous  previous  similar  buildings.  By  the  above  described 
method  of  construction,  buildings  have  been  erected  in  30  working  days  that  have  ordinarily 
taken  from  3  to  6  months  to  build,  the  result  being  increased  production  and  profit,  time,  and 
money  saved.     To  quote  again  from  the  catalog  of  The  Austin  Company: 

Standardized  construction  has  automatically  placed  costs  on  a  more  solid  foundation.  Frequent  repeating 
of  the  same  building  operations  establishes  basic  cost  figures  and  eliminates  guess  work.  By  the  Austin  Method, 
factory  buildings  can  be  purchased  with  the  same  certainty  as  machinery  or  other  equipment. 

The  work  is  so  well  organized  and  developed  that  dehvery  can  be  guaranteed  under  a 
penalty  and  bonus  contract. 

154,  Illustrations. — No  attempt  will  be  made  here  to  show  sketches  of  all  standard  build- 
ings on  the  market,  as  there  are  many  of  such.  A  few  typical  illustrations  will  be  given,  suffi- 
cient to  show  the  general  nature  of  standardized  buildings.  There  are  several  organizations 
advertising  and  constructing  standardized  industrial  buildings  at  the  present  time,  and  the 
following  sketches  are  taken  from  their  catalogs  in  an  effort  to  present  briefly  some  points  in  the 
work  of  each  of  these  organizations.  For  a  more  extensive  treatment  of  this  subject,  the  reader 
is  referred  to  the  catalogs  of  the  various  companies  mentioned  in  this  chapter. 

Austin  Standard  Factory  Buildings. — The  Austin  Company  of  Cleveland,  Ohio,  has  worked 
extensively  along  the  line  of  standardized  construction  and,  through  several  years  of  experience, 
has  adopted  ten  basic  standard  designs  of  permanent,  sturdy  factory  buildings  of  concrete,  brick, 
apd  structural  steel.  "These  ten  Austin  standards,  together  with  their  innumerable  adaptations 
and  combinations,  cover  a  large  variety  of  industrial  structures.  Practically  every  type  of 
building  from  the  fight  manufacturing  and  storage  types  to  the  heavy  machine  and  assembling 
shops  will  be  found  in  the  standard  designs.  While  each  style  has  been  standardized,  they  are 
sufficiently  flexible  to  meet  a  great  variety  of  constiniction  requirements."  In  addition  to  the 
ten  standard  designs  mentioned  above,  the  Austin  Company  has  several  standard  designs  for 
railway  buildings  and  storage  buildings,  including  warehouses,  freight  stations,  repair  shops  and 
round  houses,  which  apply  Austin  standard  units  of  constructions.  Iti  most  of  these  standard 
designs,  expansion  is  possible  in  width  or  length  in  standard  multiple  and  the  height  may  be 
varied  to  suit  special  requirementsv  It  will  be  noted  that  the  longitudinal  distance  between 
columns  or  pilasters,  for  the  large  majority  of  standard  buildings,  is  20  ft.  This  distance 
(usually  called  the  bay)  is  found  to  be  the  most  economical  one  for  heavy  types  of  buildings  and 
a  very  convenient  one  to  use  for  engineering  and  construction  purposes. 
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Fig.  74  shows  Austin  No.  1  Standard  Building.  The  cross  section  of  the  building  and  plan  are  almost  self- 
explanatory.  This  building  is  very  similar  to  "The  Miracle"  type  building  as  constructed  by  the  Crowell-Lundoff- 
I.ittle  Company  of  Cleveland,  Ohio,  the  difference  being  mostly  in  points  of  detail.  This  building  is  also  similar  to 
Type  E  as  designed  by  Ballinger  and  Perrot  of  Philadelphia,  the  chief  difference  being-  in  the  addition  of  a  monitor 
for  lighting  and  ventilating  purposes.  This  building  is  ideal  for  small  machine  and  assembly  shops,  carpenter  and 
pattern  shops,  paint  shops,  storage,  light  manufacturing  or  laboratories.  An  important  point  in  the  design  of  this 
and  other  types  of  standard  buildings  lies  in  the  fact  that  the  steel  beams  or  trusses  overhead  should  be  made  amply 
strong  to  support  all  ordinary  shafting  loads. 

Fig.  75  shows  section  and  plan  of  Austin  Standard  No.  2  building.  The  width  of  this  building  may  be  increased 
in  multiples  of  30  ft.  or  less  and  the  lengtn  may  be  any  multiple  of  20  ft.  This  building  is  suited  to  many  lines  of 
manufacture  as  it  is  well  lighted  and  amply  ventilated.  It  is  ideal  for  light  foundry  service.  This  building  is  very 
similar  to  "The  Monitor,"  a  standard  building  constructed  by  the  Crowell-Lundoflf-Little  Co.,  the  latter  having  a 
40-ft.  center  aisle  with  light  steel  truss  above  instead  of  the  30-ft.  aisle  with  I-beam  rafter  in  the  above  No.  2  building. 
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Fig.  74. — Austin  No.  1  standard. 


Fig.  76  is  a  cross  section  and  part  plan  of  the  Austin  No.  3  Standard  Building.  It  has  proven  to  be  one  of  the 
nost  popular  of  Austin  standards  and  adaptable  to  a  great  variety  of  purposes.  It  has  been  called  the  Universal 
ype  because  it  has  been  used  for  so  many  operations  in  the  manufacturing  field.  "  It  is  ideal  for  lighting  conditions, 
■ase  of  installation  of  shafting  and  for  its  wide  area  of  unobstructed  floor  space,  2000  sq.  ft.  per  column."  The  space 
n  the  monitor  at  either  end  of  the  building  has  been  used  frequently  for  well-lighted  and  ventilated  office  and  draft- 
ng  rooms,  also  for  toilet  and  washrooms.  The  open  space  between  the  trusses  on  the  side  aisles  is  available  for 
leating,  lighting,  plumbing  and  power  equipment,  leaving  the  entire  floor  space  free  for  actual  manufacturing. 
This  No.  3  Standard  is  very  similar  to  Type  F  building  as  constructed  by  Ballinger  and  Perrot  of  Philadelphia  and 
;omewhat  similar  to  "The  Monarch"  as  constructed  by  Crowell-Lundoff-Little  Co. 

Fig.  77  shows  the  exterior  of  an  Austin  No.  3  Standard  Building  built  for  the  International  Motor  Company  at 
Ulentown,  Pa.,  in  34  working  days. 

In  all  the  standard  buildings  above  described,  either  continuous  side  wall  sash  with  steel 
columns,  or  non-continuous  side  wall  sash  with  brick  pilasters  may  be  used.  The  former  gives 
■-lightly  the  better  lighting  conditions. 

Brief  specifications  covering  the  above  standard  buildings  are  as  follows: 

Length — Any  multiple  of  20  ft. 
Minimum  clearance — 13  ft. 
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Excavation  and  grading — On  normal  site,  excavation  for  standard  foundations  and  grading  within  3  ft.  of 
outside. 

Foundations — Concrete  (1  part  cement,  3  parts  sand,  and  5  parts  coarse  aggregate). 

Floor — 5  in.  concrete  base  with  monolithic  finish. 

Side  walls — Common  brick,  selected  for  facing,  laid  in  lime-cement  mortar. 

Window  sills — Concrete  (usually  precast). 

Columns — Structural  steel. 

Roof  structure — Steel  beams  or  trusses  with  6  X  12-in.  yellow  pme  purlins,  carrying  2  X  6-in.  dressed  and 
matched  yellow  pine  sheathing. 

Waterproofing — Four-ply  built-up  felt,  pitch,  and  slag  roofing  or  equal. 

Sash  and  ventilation — Side  wall  steel  sash  with  H  -in.  factory  ribbed  glass,  push  bar  or  chain  operated  Venti- 
lated sections  in  monitors  mechanically  operated. 
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FiQ.  75. — Austin  No.  2  standard. 


Painting— Structural  steel  and  steel  sash,  one  shop  coat  and  one  field  coat.  Exterior  wood  work,  two  coats 
lead  and  oil.      Interior  walls  and  ceiling,  two  coats  of  mill  white  paint. 

Miscellaneous— Sheet  metal  gutters  and  down-spouts,  plumbing,  heating,  lighting  and  sprinklers  are  not 
usually  standardized  but  are  furnished  on  special  order. 

Other  Standard  Buildings. — Fig.  78  shows  the  section  and  plan  of  "Bessemer  70"  building 
of  the  Crowell-Lundoff-Little  Co.  It  is  especially  adapted  to  housing  of  forging  and  foundry 
operations,  for  rolling  mills,  machine  shops,  heavy  assembhng  shops,  power  houses,  and  similar 
structures.  Bessemer  50  and  60  are  very  similar  to  Bessemer  70,  the  numeral  indicating  in  each 
case  the  distance  in  feet  center  to  center  of  crane  rails.  The  Austin  Company's  Nos.  5,  6,  and  7 
Standards  are  very  similar  to  the  "Bessemer"  building  shown,  the  general  type  being  the  same, 
the  dimensions  being  somewhat  different  with  slight  differences  in  the  details. 

Fig.  79  is  a  cross  section  and  part  plan  of  Type  C  building  as  constructed  by  Ballinger  and  Perrot  of  Philadel- 
phia. It  is  a  long  span  saw-tooth  building,  "the  skylights  facing  north,  affording  exceptional  lighting  and  ventila- 
ti(jn  with  unobstructed  floor  space.     For  many  industries  this  is  ideal.     Length  may  be  any  multiple  of  20  ft.,  and 
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widths  in  multiples  of  50,  60,  75,  and  100  ft.     By  omitting  certain  interior  columns,  this  type  may  be  arranged  to 
give  unobstructed  floor  space  in  units  of  75  X  60  ft." 

Fig.  SO  represents  a  standard  niultiple  story,  flat  slab  reinforced  concrete  building,  "Gibraltar  Type"  as  erected 
by  the  Crowell-Lundoff-Little  Co.     It  is  very  similar  to  The  Austin  Company's  No.  9  Standard  and  is  ideal  for 


Composi/-/on  roofing 
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Fig.  76. — Austin  No.  3  standard. 


factories,  warehouses,  storage  buildings,  stores,  and  office  buildings.     This  type  of  building  is  economical,  fireproof, 
permanent,  sanitary,  and  free  from  vibration,  and  possesses  all  the  advantages  of  the  fiat  slab  budding. 

Truscon  Steel  Buildings. — The  Truscon  Steel  Company  of  Youngstown,  Ohio,  manufactures 
and  erects  a  series  of  semi-permanent  buildings  "constructed  of  standard  units,  every  one  of 


Fig.  77. — .\ustin  No.  3  standard  building,  100  X  660  ft. 


which  is  made  of  steel."  The  design  of  each  part  has  been  carefully  studied  in  order  to  develop 
maximum  strength.  Every  pound  of  steel  is  utiUzed;  there  is  no  waste  in  either  material  or 
labor  of  manufacturing. 
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The  walls  of  Truscon  buildings  consist  of  standard  steel  wall  units  made  in  various  heights,  which  are  intor- 
lan^'iable  with  doors  and  may  bo  furnished  either  with  or  without  steel  windows.  Field  connections  are  made 
ith  ;i  slotted  bolt  and  wedge,  very  easily  assembled  and  just  as  easily  dismantled,  thereby  making  it  simple  and 
i\|Masive  to  move  a  Truscon  building.  Hence  they  are  very  good  portable  buildings,  especially  adapted  for 
iiipurary  use  and  can  be  and  are  used  extensively  for  permanent  structures.     These  buildings  arc  particularly 
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Fig.  78. — "Bessemer  70"  building  of  the  Crowell-Lundoff-Little  Co. 


Fig.  79. — "Type  C"  building  of  Ballinger  and  Perrot. 


aptable  for  storage  and  light  manufacturing,  and  inasmuch  as  they  have  a  reputed  salvage  value  of  100  %, 
^  are  readily  re-saleable.  The  Truscon  building  is  very  quickly  erected  as  all  units  are  carried  in  stock  and  can 
delivered  at  the  site  by  the  time  the  foundations  have  been  built. 

Fig.  81  shows  the  cross  section  of  one  of  the  several  types  of  standard  Truscon  buildings.      Many  variations 
d  adaptations  of  these  types  are  possible. 
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Ground  Floor  Plan 
FiQ.  80. — "Gibraltar  type"  of  the  Crowell-Lundo .7- Little  Co 
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Fig.  81. — Truscen  standard  building  (type  4). 
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155.  Conclusion. — As  stated  above,  there  are  a  great  variety  of  standardized  buildings 
the  market  at  the  present  time.     Only  a  few  of  the  many  have  been  given,  sufficient  to 

nvey  a  clea,r  idea  of  the  principles  and  methods  of  standardization.  In  selecting  a  building 
r  a  definite  purpose,  careful  consideration  should  be  given  to  the  requirements  of  the  case  and 
.standard  building  only  used  when  it  fits  the  particular  need.  There  are  numerous  cases 
lere  the  standard  building  will  answer  every  requirement.  There  are  other  cases  where  the 
iuidard  building  will  not  fit  the  conditions.  Efficiency  in  operation  of  plant  should  not  be 
isrificed  by  the  use  of  a  standard  building  when  the  latter  is  clearly  not  adapted  to  the  industry 
be  housed.  In  the  numerous  cases  in  which  standardized  buildings  are  adaptable,  the  results 
?  very  satisfactory. 

CLEARANCES  FOR  FREIGHT  TRACKS  AND  AUTOMOBILES 
By  Allan  F.  Owen 

156.  Clearances  for  Freight  Loading  Tracks. — When  a  railroad  switch  track  enters  a 
ilding,  the  clearances  at  the  side  and  overhead  and  the  radius  of  the  curves  of  the  track  must 
approved  by  the  railroad  to  which  the  switch  track  is  to  be  connected.  The  tendency  is  to 
3  larger  and  larger  engines  for  switching  and  the  curves  must  have  longer  radii  for  the  larger 
tines.     Some  railroads  demand  a  minimum  curvature  of  18  deg.,  and  prefer  14  deg.     Very 

will  not  allow  a  24-deg.  curve. 


Bigree  of  curva- 
Iture 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

1 

Ihdius  in  feet .  .  . 

■410.3 

383.1 

359.3 

338.3 

319.6 

302.9 

287.9 

274.4 

262.0 

250.8 

240.6 

Fig.  82. — Clearances  allowed  by  the  State  Public  Utilities  Commission  of  Illinois  for  freight  loading  tracks. 


Fig.  S3. — Clearances  for  main  and  subsidiary  Fig.  84. — Clearances  for  awnings  and  canopies. 

freight  tracks. 

Note:  All  awnings  and  canopies  not  owned  by  R.  R.  companies  are  subject  to  the  approval  of    The  State 
lie  Utilities  Commission  of  Illinois. 


A  42-ft.  length  of  track  should  be  allowed  for  each  freight  car  that  is  to  be  loaded  or  unloaded. 
Clearances  allowed  by  The  State  Public  Utilities  Commission  of  Illinois  are  given  in  Figs. 
83,  and  84. 
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FiG.  85. — Auto  truck  clearance  lines. 


Fig.  86. — Touring  car  clearance  lines. 
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Loading  platforms  should  be  3  ft.  9  in.  above  the  top  of  rail.  This  height  will  allow  doors 
of  refrigerator  cars  to  open.     Car  platform  heights  vary  from  3  ft.  9  in.  to  4  ft.  2  in. 

157.  Automobile  Sizes  and  Clearances. — Doors  to  public  garages  which  have  to  accom- 
modate every  kind  of  automobile  truck  should  be  14  ft.  high.  Entrances  to  truck  backing-in 
spaces  should  be  of  the  same  height.  Doors  to  many  such  garages  are  11  ft.  high  and  these  will 
t;!ke  all  but  the  very  largest  trucks.  Doors  should  be  at  least  9  ft.  wide  and  must  be  wider 
if  they  are  nearer  than  40  ft.  from  the  opposite  side  of  the  street  or  alley.  Fig.  85  gives  the 
clearance  lines  for  a  truck  of  the  following  dimensions :  Length  overall,  24  ft.  6  in.;  width  overall, 
8  ft.  4  in.;  front  overhang,  3  ft.  0  in.;  wheel  base,  14  ft.  6  in.;  rear  overhang,  7  ft.  0  in.,  tread— 
fnmt  wheels,  5  ft.  0  in.;  tread — rear  wheels,  5  ft.  6  in.;  radius  of  clearance  circle,  30  ft.  6  in.; 
body  size,  8  ft.  4  in.  X  18  ft.  0  in.;  width  over  front  fenders,  6  ft.  0  in. 

The  manufacturers  have  standard  sizes  of  chassis  but  there  is  no  standard  for  bodies;  so  when  it  is  necessary 
to  provide  for  particular  trucks,  it  is  best  to  get  the  dimensions  from  the  owner  or  builder  and  lay  out  the  clearance 
lines. 

Touring  cars  do  not  require  so  much  room  as  trucks.  Doors  should  not  be  less  than  8  ft.  wide  nor  lower  than 
S  ft.  unless  the  garage  is  made  to  fit  one  small  car.  The  diagram  of  clearance  lines  for  a  touring  car  is  given  in  Fig. 
S(i  for  a  car  of  the  followmg  dimensions:  Length  overall,  17  ft.  3  in.;  width  overall,  5  ft.  10  in.;  front  overhang, 
1  ft.  11  in.;  wheel  base,  11  ft.  10  in.;  rear  overhang,  3  ft.  6  in.;  tread — front  and  rear,  4  ft.  8  in.;  radius  of  clearance 
circle,  30  ft.  3  in. 

The  following  table  gives  the  required  dimensions  of  a  few  passenger  cars 

Dimensions  of  Passenger  Cars 


Name 

No.  of 
pass. 

Overall 
length 

Overall 
width 

Height 

Wheel 
base 

Rear 
overhang 

Radius  of 

clearance 

circle 

Weight 
pounds 

Packard  433 

Packard  526 

Lincoln  

Buick  50 

7 
5 
7 
7 
5 
5 
5 

17'-1" 

15'- 10" 

17'-3" 

15'-9" 

14'-5" 

13'-9" 

12'-7" 

5'- 11" 

5'-10" 

5'-10" 

5'-8" 

.5'-7" 

5'- 10" 

5'-7" 

6'-2" 

6'-2" 

6'-6" 

6'-0" 

5'-10" 

6'-0" 

6'-0" 

ll'-ll" 

lO'-ll" 

11'- 2" 

10'-8" 

9'-7" 

8'-ll" 

8'-7" 

3'-4" 
3'-l" 
3'-5" 
3'-3" 
.3'-l" 
3'-0" 
l'-7" 

27'-4" 
21'-7" 
24'-0" 
21 '-6" 
19'-0" 
18'-0" 
17'-0" 

4710 
4000 
5010 
4115 

Buick  27 

3310 

Chevrolet  595 

Ford  "A"  Tudor.  . 

2368 
2400 
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fire-resisting  qualities  of,  340 
glazed,  942 
interlocking,  942 
manufacture  of,  938 
paving,  941 

physical  properties  of,  939 
quality  and  crushing  strength  of,  939 
raw  materials  for,  937 
sand-lime,  940 
size  of,  939 
slag,  941 
Brick  arch  floor  construction,  347 
floors,  455 
partitions,  625 
piers,  tests  on,  1520-1528 
walls,  616 
Brick  work,  841-842 
costs,  1088 
estimating,  1108 
material  elevators,  842 
scaffolds,  841 
Bridging  in  floor  construction,  3S6 
Buckets  used  in  excavating,  852-854 
Buckling  of  web,  115 
Bucyrus-Erie  Company  shovel,  850 
Building  and  sheathing  papers,  621,  1069-1070 
felt,  1070 

insulation  boards,  1070 
insulators  and  quilts,  10/0 
mineral  wool,  1070 
types,  1069 
uses,  1069 
Building  materials,  908-1077 
brick,  937-942 
cast  iron,  949-952 
cement,  992-997 

mortar  and  plain  concrete,  1021-1031 
concrete  aggregates  and  water,  997-1002 
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Iding  materials,  concrete  buildine  stone,  1032-1039 
roinforceniont,  1002-1021 

glass  and  glazing,  1052-1059 

gypsum  and  gypsum  products,  985-991 

hardware,  1071-1077 

lime,    lime    mortar,    and   lime   plaster,    976-981 

metal  lumber,  956-976 

paint,  varnish,  etc.,  1060   1068 

reinforced  concrete,  1031   1032 

sheathing     papers     and     insulating     materials, 
1069-1070 

steel,  952-966 

stones,  923-936 

structural  clay  tile,  942-949 

stucco,  981-985 

terra  cotta,  1039-1046 

tiling,  1046-1052 

timber,  908-923 

wrought  iron,  952 
Iding  stones,  923-936 

dressing  machines,  932 

granite,  933 

igneous  rocks,  933 

limestones,  936 

marbles,  936 

minerals  in,  923 

properties  and  testing,  925-933 

rocks  used  as,  924 

sandstones,  934 

slate,  936 

styles  of  dressing  stone,  932 

uses,  933 
Idings  in  general,  332-337 

fire  prevention  and  protection,  336 

floor  loads,  332 

types  of  buildings,  332 

weights  of  merchandise,  334 
t,  N.  J.,  on  Balconies,  668-675 
Floor  and  roof  framing — steel,  405-418 
Long  span  construction,  675-682 
Tanks,  651-657 

Wind  bracing  of  buildings,  657-668 
tresses,  305-308 
ts,  1073 

ison  excavation,  826 
aons,  365-369 

concrete,  368 

cutting  edges,  367 

designs,  366 

dredged  wells,  369 

open,  369 

sealing,  369 

shafts,  368 

steel,  367 

water-tight  cellars,  369 

wood,  368 
iber  in  trusses,  838 

tilever  construction,  359 

tilevers,  668 
bon  steel,  953 
pentry,  casts,  1091 
sment  windows,  633 
|t  iron,  949-962 
1      design  of  castings,  961 
[      gray  iron,  960 
kinds,  949 
malleable,  961 


Cast  iron,  methods  of  manufacture,  960 
semi-steel,  961 
white  iron,  961 
Cast-iron  colunms,  204-208 

bracket  connections,  206 
caps  and  bases,  206 
design  of,  205 
inspection  of,  205 
manufacture  of,  204 
properties  of,  204 
tests  of,  205 
use  of,  204 
Cast-iron  lintels,  123-126 
bending,  124 

form  of  cross  section,  124 
loads  supported,  124 
proportions,  124 
shear,  124 

table  of  strength,  125 
working  stresses,  124 
Cast  stone,  specifications,  1688 
Catch  basins,  1343 
Cellars,  water-tight,  369 
Cement,  992-997 
alumina,  996 
chemical  analysis,  995 
compressive  strength,  996 
containers  for,  996 
fineness,  994 
hydraulic  lime,  992 
natural,  992 
Portland,  992-996 
puzzolan,  992 
quick-hardening,  996 
seasoning  of,  996 
setting  and  hardening,  993 
soundness,  995 
specific  gravity,  996 
storing  of,  996 
tensile  strength,  995 
testing,  993 
time  of  setting,  994 
weight,  997 
Cement  floors,  456 

Cement  mortar  and  plain  concrete,  979,  1021-1031 
aggregates,  proportions,  1026 
control,  in  construction,  1026 
durability,  1024 
economy,  1025 

effects  of  various  substances,  1029 
formative  processes,  1021 
hardened  concrete,  effect  of  substances  on, 

1030 
properties  of  concrete,  1029 
qualities  desired  in  concrete,  1022 
quantities  required,  1030 
slumps  recommended,  1026 
strength,  1022 
uniformity,  1026 
water  tightness,  1025 
workability,  1025 
Center  of  gravity,  16 
Centering  for  floors,  830 
Centrifugal  pumps,  874 
Charitable  purpose  buildings,  751 
Chemical  closets,  1306-1310 

plumbing  installations,  1317 
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Chicago  boom  (derrick),  895 

Chicago  Building  Ordinance  quoted  on  fire  protection, 

342 
Chimneys,  697-705,  1224-1231 

breech  opening,  697 

briclc  stacks,  698 

concrete  stack,  699 

determining  size  for  power,  1226 

draft  loss  in  fire,  1225 

economizers,  1231 

effective  area,  1224 

guyed  steel  stacks,  705 

height  and  size  for  residences,  1230 

induced  and  forced  draft,  1231 

ladders,  705 

lightning  conductors,  705 

linings  for  large,  697 

power  plants,  1224 

residence,  1227 

shape,  697 

size  and  height,  697 

small  chimney  construction,  697 

steel  stacks,  703 

temperature  reinforcement,  697 
Chipping  tools,  900 
Churches,  744 

foundations  for,  357 
Chutes,  1463 

for  concrete,  886-  891 
Cisterns,  1280 
City  buildings,  foundations  for,  357 

halls,  730 
Civic  centers,  743 
Clamshell  buckets,  852 
Clapboard  on  frame  walls,  621 
Clay,  characteristics,  352 

tile  as  fire  proofing  for  steel,  339 
Clearances  for  freight  tracks  and  automobiles,  809-811 
Clifford,  Walter  W.,  on  Concrete  detailing,  321-331 

Restrained     and     continuous     beams,     42-49 

Simple  and  cantilever  beams,  34-41 

Steel  shapes  and  properties  of  sections,  95-98 

Stress  and  deformation,  3 
Climate,  effect  of,  on  foundations,  355 
Climatic  conditions  in  the  U.  S.,  table,  1150 
Clip  angles  in  connections,  288 
Closets,  chemical,  1306-1310 

dry,  1310-1312 

incinerator,  1312 
Club  houses,  731 
Coal,  storing  and  piling,  1223 

see  also  Fuel 
Coefficient  of  elasticity,  3 

expansion,  6 
Cofferdams,  365 

Cold  storage  buildings,  partitions  for,  628 
refrigerator  doors,  637 
walls  for,  623 
Cold-water  paints,  1068 

Collapsible  wood  forms  for  floor  construction,  437 
Colosseums,  732 
Column  construction,  fire-resistive,  343-345 

footings,  371,  372 
Columns,  58-64 

application  of  loads,  60 

cast-iron,  204-208 
formulas,  64 


Columns,  concrete,  212-226 

connections  to  beams  in  floor  framing,  386,  41 
detailing  in  concrete  construction,  326 
eccentrically  loaded,  67 
end  conditions,  59 

estimating,  in  concrete  buildings,  1099,  1104 
formulas  for  stresses,  60-64 
loads,  58 

reinforced  concrete,  specifications,  1584 
spiral,  213 
steel,  208-212 
formulas,  62 
stresses  due  to  concentric  loading,  60 
timber  column  fornmlas,  64 

mill  construction,  404 
wind  stresses  on,  666 
wooden,  197-204 

connections  with  girders,  257 
specifications,  1518 
Combined  stresses,  4 
Comfort  stations,  742,  777-783 

adequacy  of  accommodations,  779 
entrance  screens,  779 
fixtures,  782 

floor  and  wall  materials,  782 
location  and  operation,  777 
partitions,  782 
signs,  780 

ventilation  and  light,  780 
Communicating  systems,  1469-1476 
Components  of  a  force,  7 
Composition  floors,  457 

of  concurrent  forces,  8,  9 
non-concurrent  forces,   12 
Compressed-air  caissons,  826 
Compression  flange  of  a  steel  beam,  116 
in  beams,  39 
splices,  254 
Concentrated  load  systems,  shears  and  moments,  I 
Concrete.  1021-1031 

bending  and  direct  stress,  68-79 
curing,  1028 

estimating  unit  prices,  1110 
finishing  surfaces,  835 
fire  proofing  qualities  of,  340 
follow-up  tests,  1028 
handling  and  storage  of  materials,  833 
joint  code,  1670-1574 
materials,  1027 

measurement  of  materials,  833,  1027 
mixing,  834,  1027 
placing,  835,  1028 
proportioning,  1027 
ready-mixed,  884 

specifications.  1631-1566.  1570-1674 
transporting.  834,  1028 
Concrete  aggregates  and  water,  997-1002 
blast-furnace  slag,  999 
cinders,  999 
classification,  997 
coarse,  qualities,  997 
requirements,  1001 
crushed  stone  and  screenings,  1000 
fine,  materials  for,  1000 

qualities,  997 
granite,  998 
gravel,  999 
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oncrete  aggregate  and  water,  impurities,  1001 

linipstdne,  999 

organic  contamination  of  sand,  1001 

requirements,  997 

sand,  requirements,  1000 

sandstone,  998 

sea  sand,  1000 

tests  for  sand,  1001 

trap  rock  or  diabase,  998 

water,  1002 
oncrete  beams,  bending  formulas  for,  37 
brick,  specifications,  1490 
building  block  and  tile,  specifications,  1489 
oncrete  building  stone,  1032-1039 

consistency,  1034 

dry-tamp  method  of  manufacture,  1033 

grades,  1032 

njanufacture,  1033 

materials,  1036 

pressure  method  of  manufacture,  1034 

standard  units,  1036 

standards  and  specifications,  1038 

surfaces,  1036 

trim  stone,  1036 

uses  of  cheaper  grades,  1032 

wet-cast  method  of  manufacture,  1034 
oncrete  buildings,  estimating,  1097-1116 

caissons,  368 
oncrete  columns,  212-226 
alignment  charts,  220 
bar  sizes,  215 
bending  in  columns,  215 
Chicago  standard,  214 
economy,  214 
Empcrgcr  columns,  218 
limiting  sizes,  215 
long  columns,  215 
nomenclature,  212 
plain  piers,  213 
reinforcement  details,  214 
relative  cost,  226 
selecting  reinforcement,  220 
spiral  columns,  214 
steel-core  columns,  220 
tied  concrete  columns,  213 
types,  212 
oncrete  construction,  floor  and  roof  framing,  418-441 

continuous  beams,  45 
oncrete  detailing,  321-331 

architect's  reinforcement  details,  322 

beams,  324 

bond,  325 

columns,  326 

connections  of  beams,  325 

construction  joints,  327 

dimensions,  321 

engine  foundations,  327 

engineer's  reinforcement  details.  322 

flat  slabs,  324 

footings,  327 

framing  plans,  322 

inflection  points,  325 

listing,  323 

outlines,  321 

pits  and  tunnels,  327 

reinforcement  assembly,  328 

cover,  328 


Concrete  detailing,  retaining  walls,  327 

rod  sizes,  329 

spacing,  324,  325 
splices,  328 

scale  and  conventions,  323 

schedules,  329 

sections,  324 

shop  bending,  328 

slabs  and  walls,  323 

spacers,  324,  327 

splices,  327 

spiral  hooping,  327 

stirrups,  325 
Concrete  equipment,  876-891 

barrows,  886 

bending  reinforcement,  876 

buckets,  886 

chutes,  886 

chuting  plants,  889 

forms,  876 

mixer  operations,  time  of,  882 

mixers,  types,  880 

proportioning  ingredients,  878 

ready-mixed  concrete.  884 

spouts,  886 

storage  and  handling  aggregate,  877 

towers,  889 

transporting  and  placing,  885 
Concrete  floors,  407 
footings,  370 
forms,  876 
partitions,  626 
pile  foundations,  362 
reinforced,  1031-1032 
Concrete  reinforcement,  1002-1021 

bars,  specifications  for,  1485-1487 

coefficient  of  expansion,  1004 

deformed  bars,  1005 

expanded  metal,  1011 

factors  of  cost  of  bars,  1004 

modulus  of  elasticity,  1004 

quality  of  steel,  1003 

reinforcing  systems,  1017-1021 

rib  metal,  1015 

self  centering  fabrics,  1016 

steel  specifications,  1004 

steel  wire  gage,  1006 

surface  of  steel,  1003 

types,  1002 

wire  fabric,  1005 

working  stresses,  1003 
Concrete  sheet-piling,  364 
Concrete,  specifications,  1631-1566,  1570-1574 

definitions,  1532-1567 

depositing,  1539,  1573 

design  of  reinforcement,  1545,  1575 

forms,  1540,  1574 

materials,  1534,  1569 

mixing,  1537,  1573 

proportioning,  1537,  1571 

quality  and  working  stresses,  1570 

reinforcement,  1541,  1574 

water-proofing  and  protective  treatment,   1642, 
1574 
Concrete  Steel  Company,  957 
Concrete  walls,  616 
Concreting  plant  for  foundation  work,  827 
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Concurrent  forces,  composition  of,  8,  9 

equilibrium  of,  9,  10 

resolution  of,  8 
Conklin,   Charles   D.,   Jr.,   on   Standardized   industrial 
buildings,  802-809 
Structural  steel  detailing,  310-321 
Connection  angles  between  steel  members,  285-289 
Consolidated  Expanded   Metal   Company,   1012,   1021 
Construction  equipment,  846-907 

concrete  equipment,  876-891 

excavating  equipment,  846-861 

hoists,  derricks,  and  scaffolds.  892-899 

material  transporting  equipment,  861-866 

miscellaneous,  903-907 

piling  and  pile-driving  equipment,  866-873 

pumping  equipment,  873-876 

steel-erection  equipment,  900-903 

wood  working  equipment,  891-892 
Construction  in  wood,  837-839 

camber  in  trusses,  838 

erection,  839 

methods,  838 

storage  of  material,  837 

working  details,  838 
Construction  methods,  815-845 

brick  work,  841-842 

construction  in  wood,  837-839 

elevator  and  stair  work,  843-846 

excavating,  824-826 

floor  construction,  830-837 

foundation  work,  826-828 

mechanical  trades,  842-843 

preparation  of  site,  820-824 

sequence  of  finishing  trades,  845 

stone  work,  839-841 

structural  steel  work,  828-830 

system  and  control  in  building,  815-820 
Continuous  beams,  42-49 
Contracts,  1117,  1120-1136 

alterations  and  converting,     1133 

arbitration,  1134 

architect,  1121,  1134 

bonds,  1126 

builders,  1120 

certified  checks  and  bidding  bonds,  1126 

construction  materials,  1134 

cost-plus-bonus,  1126 

cost-plus-fees,  1124 

cost-plus-percentage,  1124 

day  labor  vs.  contracting,  1121 

engineers,  1121 

extra  work,  1133 

forms  of,  1123 

general  contractor,  1129 

law  of,  1122 

laws  preliminary  to,  1122 

lump-sum,  1123 

makeup, 1130 

moving  buildings,  1133 

owner,  1120 

parties  to,  1125 

payments,  1127 

percentage,  1126 

plans  and  specifications,  1134 

prevailing  rates  of  wages,  1125 

proposals,  1126 

public  and  private,  1122 


Contracts,  quantities  of  work,  1133 

quantity  surveying,  1133 

retained  percentages,  1128 

signing,  1128 

subcontractors,  1129 

supplemental,  1129 

terminating  and  breaches,  1128 

time  limits,  1126 

unit-price,  1123 

wrecking  buildings,  1132 
Convention  halls,  732 
Cork  tile  floors,  455 
Cornices  and  parapet  wall.«,  630-633 
Corp,  Charles  I.,  1262,  1263 
Corr  reinforcing  system,  1019 
Corrugated  iron  or  steel,  costs,  1091 

lath,  972 
Cost  data  for  building  operations,  819 
Costs  of  steel  buildings,  1080-1096 
Couple,  definition,  7 
Courthouses,  729 
Cover  plates  for  steel  beams,  117 

splicing,  285 
Covering,  pipe,  1241 
Cranes  for  building  operations,  850 
Crowell-Lundofl-Little  Co.,  805,  806 
Cummings  reinforcing  systems,  1019 
Curtain  walls,  623 

Daily  report  of  building  operations,  820 

Dance  halls  and  academies,  742 

Data,  structural,  332-716 

Day,  W.  H.,  1478 

Day  labor  versus  contracting,  1121 

Daylight  illumination,  1417-1421 

Dead  load,  definition,  2 

Dean,  F.  W.,  on  Slow-burning  timber  mill  construct: 

399-405 
Definitions  of  terms,  2-6 
Deflection  of  beams,  40,  49,  100,  116 
Deformation,  3 
Derricks,  896-897 
fixed,  861 

for  erecting  steel  frame  buildings,  829 
Designing  and  detailing  structural  members,  95-331 
bearing  plates  and  bases,  227-229 
cast  iron  columns,  204-208 

lintels,  123-126 
concrete  columns,  212-226 

detailing,  321-331 
masonry  arches,  299-304 
piers  and  buttresses,  305-308 
plate  and  box  girders,  184-191 
purlins  for  sloping  roofs,  191-197 
reinforced  concrete  beams  and  slabs,  127- 
splices    and    connections'    steel    memb' 
260-298 
wooden  members,  231-260 
steel  beams  and  girders,  115-123 
columns,  208-212 

shapes  and  properties  of  sections,  95-J 
structural  steel  detailing,  310-321 
tension  members,  229-231 
timber  detailing,  308-310 
wooden  beams,  98-114 
wooden  columns,  197-204 
girders,  174-183 
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Designing  data,  717-811 

acoustics  of  buildings,  754-761 
architectural  designs,  717-728 
clearances  for  freight   tracks   and   automobiles, 

809-811 
comfort  stations,  777-783 
farm  buildings,  783-787 
industrial  plants,  787-802 
office  buildings,  773-777 
public  buildings,  728-753 
school  planning,  761-773 
standardized  industrial  buildings,  802-809 
Detention  buildings,  746 
Determination  of  reactions,  18 

Dewell,  Henry  D.,  on  Construction  in  wood,  837-839 
Floor  and  roof  framing,  385-399 
Splices     and     connections,     wooden     members, 

231-260 
Timber,     908-923 
Timber  detailing,  308-310 
Wooden  beams,  98-114 
Wooden  columns,  197-204 
Wooden  girders,  174-183 
Diamond  drill  borings  for  foundations,  351 
Diaphragm  pumps,  873 
Diary  of  building  operations,  820. 
Dibble,  S.  E.,  on  Plumbing  and  drainage,  1313-1362 
Diesel  shovel,  849 

Doerfling,  Richard  G.,  on  Domes,  705-716 
Dollies,  900 
Domes,  705-716 
dead  loads,  706 
definitions,  705 
fran'icd,  706 

framing  material  and  cover,  713 
reinforcement,  716 
snow  load,  706 
solid,  713 
stress  diagrams,  707 

formulas,  701 
wind  pressure,  705 
Doors,  636-640 

alignum  fireproof,  639 
cross  horizontal  folding,  637 
freight  elevator,  638 
hand  and  bevel,  1076 
hollow  metal,  638 
hospital  and  hotel,  637 
kalameined,  638 
metal  clad,  639 
office  building,  636 
Pyrona,  638 

refrigerator,  in  cold  storage  buildings,  637 
residence,  636 
revolving,  639 
steel,  638 
Double-layer  beam  girder,  117 
Drag  scrapers,  855 
Drainage,  1313-1352 

for  ground  floors,  459 
of  roofs,  605-609 
Drains,  floor,  regulations,  134S 
house,  1315 
regulations,  1329 
I  subsoil,  1313 

!  yard,  1314 

Dredged  wells  for  foundations,  369 


Drill  steel  and  bits,  861 
Drills,  air  and  electric,  901 

for  rock  excavating,  868 
Drinking  devices,  1322-1324 

bubbler  fountains,  1323 
Drop  hammers  for  pile  driving,  822 
Dry  closets,  1310-1312 
Dumb-waiters,  1448 
Dynamites,  857 

Eccentric  connections  between  steel  members,  289 
force,  4 

loading  on  foundations,  359 
Economizers  in  chimneys,  1231 
Elastic  limit,  3 

Elasticity,  modulus  and  coefficient  of,  3,  6 
Electric  elevators,  1434 
Electric  lighting,  1387-1421 

design  of  lighting  systems,  1393 

distribution  curves,  1388 
of  light,  1387 

essentials  of  good  illumination,  1390-1393 

globes  and  shades,  1408 

industrial  lighting,  1411-1416 

lighting  accessories,  1407 

office  lighting,  1409 

quantity  and  distribution  of  light,  1396 

reflectors,  1408 

residence  lighting,  1415-1417 

selection  of  units,  1394 

size  and  location  of  lamps,  1401-1407 

types  of  lighting  systems,  1393 

units  of  illumination,  1389 

window  locations,  1419 
Electric  refrigerators,  1468 
Electric  Welding  Company,  1019 
Electrical  equipment,  1353-1386 

alternating-current  generators,  1360 
motors,  1360 

armored  cable,  1372 

calculation  of  D-C.  circuits,  1364 

center  of  distribution,  1369 

circuit,  1357 

circuits,  kinds  of,  1357 

current,  1354 

currents,  kinds  of,  1357 

cut-out  panels  and  cabinets,  1377 

distributing  systems,  1379 

electromotive  force,  1354 

energy,  1353 

flexible  conduit,  1371 

fuses,  1373-1375 

heat  developed  in  a  wire,  1355 

household  appliances,  1361 

induction  motors,  fuse  and  wire  sizes  for,  1374 

interior  wiring,  1361 

knob  and  tube  wiring,  1373 

machines  and  apparatus,  1358 

Ohm's  law,  1356 

outlet  boxes,  1378 

parts  of  a  circuit,  1369 

power,  1353 

pressure,  1354,  1355 

protection  of  circuits,  1373 

resistance,  1354 

rigid  conduit,  1369 

specifications,  1381 
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Electrical  equipment,  switches,  1376 
symbols  for  wiring  plans,  1383 
three-wire  systems,  1362 
voltage  drop,  1355 

calculation  of,  1367 
wire  measurements,  1365 

required,  determining,  1380 
wiring  concrete  buildings,  1384-1386 
methods,  1369 
table,  1359 
Electrolysis  as  a  danger  to  foundations,  358 
Elements  of  structural  theory,  2-94 

bending  and  direct  stress,  concrete,  68-79 

wood  and  steel,  64-68 
columns,  58-64 

computing  stresses  in  trusses,  49-53 
definitions  of  terms,  2 
principles  of  statics,  7-17 
reactions,  17-22 

restrained  and  continuous  beams,  42-49 
shears  and  moments,  22-34 
simple  and  cantilever  beams,  34-41 
stress  and  deformation,  3-6 
stresses  in  roof  trusses,  53-58 
unsymmetrical  bending,  79-94 
Elevator  and  stair  work,  843-845 
shafts,  649 
wells,  416 
Elevators,  1434-1458 

automatic  dumb  waiters,  1448 
capacity  and  loading,  1437 
chutes,  1453 
clearances,  1438 
control  systems,  1441-1445 
counterbalancing,  1436 
electric,  1434 
escalators,  1449-1452 

for  building  materials,  842 

hatchway  construction,  1445-1447 
inclined,  1452 
layout,  1436 

location  of  machine,  1436 
micro  leveling,  1440 
oil  buffers,  1439 
operation,  1440 
rope  compensation,  1438 
safeties,  1438 

spiral-gravity  conveyors,  1452 
Emperger  columns,  218 
Engines,  power,  1233 
Equations  for  stresses  in  roof  trusses,  54 
Equilibrium  of  concurrent  forces,  9,  10 
forces,  7 

non-concurrent  forces,  12 
Equipment,  electrical,  1353-1386 
excavating,  846-861 
for  construction,  846-907 
Erecting  equipment  for  steel  frame  buildings,  829 
Escalators,  1449-1452 

Estimating  concrete  buildings,  1097-1115 
area  and  cube,  1098 

carborundum  rubbing,  1104,  1106,  1113 
columns,  1099,  1104 
concrete,  quantities,  1098-1104 

unit  prices,  1110 
doors,  frames,  and  hardware,  1108 
drop  panels,  forms  for,  1106 


Estimating  concrete  buildings,  engineering  and  plani 
1109 
excavation,  1107 
floor  and  roof  slabs,  1101,  1105 
footings,  1098,  1104 
forms,  unit  price,  1113 
formwork,  1104-1107 
foundation  walls,  1099,  1104 
glass  and  glazing,  1108 
granolithic  finish,  1103,  1112 
interior  floor  beams,  1102,  1106 
liability  insurance,  1109 
light  iron  work,  1109 
masonry,  1108 
painting,  1109 
partitions,  1102,  1106 
paving,  1103 
plastering,  1108 
profit,  1110 
quantities,  1097 
reinforcement,  1107 

unit  price,  1115 
roofing  and  flashing,  1109 
stairs  and  landings,  1103,  1106,  1112 
steel  sash,  1108 
sundries,  1110 

superintendence,  office,  etc.,  1110 
unit  prices,  1110 
waU  beams,  1101,  1106 

window  sills  and  copings,  1102,  1106,  1112 
Estimating  steel  buildings,  1080-1096 
backfill,  1082 
brickwork,  1088 
carpentry,  1091 

composition  roof  coverings,  1095 
corrugated  iron  or  steel,  1091 
erection  of  structural  steel,  1086 
excavation,  1082 
general  field  expenses,  1096 
glazing  steel  sash,  1090 
inspection  of  site,  1080 
nails,  1091,  1094 
painting,  1095 
pumpmg  and  bailing,  1082 
sample,  for  foundation,  1080 
shoring,  1082 

steel  sash  and  operators,  1090 
structural  steel,  1083 
Euler's  formula,  60 
Evans,    Ira    N.,    on   Heating,    ventilation,   and   powe 

1144-1244 
Evans'  vacuo  heating  system,  1193-1195 
Excavating,  363-369,  824-826 
compressed-air  caissons,  826 
open  caissons,  825 

protection  of  adjacent  structures,  825 
rock  excavation,  825 
sheet  piling  and  shifting  soils,  825 
shoring,  sheeting,  and  underpinning,  824 
steam-shovel,  824 
Excavating  equipment,  846-861 
concrete  breaker,  861 
cranes,  860 
explosives,  856 
fixed  derricks,  851 
for  earth,  846-856 
rock,  856  861 
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3xcavating  equipment,  grab  buckets,  862 

handling  buckets,  854 

picks,  854 

plows,  854 

pneumatic  clay  spaders,  861 

power  shovels,  846 

rock  drills,  858 

scrapers,  855 

shovels,  hand,  854 
Sxcavation,  costs,  1082 

estimating,  1107 
Ixcavations,  pumping,  827 
Ixpandcd  metal,  1011 

and  plaster  partitions,  027 
Ixplosives  for  rock  excavation,  856 
Ixposition  buildings,  741 

factor  of  safety,  5 

factories,  foundations  for,  357 

natural  lighting,  1419 
factory  lumber,  913,  922 
?air  park  buildings,  739 
?arm  buildings,  783-787 
cattle  barn,  783 
horse  barn,  786 
manure  pit,  786 
swine  barns,  787 
iFiber  stress  coefficients  for  beams,  90 

in  unsymmetrical  bending,  formulas,  79 
FiUers,  1068 

Filters  for  sewage  disposal,  1295,  1299 
Filtration  of  water,  1251 
Financing  a  building  project,  1119 
Finishing  trades  in  building  operations,  846 
Fire  engine  houses,  731 

prevention  and  protection,  336 
Fire  protection  of  structural  steel,  337-343 
brick,  340 
concrete,  340 
coverings  for  steel.  338 
effects  of  heat  in  steel,  337 
hollow  clay  tile,  339 
intensity  of  heat  in  a  fire,  338 
plaster,  341 

resistance  of  materials  to  fire,  339 
selection  of  protective  covering,  341 
thickness  of  protective  covering,  342 
Fire-resistive  column  construction,  343-345 

covering  for  cylindrical  columns,  343 
hollow  tile  columns,  343 
reinforced  concrete  columns,  343 
steel  columns,  coverings  for,  343 
Firo-resistive  floor  construction,  345-349 
brick  arch  floor  construction,  347 
fire  tests,  345 
Herculean  flat  arch,  349 
hollow  tile  flat  arch,  347 
New  York  reinforced  tile  floor,  349 
protecting  steel  girders,  346 
reinforced  concrete  floors,  346 
requirements,  345 
scuppers,  346 
segmental  arches,  349 
simplex  floor  arch,  348 
terra  cotta  or  tile  floor  arches,  347 
Fire  streams,  1264 
Fireproof  construction,  137 


Fireproofing  buildings,  405 
Fish  plate  splice,  250-252 
Fittings,  pipe,  1239-1244 
Flange  angles,  splicing,  284 
Flange  buckling  of  beams,  40 
Flanges  of  plate  girders,  184 
Flat  slab  construction,  441-453 

A    C.  I.  standard  regulations,  443 
design  diagram,  447 

standards,  443 
detailing,  324 
length  of  bars,  447 
moment  coefficients,  446 
rectangular  panels,  450 
slab  and  drop  thickness,  446 
supporting  and  securing  reinforcement,  453 
types  of  flat  slabs,  441 
Flat  slabs,  specifications,  1580 
Fleming,  R.,  quoted  on  the  use  of  bolts,  271 
Flexural  modulus,  81 
Flexure   formulas   for  reinforced   concrete   beams    and 

slabs,  127 
Flitch-plate  girders,  179 
Floor  and  roof  framing,  concrete,  418-441 
bar  supports  and  spacers,  419 
beam  schedules,  437 

collapsible   wood  forms  for   floor  construc- 
tion, 437 
gypsum  floor-tile  construction,  436 
hollow-tile  construction,  426-436 
long  span  rectangular  beams,  424 
marking  of  bent  rods,  421 
metal  floor-tile  construction,  436 
Rawsome  unit  system,  438 
saw-tooth  roof  construction,  439 
screeds  for  floor  slabs,  420 
slab  steel  arrangement,  418 
T-beam  design,  422 
Floor  and  roof  framing  steel,  405-418 
timber,  385-399 
arch  systems,  836 

beams  in  bridge  construction,  effect  on  shears  and 
moments,  26 
Floor  construction,  concrete,  830-837 

bending  and  placing  reinforcement,  832 

centering  for  floors,  830 

concreting  in  hot  and  cold  weather,  836 

finishing  concrete  surfaces,  835 

floor  arch  systems.  836 

forms  for  concrete,  831 

handling   and   storage   of   concrete   materials, 

833 
measurement  of  materials,  833 
mixing  concrete,  834 
placing  of  concrete,  835 
T-beams  in,  142-147 
transporting  concrete,  834 
Floor  construction,  fire-resistive.  345-349 
Floor  construction,  steel,  405-416 
beams  connections,  412 
column  connections,  413 
concrete  floors,  407  , 

connections  of  parts,  412 
elevator  wells,  416 
girders,  410 
joists,  410 
pipe  shafts,  416 
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Floor  construction,  steel,  separators,  414 
stair  wells,  415 
tile  arch  floors,  406 
wood  floors,  405 
Floor  framing  timber,  385-391 
bridging,  386 

columns,  connections  to,  386 
girder  arrangement.  386 
mill  construction,  395-399 
sheathing  and  joists,  385 
stud  partitions,  table,  389 
typical  floor  bay  design,  388 
walls,  connections  to,  386 
Floor  loads,  332 

openings  and  attachments,  458 
Floor  surfaces,  453-458 
asphalt,  457 
brick,  455 
cement,  456 
composition,  457 
foundations  for  tile  floors,  456 
glass  inserts  in  sidewalks,  457 
hardwood,  454 
linoleum,  457 
loading  platforms,  455 
parquetry,  454 
refinishing  wood  floors,  454 
softwood,  453 

supports  for  wood  floors,  455 
terrazo  finish,  457 
tile,  455 

trucking  aisles,  455 
wood,  453 
blocks,  455 
Floors,  concrete,  407 

hollow-tile,  426-436 

in  timber  mill  construction,  403 

tile  aroh,  406 

wood,  in  steel  framing,  405 
Folding  doors,  637 
Footings,  370-385 
brick,  371 
column,  371 
combined,  376 

continuous  exterior  column,  382 
estimating  concrete  for,  1098 
formwork  for,  1104 
heavy  wall,  371 
light  wall,  370 
piers  sunk  to  rock,  384 
piles,  under  reinforced  concrete,  384 
plain  concrete,  370 
raft  foundations,  concrete,  383 
rectangular,  376 

reinforced  concrete,  for  columns,  372 
single  slab,  373 
sloped.  373 
specifications,  1686 
stepped,  376 

steel  beam  and  girder,  385 
stone,  371 
waU,  376 

wooden  grillage,  370 
Force,  definitions,  7 
diagram,  8 
elements  of  a,  7 


Forces,  concurrent,  composition  of,  8,  9 
equilibrium  of,  9,  10 
resolution  of,  8 

definition,  2 

moments  of,  17 

non-concurrent,  composition  and  equilibrium  of,  l; 
reactions,  18 
Forms  for  concrete,  831,  876 

specifications,  1540 
Formwork,  estimating,  1104-1107 

unit  price  for,  1113-1115 
Foundation  work,  826-828 
concreting  plant,  827 
damage  by  rainfall,  827 
forms  and  reinforcement,  828 
pumping  of  excavations,  827 
waterproofing  of  foundations,  828 
Foundations,  360-369 

allowances  for  uneven  settlements,  356 

auger  borings,  350 

bearing  pressure,  359 

building  on  old,  355 

cantilever  construction,  359 

characteristics  of  soil,  rock,  etc.,  351-354 

churches,  357 

city  buildings,  357 

cofferdams,  365 

concrete-pile,  362 
raft,  383 

diamond  drill  borings,  351 

dredged  wells,  369 

eccentric  loading,  359 

effect  of  climate,  355 

electrolysis,  358 

excavating,  363-369 

factories,  357 

loads  on,  354 

partly  on  rock,  358 

pneumatic  caissons,  365-369 

poling  board  method,  365 

residences,  356 

rod  test,  350 

rust,  358 

sand-pile,  363 

sheet-piling.  363 

soil  testing  for  bearing  capacity,  351 

survey  of  site,  350 

test  pits,  351 

wash  borings,  350 

water-tight  cellars,  369 

waterproofing,  356 

wood  borers,  359 

wooden  pile,  360-362 
Foundries,  798 
Frame  walls,  620 
Freight  elevator  doors,  638 

loading  tracks,  clearances  for,  809 
Fuel,  1222 

combustion,  1223 

consumption,  1223 

smoke,  1223 

storing  and  piling  coal,  1223 
Fuller,   William  J.,  on  Splices  and  connections:    steel 

members,  260 
Furnaces,  1180 

Gas  engines,  1233 
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as  fitting,  1429-1433 
flow  of  gas,  1431 
installing  pipe,  1432 
pipe,  1429 

fittings,  1430 
testing,  1433 
tools  used,  1431 
as  lighting,  1422   1428 
definitions,  1422 
design  of  system,  1424 
lamps,  1423 

semi-indirect  illumination,  1427 
asoline  shovel,  848 

tanks,  657 
eneral   Fireproofing   Company,   968,   970,   973,   1013, 

1016 
(enerators,  alternating-current,  1360 
rilman,  Harry  L.,  on  Industrial  plant  layout,  787-802 
iirder.  definition,  2 
iirders,  design  of  wind-bracing,  664 

gravity  and  wind  bending  stresses  in,  663 
in  floor  construction,  386 
roof  construction,  392 
steel  floor  framing,  410 
plate  and  box,  184-191 
protection  of  steel,  346 
wooden,  101,  174-183 
ilass  and  glazing,  1052-1059 
colored,  1058 
costs,  estimating,  1090 
defects,  1052 
estimating,  1108 
glazing,  1059 
grading,  1053 

metal  store-front  construction,  1069 
mirrors,  1056 
physical  properties,  1052 
polished  plate  glass,  1066 
prism  glass,  1067 
processed  glass,  1058 
putty,  1059 
raw  materials,  1052 
sidewallc  glass,  457,  1057 
skylight  glass,  611 
special,  1058 
window  glass,  1053 
wire  glass,  1056 
Grordon  type  of  formula  for  columns,  206,  208 

ordon's  fornmla  for  stresses,  61 
Grab  buckets,  852 
iGranite  for  building,  933 
Graphical  method  of  joints,  54 

treatment  of  the  method  of  sections,  52 
Gravel,  characteristics,  354 
Gravity  tanks,  653 
Grillage  beams,  118 
Grillages,  setting,  828 
Grinders,  air  and  electric,  901 
Ground  floors,  459 
Gypsum  and  its  products,  985-991 
classification,  986 
partition  tile  or  block,  989 
plaster  board,  987 
plasters,  986 
wall  board,  989 
Gypsum  block  partitions,  627 
floor-tile  construction,  436 


Hardpan,  characteristics,  353 
Hardware,  1071   1077 

adjusters,  1074 

bolts,  1076 

butts  or  hinges,  1073 

finishing,  1071 

hand  and  bevel  of  doors,  1076 

locks,  1072 

miscellaneous,  1076 

rough, 1071 

window  pulleys,  1075 
Hardwood  flooring,  454 
Hart,  W.  E.,  on  Stucco,  981-895 
Hauck  Manufacturing  Company,  907 
Hauer,  Daniel  J.,  on  Contracts,  1120-1136 

Specifications,  1136-1141 
Heat,  effect  of,  on  steel,  337 

intensity  of,  in  a  fire,  338 
Heating,  1147-1198 

air-line  vacuum  systems,  1190 

allowances  for  persons  and  lights,  1156 

B.T.U.  losses  of  building  materials,  1164 

calculation  of  transmission,  1153 

climatic  conditions  in  the  U.  S.,  1150 

coefficients  for  different  materials,  1162 

combined  heating  and  power,  1192 

comparison  of  systems,  1195 

costs  of  systems,  1197 

Donnelly  positive  differential  system,  1191 

Evans'  vacuo  system,  1193-1195 

flues  and  hot-air  pipes,  1181 

forced  hot  water  system,  1172-1176 

furnaces,  1180 

gravity  hot  water  system,  1175-1179 

high-pressure  steam  system,  1192 

hot-air  furnace  system.  1179-1184 

water    with    condensing    reciprocating    engines, 
1192 

indirect  heating  system,  1184-1190 

infiltration,  heat  loss  by,  1166 

inside  temperature,  1149 

location  of  radiators,  1166 

low  pressure  gravity  steam  system,  1168-1172 

measurement  of  flow  of  fluids,  1166 

pipe  coils,  1165 

principles  of  piping,  1166 

radiation,  1158 

radiators,  1164 

return  pipes,  size  of,  1171 

selection  of  a  system,  1196 

steam  pipes,  size  of,  1168 

transmission  of  heat,  1147 

unit  fan  heaters.  1190 

vacuum  exhaust  steam  system,  1191 
steam  system,  1190 

vapor  systems,  1191 
Heating  and  power  generating  system,  1192 
Heating,  ventilation,  and  power,  1144-1244 

boilers,  fuels,  and  chimneys,  1218-1233 
heating,  1147-1198 
piping  and  fittings,  1239-1244 
power,  1233-1239 

properties  of  air,  water,  and  steam,  1144- 1147 
ventilation,  1198-1218 
Hennebique  reinforcing  system,  1020 
Herculean  flat  arch,  349 


xu 


INDEX 


Herron,  James  H..  on  Cast  iron,  949-952 
Steel,  952-956 
Wrought  iron,  952 
High-pressure  steam  system  of  heating    1192 
Hinges,  1073 
Hoists,  892-895 

hand-operated,  894 
power-operated,  895 
Holinger,  Arnold  C,  on  Footings,  370-385 
Hollander,  E.,  on  Elevators,  1434-1458 
Hollow  building  tile,  fee  Structural  clay  tile 
clay  tile  for  fire  proofing,  339 
metal  doors,  638 
windows,  635 
tile  columns,  343 

construction,  426-436 
flat-arch  floors,  347 
Homes,  charitable,  751 
Hool,  George  A.,  on  Cement,  992-997 
Computing  stresses  in  trusses,  49-53 
Principles  of  statics,  7-17  . 

Reactions,  17-22 
Shears  and  moments,  22-34 
Hospital  buildings,  751 

Hot-air  furnace  system  of  heating,  1179-1184 
water  service  and  heating  mediums,  1319 
systems  of  heating,  1172-1179 
Hotels,  731 
House  tanks,  655 
Howe,  Prof.   M.  A.,  formula  for  allowable  pressure  on 

timber,  248 
Hydraulic  data,  1260-12G7 

capacities  of  pipes,  ratio  of,  1263 
fire  streams,  1264 
flow  of  water  in  pipes,  1261 
loss  of  head,  1262 
pressure  of  water,  1260 
rain  leaders,  1266 
sprinkler  systems,  1264 
standpipe  and  hose  systems,  1266 
Hydraulic  lime,  992 
rams,  1267 

I-beam  joist,  969 

Ice  manufacturing  plants,  1466-1467 
Itcneous  rocks  for  concrete  aggregates,  998 
Illumination,  daylight,  1417-1421 

electric,  1387-1421 
Imhoff  tanks  for  sewage,  1294,  1299 
Incinerator  closets,  1312 
Indirect  heating  system,  1184-1190 
Industrial  buildings,  standardized,  802-809 
hours  for  women,  748 
lighting,  1411-1415 
Industrial  plants,  787-802 

chemical  industries,  800 

conduits,  794 

cranes,  794 

fire  prevention  and  protection,  795 

floors,  793 

forge  shops,  799 

foundations,  793 

foundries,  798 

heating  and  ventilation,  794 

industrial  terminals,  791 

lighting,  793 

locating  an  industry,  787 


Industrial  plants,  loft  buildings,  791 

machine  shops,  798 

materials  of  construction,  792 

metal  working  industries,  797 

pattern  shops,  799 

planning  for  growth,  796 

power  plants,  796 

preparation  of  plans,  788 

pulp  and  paper  mills,  800 

shipping  facilities,  789 

shoe  factories,  801 

site,  787 

textile  mills,  800 

transportation,  794 

type  of  buildings   791 

wood-working  shops,  799 
Industrial  schools,  748 
Infiltration  galleries,  1249 
Influence  lines,  30 
IngersoU  Rand  Company  drills,  860 
Insulating  materials,  1069-1070 
Insulation  of  walls,  623 

Jacoby,  Prof.,  formula  for  allowable  pressure  on  timbe 

249 
Jails,  747 

Jansky,  C.  M.,  on  Communicating  systems,  1469-147 
Electric  lighting  and  illumination,  1387-1421 
Electrical  equipment,  1353-1386 
Gas  fitting,  1429-1433 
Gas  lighting,  1422-1428 
Lightning  protection,  1477-1479 
Jeffrey  Manufacturing  Company  belt  conveyors,  864 
Jetting,  in  driving  piles,  822 

Johnck,  Frederick,  on  Cornices  and  parapet  walls,  63C 
633 
Doors,  636-640 
Office  buildings,  773-777 
Partitions,  625-630 
Walls,  615-625 
Windows,  633-635 
Johnson,  J.  B.,  formulas  for  timber  columns,  199,  200 
Johnson,  Nathan  C,  on  Concrete  aggregates,  997-100 

Reinforced  concrete,  1031-1032 
Joint  code  for  reinforced  concrete,  1567-1587 
Joints,  lap  and  butt,  271-279 
computations,  273 
design  of,  278 

distribution  of  stress  in,  272 
efficiency,  279 
failure  of,  272 
friction  in,  272 
net  sections,  275 
Joist  hangers,  256 

Joists  and  girders,  connections  between,  254 
in  steel  floor  framing,  410 
spacing  of,  in  floor  construction,  385 
steel.  957 
wooden,  100 

specifications,  1494-1509,  1511 
Jones  and  Laughlin  Steel  Corporation,  960 
steel  sheet  piling,  867 

Kahn  reinforcing  system,  1017 

Kalameined  doors,  638 

Kalman  Steel  Company,  1019 

Kern,  Leroy  E.,  on  Glass  and  glazing,  1052-1059 
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[idwell,  Edgar,  tests  on  girders,  176 

ang,  Frank  R.,  on  Drinking  devices,  1322-1324 
Plumbing  and  drainage  regulations,  1324-1352 
Public  comfort  stations,  777-783 
Waterless  toilet  conveniences,  1300-1312 

Cingsley,   H.    Ray,    on   Protection   of   structural    steel 
from  fire,  337-343 
Structural  clay  tile,  942-949 

finne,  W.  S.,  on  Arched  roof  trusses,  565-584 
Design  of  purlins  for  sloping  roof,  191-197 
Detailed  design  of  a  steel  roof  truss,  531-547 
Detailed  design  of  a  truss  with  knee  braces,  548-564 
Detailed  design  of  a  wooden  roof  truss,  511-531 
Ornamental  roof  trusses,  585-594 
Roof  trusses,  general  design,  460-475 
Roof  trusses,  stress  date,  475-510 
Unsymmetrical  bending,  79  94 

iirchoffer,  W.  G.,  on  Sewage  disposal,  1288-1299 
Water  supply  data  and  equipment,  1246-1287 

Xnee-braced  roof  truss,  548-564 

Knight,  W.  J.,  on  Floor  and  roof  framing,   concrete, 
418-441 
Reinforced  concrete  beams  and  slabs,  127-174 

l^acing  on  steel  columns,  209 
.ackawanna  steel  sheet  piling,  866 
^acquer,  1067 

La  Gaard,  Prof.,  concrete  column  formulas,  212-226 
Larssen  steel  sheet  piling,  867 

Lateral  resistance  of  nails,  screws,  and  bolts,  232-244 
support  for  wooden  beams,  100 
of  compression  flange,  116 
Lath,  metal,  967-976 
corrugated,  972 
general  uses,  973 
integral,  972 
ribbed,  970 
sheet,  973 
weights,  974 
wire,  973 
Lattice  on  steel  columns,  209 
[Lead  burning,  1317 
Liability  insurance,  estimating,  1110 
Libraries,  730 
Lighting,  electric,  1387-1421 

equipment  for  construction  work,  906 
gas,  1422-1428 
Lightning  conductors,  705 
Lightning  protection,  1477-1479 
electrical  conductors,  1477 
installation  of  lightning  rods,  1478 
nature  of  lightning,  1477 
Lime,  976-981 

hydrated,  977 
mortar,  978 
plaster,  978 

materials  for,  979 
plastering  specifications,  980 
products  in  cement  mortar,  979 
putty,  preparation  of,  977 
quicklime  and  its  manufacture,  976 
slakinj;  quicklime,  977 
stucco,  985 
Limestones  for  building,  936 
Linoleum,  457 
Lintels,  cast-iron,  123-126 
Live  load,  definition,  3 


Load,  definition,  2,  3 
Loads  on  columns,  58 

foundations,  354 

roofs,  472-477 

See  also  Shears  and  moments 
Loam,  characteristics,  353 
Locks,  1072 
Lockup,  746 
Loft  buildings,  791 
Long  span  construction,  675-682 
Lord,  Arthur  R.,  on  Concrete  columns,  212-226 

Flat  slab  construction,  441-453 
Lug  angles  in  connections,  288 
Lumber,  classification  of,  911 

measurement,  915 

metal,  956-967 

sizes,  917 

specifications  for  grades,  1491 
Luten  truss,  1020 

MacGregor,  Prof.,  tests  on  mortars,  978 
Machine  drills,  858 

shops,  798 
McMillan,  Prof,  concrete  column  formulas,  212 
Macomber  Steel  Company,  957 
Magnesite  stucco,  985 
Mahon  (R.  C.)  Company,  964 
Mail  chutes,  686-687 
Marani,  V.  G.,  989 
Marble  for  building,  936 

tile  floors,  456 
Marine  borers,  359 
Marion  Steam  Shovel  Company,  860 
Marl,  characteristics,  353 
Masonry  arches,  299-304 
brick  arches,  300 
definitions,  299 
depth  of  keystone,  299 
external  forces,  301 
forms  of  arches,  300 
line  of  pressure,  301 
Masonry,  estimating,  1108 
Material  transporting  equipment,  861-865 
belt  conveyors,  863 
motor  trucks  and  tractors,  862 
wagons,  862 
wheelbarrows,  861 
Mausoleums,  743 
Maximum  shear,  24 
Mayers,  Clayton  W.,  on  Estimating  concrete  buildings, 

1097-1115 
Mechanical  refrigeration,  1469-1468 
absorption  system,  1461 
compression  system,  1460 
domestic  installations,  1468 
ice  manufacturing  plants,  1466 
measurement  of  refrigerating  effect,  1469 
method  of  application,  1463 
proportioning  of  cooling  surface,  1464 
practical  notes,  1467 
rating  of  machines,  1459 
refrigerating  load,  1462 
mediums,  1469 
Mechanical  stokers,  1232 

trades,  842-843 
Memorial  buildings,  743 
Merchandise,  table  of  weights,  334 
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JMctal  clad  doors,  639 

floor-tile  construction,  436 
lath,  967-976 
Metal  lumber,  956-967 
I-beam  joist,  969 
open-type  truss,  957 
plate-girder  joists,  968 
steel  joists,  957 
roof  deck,  964 
studs,  961 
types,  966 
Method  of  sections,  algebraic  treatment,  50 

graphical  treatment,  52 
Military  buildings,  742 
Mill  construction,  395-399 

slow  burning  timber,  399-405 
Milwaukee  Corrugating  Company,  964,  969,  971,  972, 

1016 
Mixers  for  concrete,  880 
Modul  of  elasticity,  ratio  of,  6 
Modulus  of  elasticity,  3 

rupture,  5 
Moment,  bending,  22 

distribution  in  continuous  beams,  147 
in  continuous  beams,  46 
of  a  force,  7 
Moments  and  shears,  22-34 

of  forces,  17 
Monitors  on  roofs,  418 
Moore,  Lewis  E.,  quoted,  97,  209 

Morris,    Clyde    T.,    on    Bearing   plates    and   bases   for 
beams,  girders,  and  columns,  227-229 
Bending  and  direct  stress,  wood  and  steel,  64 
Steel  columns,  208-212 
Tension  members,  229-231 
Mortar,  lime,  978 
Mosaic  floors,  456 
Motor  trucks  and  tractors,  863 
Motors,  alternating  current,  1360 
Moulton,   A.   G.,   on   Construction   methods,   815-837, 

839-846 
Multiple  beam  girders,  117 
Municipal  buildings,  730 
Music  halls,  741 

Nails,  231 

estimating,  1091,  1094 
lateral  resistance  of,  232 
National  Concrete  Company,  1021 
National  Steel  Fabric  Company,  1007,  1014 
Natural  illumination,  1417-1421 
New  York  reinforced  tile  floor,  349 

Non-concurrent  forces,  composition  and  equilibrium  of, 
12 
determination  of  reactions,  18 
Normal  schools,  738 
Northwestern    Expanded    Metal    Company,    968,    970, 

972,  1013 
Notation,  1480 

Office  buildings,  773-777 

arrangement  of  offices,  774 
column  spacing,  777 
doors,  636 
floor  finish,  774 
general  plan,  776 
lighting  of  offices,  1409 


OflSce  buildings,  office  requirements,  776 
pipe  and  wire  shafts,  774 
story  height,  776 
toilets,  774 

type  of  construction,  774 
Open-type  truss,  957 
Orange-peel  buckets,  853 
Orders  of  architecture,  719 
Ornamental  roof  trusses,  585-594 

Owen,  Allan  F.,  on  Clearances  for  freight  tracks  an 
automobiles,  809-811 
Floor  openings  and  attachments,  458 
Floor  surfaces,  453-458 
Ground  floors,  459 
Retaining  walls,  688-696 
Oxyacetylene  cutting,  901 

Paint,  1060-1066 

application,  1063 
cold-water,  1068 
composition,  1060 

dryers,  1063 

drying  oils,  1062 

evaluation,  1060 

formulas,     specifications     and     tests,     1068 

functions  and  properties,  1060 

interior  walls,  1065 

manufacture,  1063 

painting  concrete,  brickwork,  etc.,  1064 

pigments,  1061 

preparation  for  use,  1063 

steel  and  other  metals,  1065 

terms  in  specifications,  1068 

thinners,  1063 
Painting,  1096 

estimating,  1109 
Parabolic  formula  for  stresses,  62 
Parapet  walls,  604,  617,  632 
Park  buildings,  741 
Partition  deadening,  623,  628 
Partitions,  625-630 

brick,  625 

cold  storage  buildings,  628 

concrete,  626 

expanded  metal  and  plaster,  627,  628 

finishes,  629 

fireproof,  625 

gypsum  blocks,  627 

lith,  628 

non-fireproof,  627 

plaster  board,  628 

sound  deadeners  for,  623,  628 

tile,  626 

toilet  room,  630 

wall  board,  628 

wood  and  plaster,  627 
Party  walls.  622 
Peabody,  Arthur,  on  Architectural  design,  717-728 

Architectural  practice,  1116-1119 

Architectural  timber  work,  585 

Farm  buildings,  783-787 

Mail  chutes,  6S6-687 

Public  buildings,  general  design,  728-753 

Swimming  pools,  682-686 
Peat,  characteristics,  353 
Penitentiaries,  748 
Photographs  of  building  site,  820 
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Pickard,  Glenn  H.,  on  Paint,  varnish,  etc.,  1060-1068 
Pier  construction  of  walls,  616 
Piers  and  buttresses,  305-308 

designing  for  stability,  307 
methods  of  failure,  305 
principles  of  stability,  305 
Piers,  brick,  tests  on,  1620-1628 

under  foundations,  384 
Pigments,  paint,  1061 
Pile  driving,  821-824 

foundations,  concrete,  362 
sand,  363 
wooden,  360-362 
Piles,  reinforced  concrete  footings  on,  384 
Piling  and  pile-driving  equipment,  865-873 
caps  for  piles,  871 
drivers,  867 
hammers,  868 
points  or  shoes,  871 
pulling  sheet  piling,  872 
sheet,  363,  825,  865 
steel  sheet  piling,  364,  866 
wood  sheet  piling,  865 
See  also  Excavating 
Piltz,  A.  W.,  on  Metal  lumber,  956,  967 
Pin-connected  reinforcing  system,  1020 
Pin  connections  of  steel  members,  293-298 
Pintles,  401 

Pipe  coils  for  heating,  1166 
lead,  1316 
shafts,  416 

threading  machines,  906 
Pipes  and  fittings,  water,  1283-1287 
cast-iron  pipe,  1283 
concrete  pipe,  1286 
cost  of  laying,  1284 
flange  fittings,  1286 
screwed  fittings,  1287 
wood  stave  pipe,  1284 
wrought-iron  pipe,  1283 
Piping  and  fittings,  1239-1244 

blow-off  and  feed  pipes,  1241 
fittings  and  valves,  1241 
flanged  fittings,  1239 
joints  and  flanges,  1239 
pipe,  1239 
pipe  covering,  1241 
Plank,  specifications,  1494-1609,  1611 
Plaster  as  fireproofing  material,  341 
board,  gypsum,  987 
lime,  979 
Plastering,  estimating,  1108 
machines,  905 
specifications,  980 
Plasters,  gypsum,  986 
Plate  and  box  girders,  184-191 
combined  stresses,  186 
flanges,  184 

resisting  moment,  determination  of,  184 
riveting,  flange,  1S6 

web,  185 
splices,  185 
stiffener  angles,  185 
web,  184 

reinforcement,  186 
Plate  girder  flange  splices,  284 
joists,  968 


Plate  girder  web  splices,  281 
Plumbing  and  drainage,  1313-1362 
area  drains,  1316 
chemical  installations,  1317 
cold  water  consumption  and  piping,  1321 
drinking  devices,  1322-1324 
hanging  fixtures,  1319 
hot  water  service,  1319 
house  drains,  1316 

lavatories,  bath  tubs,  and  showers,  1318 
lead  burning,  1317 
waste  pipe,  1316 
rain  water  leaders,  roof  terminals,  1314 
regulations,  1324-1362 
sewers,  1313 
sinks,  1319 

storm  water  disposal,  1313 
subsoil  drains,  1313 

suggestions  for  engineers,  architects,  etc.,  1362 
swimming  pools,  1319 
toilet  fixtures,  1318 
traps,  1316 
vents,  1316 
waste  discharge,  1316 
yard  drains,  1316 
Plumbing  regulations,  1324-1352 

catch  basins,  sumps  and  ejectors,  1343 
explanation  of  terms,  1327 
floor  drains  and  fixture  wastes,  1345 
inspections  and  tests,  1348 
joints  and  connections,  1341 
miscellaneous  provisions,  1343 
outside-of-building,  1325 
plumbing  fixtures.  1346 
quality  and  weight  of  materials,  1337 
repairs  and  reconstruction,  1348 
sewers  and  drains,  1329 
surface  and  rain  water  connections,  1342 
toilet  rooms  for  public  buildings,  1349 
traps  and  clean-outs,  1339 
within-the-building,  1328 
Plumbing  work,  842 
Pneumatic  caissons,  365-369 

excavating  tools,  861 
Poisson's  ratio,  6 
Police  stations,  746 

Poling  board  method  of  sinking  shafts,  365 
Portland  cement,  992-996 
specifications,  1481 
Positive  differential  system  of  heating,  1191 
Post-caps.  259 

Posts,  specifications,  1494-1609,  1616 
Power,  1233-1239 
auxiliaries,  1238 

comparison  of  engines  and  turbines,  1237 
compounding  engines,  1235 
condensers,  1238 
condensing  water,  1238 
engine  valves.  1235 
gas  engines.  1233 
prime  movers,  1233 
removal  of  entrained  air,  1238 
steam  engines,  1234 
superheated  steam,  1237 
turbines,  1236 
Power  plants,  796 
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Preparation  of  site  for  a  building  operation,  820-824 
location  of  reference  points,  820 
photographs,  820 
pile  driving,  821-824 
wrecking  buildings,  821 
Pressure  on  foundations,  359 

tanks,  653 
Privi(  s,  outdoor,  1300-1306 
Properties  of  wood  and  steel  sections,  96 
Protection  of  structural  steel  from  fire,  337-343 
Public  buildings,  728-753 

charitable  purpose  buildings,  751 

churches,  744 

city  halls,  730 

civic  centers,  743 

club  houses,  731 

colosseums,  732 

comfort  stations,  742,  777-783 

convention  halls,  732 

court  houses,  729 

dance  halls  and  academies,  742 

detention  buildings,  746 

expositions,  741 

fair  park  buildings,  739 

fire  engine  houses,  731 

hospitals,  751 

hotels,  731 

institutions  isolated  from  cities,  753 

libraries,  730 

mausoleums,  743 

military  buildings,  742 

municipal  buildings,  730 

normal  schools,  738 

park  buildings,  741 

railway  stations,  732 

schools,  738 

state  Capitols,  728 

theaters  and  music  halls,  741 
tombs,  memorials,  etc.,  743 
town  halls,  729 
universities,  732-758 
Pulling  sheet  piling,  872 
Pulsometer  steam  pump,  874 

Pulvcr,  H.  E.,  on  Cement  mortar  and  plain    concrete, 
1021-1031 
Concrete  reinforcement,  1002-1021 
Metal  lath,  967-976 
Pumping  equipment,  873-876,  1267-1277 
air  lift  pumps,  1270 

centrifugal  or  turbine  pumps,  874,  1275 
city  water  lifts,  1276 
deep  well  plunger  pumps,  1269 
diaphragm  pumps,  873 
fire  p\imps,  1276 
horsepower  required,  1276 
hydrauUc  rams,  1267 
power  pumps,  1273 
reciprocating  pumps,  874 
residential  pumping  plants,  1274 
rotary  or  impeller  pumps,  1270 
steam  pumps,  874 
windmills,  1276 
Purdy,  Corydon  T.,  on  Shafts  in  buildings,  648-651 

Stairs,  640 
Purification  of  water,  1250-1267 
Purlins,  463,  513,  533 


Purlins  for  sloping  roofs,  191-197 

flexible  roof  covering,  193 

free  to  bend,  194 

load  carried  by,  191 

rigid  roof  covering,  192 

supported  by  tie  rods,  195 

unsymmetrical  bending,  191 
Putty,  1059 
Puzzolan  cement,  992 
Pyrona  doors,  638 

Radiation,  heat,  1168 
Radiators,  1164 

Raft  foundations,  concrete,  383 
Railway  stations,  732 
Rain  water  leaders,  607,  1266 
regulations,  1342 
roof  terminals,  1314 
Rams,  hydraulic,  1267 
Ransome  unit  system,  438 
Reactions,  17-22 

determination  of,  18 
Reciprocating  pumps,  875 
Reformatories,  748 
Refrigeration,  mechanical,  1469-1468 
Reinforced  concrete,  1031-1032 
beams  and  slabs,  127-174 
bending  and  direct  stress,  68-79 
Reinforced  concrete  building  regulations,  1567-1587 
bond  and  anchorage,  1579 
columns  and  walls,  1684 
concrete  quality  and  working  stresses,   1670 
definitions,  1567 
design,  1545,  1575 
flat  slabs,  1680 

flexural   computations   and   moment   coeffi- 
cients, 1576 
footings,  1586 

forms  and  details  of  construction,  1574 
materials  and  tests,  1569 
mixing  and  placing  concrete,  1673 
shear  and  diagonal  tension,  1678 
Reinforced     concrete     construction,     floor     and      roof 
framing,  418-441 
joint  code,  1667-1687 
specifications  for,  1531-1666 
Reinforcement,  1002-1021 

bars,  specifications,  1486-1487 
estimating,  1107 
specifications,  1541 
unit  price  of,  1115 
Reinforcing  systems,  1017-1021 
Residences,  foundations  for,  356 

hghting,  1415-1417 
Resolution  of  concurrent  forces,  8 
Restrained  and  continuous  beams,  42-49 
Resultant  of  forces,  7 
Retaining  walls,  688-696 
cantilever,  691 
masonry,  691 
reinforced  concrete,  691 
sloping  back  fill,  694 
stability,  688 
steel  sheet  piling,  694 
structural  steel  frame,  694 
supporting  railroad  tracks,  696 
surcharge,  695 
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Revolving  doors.  639  Root  trusses,  spacing,  462 

Rib  metal.  1016  «"''^''  design  of,  531-547 

Ribbed  lath.  970  stress  data,  53-58,  475-510 

Ries.  H.,  on  Building  stones,  923-936  weight  of,  471 

Riveted  tension  members,  230  wind  loads,  472 

Riveters,  air,  900  wooden,  design  of,  511-531 

Riveting  girders,  185,  186  Roof  trusses,  arched,  565-584 

steel  frame  work,  830  bracing,  584 

Rivets   260-271  determination  of  reactions  and  stresses,  567 

dimensions,  261  fo™  °f-  ^65 

direct  tension,  270  hingeless  arches,  574 

driving  of,  268  loading  conditions,  576 

erin    '^62  members  and  joints  for  three-hinged  arch,  582 

hole's!    "^63  stresses  in  braced  and  ribbed  arches,  574 

kinds    260  three-hinged  arches,  reactions,  508 

location,  263  stresses,  577 

shearing  and  bearing  values,  269  two-hinged  arches,  reactions,. 571 
spacing,  266                                                                                 Rooi  trusses,  knee-braced,  548-564 

Roberts,  Alfred  W.,  on  Cast-iron  lintels,  123-126  bracing,  562 

Masonry  arches,  299-304  conditions  for  design,  553 

Plate  and  box  girders,  184-191  design  of  members  and  columns,  556 

Steel  beams  and  girders,  115-123  form  of,  548 

Rock  excavating  equipment,  856-861  girts,  561 

Rock  excavation,  825  joints,  560 

Rocks,  characteristics,  354  stress  determination,  548 

used  as  building  stones,  924  stresses  in  members,  554 
Rod  spacing  in  columns,  326                                                          Roof  trusses,  ornamental,  585-594 

concrete  detailing,  324,  325  architectural  timber  work,  585 

Rogers,  H.  S.,  on  Cast-iron  columns,  204-208  combined  trusses,  593 

Columns   58-64  hammer-beam  truss,  stresses,  592 

Stresses  in  roof  trusses,  53-58  joint  details,  394 

Roof  construction,  timber,  391-395  scissors  truss,  stresses,  587 
girders  or  trusses,  392                                                      Roof  trusses,  steel,  531-547 

joists,  spacing  of,  391  bracing,  design  of,  547 

saw-tooth  roof  framing,  393  conditions  of  design,  531 

sheathing,  391  estimated  weight,  543 

Roof  deck,  steel,  964  joints,  design  of,  538 

Roof  drainage,  605-609  loadings,  532 

catch  basins,  608  members,  design  of,  535 

flashing,  605  minor  details,  542 

gutters,  605  purlins,  design  of,  533 

leaders,  607,  1266,  1314,  1342  sheathing,  design  of,  532 

pitch    605  stresses  in  members,  533 

slopes  on  flat  slabs,  60S  top  chord,  design  of,  543 

Roof  framing,  steel,  416-418  type  and  form,  531 

flat  roofs,  416  Roof  trusses,  stresses  in,  53-58,  475-510 

hip  and  valley  rafters,  417  algebraic  method  of  sections,  53 

monitors   418  graphical  method  of  joints,  54 

pitched  roofs,  416  loads,  53 

saw-tooth  skylights,  417  methods  of  equations  and  coefTicients,  54 

Roof  trusses,  460-594  reactions,  53 

arched,  565-585  wind  load  stresses,  56 
oracin-;  of  roofs  and  buildings,  467                                  Roof  trusses,  wooden,  511-531 

choice  of  sections,  408  conditions  of  design,  511 

connertions  between  purlins  and  roof  covering,  estimated  weight,  530 

4gg  joints,  design  of,  517 

gener.'il  design,  460  .  members,  design  of,  515 

form    461  sheathing,  rafters,  and  purlins,  513 

joint' details,  469  stresses  in  members,  513 
knee  rbraced,  design  of,  547-564                                       Roofing,  estimating,  1096,  1109 
loadiings,  470                                                                           Roofs  and  roof  coverings,  594-604 

loadf/^,  combinations  of,  474  asbestos  corrugated  sheathing,  602 

menfbers,  form  of,  469  protected  metal,  001 

ornaimental,  585-594  cement  tile,  602 

462  clay  tile,  602 

purl  ins,  spacing  of,  463  concrete  slab  decks,  596 

snovF  loads,  473  condensation  on  roofs,  603 
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Roofs  and  roof  coverings,  conditions  to  be  considered, 
595 

copper,  600 

cornices,  60t 

corrugated  steel,  601 

glass,  603 

gypsum  composition,  597 

hollow  tile,  597 

insulating  methods,  604 

lead,  601 

metal  tile,  603 

parapet  walls,  604 

precautions  in  design,  596 

prepared  roofing,  602 

reinforced  gypsum,  597 

selecting  the  type,  594 

shingles,  598 

slag  or  gravel  roofing,  602 

slate,  599 

tin,  599 

wooden,  598 

zinc,  600 
Roofs  in  timber  mill  construction,  404 

purlins  for  sloping,  191-197 
Rubber  tiling  for  floors,  456 
Rust  in  foundations,  358 

S-line,  in  unsymmetrical  bending,  81 
S-polygons,  in  unsymmetrical  bending,  81-86,  90 
Safe  load,  6 

Safety  deposit  vaults,  625 
Sand,  characteristics,  352 
pile  foundations,  363 
Sandstones  for  building,  934 
Saville,  C.  M.,  1258-1260 
Saw-tooth  skylights,  417 
roof  framing,  393 
roofs  in  concrete  construction,  439 
Scaffolds,  841,  897-899 
fixed,  898 
suspended,  898 
School  planning,  761-773 

administration  offices,  772 

auditorium,  770 

building  laws,  762 

class  rooms,  767 

commercial  high  schools,  764 

continuation  or  part-time  classes,  765 

corridors,  768 

department  rooms,  771-772 

educational  surveys,  762 

fire  protection,  773 

general  design,  738 

gymnasiums,  709 

height  of  school  buildings,  765 

intermediate  or  junior  high  schools,  763 

kindergartens,  769 

laboratories,  770-771 

library,  770 

lunch  room,  771 

manual  training  schools,  764 

measurements  of  buildings,  766 

orientation  of  building,  767 

playgrounds,  773 

primary  schools,  763 

program  of  studies,  762 

school  organization,  762 


School  planning,  school  sites,  762 
senior  high  schools,  764 
swimming  pools,  770 
toilet  rooms,  769 
vocational  schools,  764 
wardrobes,  768 
wider  use  of  buildings,  765 
Scrapers  for  excavating,  855 
Screws,  231 

lateral  resistance  of,  239 
Scuppers  in  walls  of  buildings,  346 
Seat  connections  in  floor  framing,  413 
Seaton,  M.  Y.,  on  Paint,  varnish,  etc.,  1060-1068 
Sedimentary  rocks  for  concrete  aggregates,  998 
Sedimentation  tanks,  1294 
Segmental  arches,  349 
Self-centering  fabrics,  1015 
Separators  in  steel  floor  framing,  414 
Septic  tanks,  1293,  1298 
Sewage  disposal,  1288-1299 

composition  of  sewage,  1290 
cost,  1289 
details,  1289 
filters,  1295,  1299 
ImhofT  tanks,  1294,  1299 
inspection  of  plants,  1298 
limiting  grades,  1289 
materials  used  for  sewers,  1288 
processes  of  purification,  1292 
sedimentation  tanks,  1294 
selection  of  method,  1297 
septic  tanks,  1293,  1298 
size  of  sewers,  1288 
tank  treatment,  1292 
variations  of  flow,  1289 
workmanship,  1289 
Sewers,  regulations,  1329 
Shafts  in  buildings,  648-651 
closed,  648 
elevator,  649 
open,  648 

stairway  enclosures,  648 
Shapes,  steel,  95 
Shear  and  torsion,  4 
in  beams,  38,  48 
pin  splice,  253 
Shearing  stresses  in  reinforced  concrete  beams,  127 
Shears  and  moments,  22-34 

concentrated  load  systems,  32 
definitions,  22 

determining  moment  graphically,  25 
diagrams,  23 

effect  of  floor  beams  in  bridge  cons-ruction,  2fl 
influence  lines,  30 
maximum  moment,  24 
moving  uniform  load,  29 
single  concentrated  moving  load,  28 
Sheathing,  in  floor  construction,  385 

papers,  1069-1070 
Sheet-piling,  363,  825,  865 
Shingles,  621 
Shoe  factories,  801 
Shoring  in  excavating,  824 

of  beams,  48 
Shovels,  power,  846 
Shrinkage  stresses,  6 
Siding  on  frame  walls,  621 
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Silt,  characteristics,  353 
Simple  and  cantilever  beams,  34-41 
Simplex  floor  arch,  348 
Simpson,  Russell,  249 

Site  of  building  operation,  preparation,  820-824 
Skyhghts  and  ventilators,  609-615 
common  box,  613 
glass.  611 

longitudinal  monitors,  613 
saw-tooth  construction,  613 
transverse  monitors,  613 
ventilators,  614 
Slab  footings,  single,  373 

steel  arrangement,  in  concrete  construction,  418 
Slabs  and  walls,  detailing  in  concrete  construction,  323 
reinforced  concrete,  141 
See  also  Beams,  reinforced  concrete 
Slag  cement,  992 
Slate  for  building  stone,  936 
Sloped  footings  for  columns,  373 
Slow-burning  timber  mill  construction,  399-405 
anchoring  steel  beams,  404 
basement  floors,  405 
beam  arrangements,  403 
columns  and  walls,  404 
floor  details,  403 
pintles  over  columns,  401 
rigid  connections,  402 
roofs,  404 
Smith,  C.  Shaler,  formula  for  timber  columns,  199 
Smith,  Stewart  T.,  on  Mechanical  refrigeration,  1469- 

1468 
Softwood  floors,  453 

lumber  classifications,  911 
Soil,  characteristics,  351 

tests  for  bearing  capacity,  351 
Space  diagram,  8 
Specifications,  1136-1141 
city  codes,  1140 
form,  1137 
index,  1141 

schedules  of  material  and  work,  1140 
See  also  Appendixes  at  end  of  Vol.  II 
Spiral  columns,  213 

Splices  and  connections:  steel  members,  260-298 
avoiding  eccentric  connections,  292 
compression  members,  279 
connection  angles,  285-289 
cover  plate  splices,  285 
eccentric  connections,  289 
lap  and  butt  joints,  271-279 
lug  or  chp  angles  in  connections,  288 
pin  connections,  293-298 
plate  girder  flange  splices,  284 

web  splices,  281 
requirements  for  a  good  joint,  293 
rivets  and  bolts,  260-271 
splices  in  trusses,  279 
tension  members,  280 
Splices  and  connections:  wooden  members,  231-260 
bolts,  232 

compression  on  surfaces  inclined  to  direc- 
tion of  fibers,  248 
connections  between  columns  and    girders, 
257 
joists  and  girders,  254 
fish  plate  splice,  250-252 


Splices     and     connections:     wooden     members,    joist 
hangers,  256 
lateral  resistance  of  nails,  screws   and  bolts. 

232-244 
nails,  231 

post  and  girder  cap  connections,  259 
resistance  to  pressure  from  metal  pin,  248 

withdrawal  of  nails,  screws,  etc..  244 
screws,     231 
shear  pin  splice,  253 
tenon  bar  splice,  252 
tension  splices,  249-253 
washers,  245-248 
Springs,  1249 
Sprinkler  systems,  1264 
Sprinkler  tanks,  651 
Stacks,  brick,  698 
concrete,  699 
steel,  703 
Stains,  1067 
Stair  wells,  415,  648 

work,  843-845 
Stairs,  640-647 

balustrades,  645 
definitions,  640 
enclosed,  645 
estimating,  1103.  1112 
hand  rails,  645 
landings,  645 
location,  644 

materials,  details,  etc.,  646 
number,  642 

reinforced  concrete,  169-174 
risers,  and  treads,  641 
width,  642 
winders,  645 
Standardized  industrial  buildings,  802-809 
advantages,  803 

Austin  method  of  construction,  802 
illustrations,  803 
origin,  802 
types,  802 
State  Capitols,  728 
Statically  determinate  structures,  3 
Statics,  principles  of,  7-17 
center  of  gravity,  16 
definition,  7 
elements  of  a  force,  7 
moments  of  forces,  17 
Steam  engines,  1234 

hammers  for  pile  driving,  822 
heating  system,  1168-1172 
properties  of,  1144 
pumps,  874 
shovel,  824,  848 
turbines,  1236 
Steel,  952-956 
alloy,  964 
carbon,  963 
castings,  955 
effect  of  heat  on,  337 
elements  in,  962 
forgings,  965 
manufacture,  963 
rolled  shapes,  966 
structural  pressed,  965 
See  also  Structural  steel 
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Steel  beams  and  girders,  115-123 
buckling  of  web,  115 
double-layer  beam  girder,  117 
cover  plates,  117 
deflection,  110 
design  of,  115 
grillage  beams,  118 

lateral  support  of  compression  flange,  116 
multiple  beam  girders,  117 
strut-beams,  118 
tie-beams,  117 
Steel  buildings,  estimating,  1080-1096 

caissons,  367 
Steel  columns,  208-212 

caps  and  bases,  211 
combined  with  concrete,  212 
details,  209 

forms  of  cross  section,  208 
formulas,  62,  208 
lattice  or  lacing,  209 
slenderness  ratio,  208 
splices,  211 
Steel  doors,  638 

Steel-erection  equipment,  900-903 
air  riveters,  900 
chipping  tools,  900 
dollies,  900 

drills,  air  and  electric,  901 
grinders,  air  and  electric,  901 
oxyacetylene  cutting,  901 
rivet  sets,  900 
welding,  901 
Steel  floor  and  roof  framing,  405-418 
frame  buildings,  erection,  829 
joists,  957 
roof  truss,  design,  531-547 

sash,  estimating,  1108 

sections,  properties,  96 
Steel  shapes  and  properties  of  sections,  95-98 

manufacture  and  kinds  of  shapes,  95 
properties,  96 
Steel  sheet-piling,  364,  825,  866 
windows,  634 
wire  gage,  1006 

reinforcement,  specifications,  1487 
Stiffener  angles  of  girders,  185 
Stiffness,  definition,  5 
Stirrups,  detailing,  325 
Stokers,  mechanical,  1232 
Stone  masonry,  strength  of,  1529-1530 
Stone  work,  839-841 

general  precautions,  840 
handling  stone,  840 
pointing,  840 
preventing  stains  on,  839 
setting,  839 
Stones,  building,  923-936 
Storage  of,  water,  1277-1283 
cisterns,  1280 

concrete  tanks  and  reservoirs,  1280 
ice  in  tanks,  1282 
pneumatic  tanks,  1280 
steel  tanks,  1279 
wooden  tanks,  1277 
Straight-line  formula  for  stresses,  62 
Stress  and  deformation,  3 
axial  stress,  4 


Stress  and  deformation,  bending  stresses,  5 
bond  stress,  6 
combined  stresses,  4 
curves,  4 

shrinkage  and  temperature  stresses.  6 
working  stress,  5 
Stress,  bending  and  direct,  wood  and  steel,  64-68 
Stress  data  for  roofs,  475-510 
coefficients,  475 

tables  of  coefficients,  476,  478-510 
vertical  loading,  476 
wind  loads,  477 
Stress  fiber,  coefl5cients  for  beams,  90 

formulas  for,  79 
Stresses,  formulas  for  determining,  60 

in  trusses,  computing,  49-58 
Stringers,  specifications,  1494-1509,  1511 
Structural  clay  tile,  942-949 
absorption  tests,  948 
adhesion  tests,  949 
fire  tests,  948 

freezing  and  thawing  tests,  948 
kinds,  943 
manufacture,  943 
minimum  requirements,  949 
ordinary  temperature  tests,  949 
sound  tests,  949 
specification  requirements,  944 
strength  tests,  946 
tests  on,  946 
Structural  data,  332-716 
balconies,  668-675 
buildings  in  general,  332-337 
chimneys,  697-705 

concrete  floors  and  roof  framing,  418-441 
cornices  and  parapet  walls,  630-633 
domes,  705-716 
doors,  636 
fire-resistive  column  construction,  343-345 

floor  construction,  345-349 
flat  slab  construction,  441-453 
floor  openings  and  attachments,  458 

surfaces,  453-458 
footings,  370-385 
foundations,  350-369 
ground  floors,  459 
long  span  construction,  675-682 
mail  chutes,  686-687 
partitions,  625-630 

protection  of  structural  steel  from  fire,  337-343 
retaining  walls,  688-696 
roof  drainage,  605-609 

trusses,  460-594 
roofs  and  roof  coverings,  594-604 
shafts  in  buildings,  648-651 
skylights  and  ventilators,  609-615 
slow-burning  timber  mill  construction,  399-405 
stairs,  640-047 

steel  floors  and  roof  framing,  405-418 
swimming  pools,  682-686 
tanks,  651-657 

timber  floors  and  roof  framing,  385-399 
walls,  615-625 

wind  bracing  of  buildings,  657-668 
windows,  633-635 
Structural  lumber  sizes,  921 

members,  designing  and  detailing,  95-331 
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Structural  steel,  costs,  1083 
erection  costs,  1086 
examination  of,  955 
fire  protection  of,  337-343 
specifications,  1482 
Structural  steel  detailing,  310-321 
assembling  marks,  314 
drafting  room  organization,  310 
layouts,  312 
ordering  material,  311 
riveted  connections,  312 
shop  detail  drawings,  312 
typical  detail  drawings,  314-321 
Structural  steel  work,  828-830 

bolting  and  plumbing  of  superstructure,  829 
cycle  of  erecting  operations,  829 
erecting  equipment,  829 
riveting,  830 
setting  grillages,  828 
Structural  theory,  elements  of,  2-94 

wood  joist,  etc.,  specifications,  1491-1509 
Strut-beams,  118 
Stucco,  981-985 

application,  983 
color,  984 

frame  or  timber  walls  for,  932 
general  provisions,  983 
lime,  985 
magnesite,  985 
masonry  walls  for,  982 
monolithic  concrete  walls  for,  982 
overcoating  old  houses,  984 
proportions,  983 
reinforcement,  983 
Stucco  machines,  905 
Stud  partitions,  table,  389 
Studs,  steel,  961 

Sullivan  Machinery  Company  drills,  860 
Surfacing  machines  for  concrete,  904 
Swimming  pools,  682-686 
cable,  685 
construction,  683 
dimensions,  683 
diving  board,  684 
heating,  686 
lines  and  markings,  684 
linings,  684 
location,  682 
overflows,  etc.,  684 
school,  770 
shape  of  bottom,  683 
spaces  about  the  pool,  685 
special  types  for  sports,  685 
water  supply  and  sanitation,  686 
Sykes  Metal  Lath  Co.,  968,  972,  973 
System  and  control  in  building,  815-820 
daily  reports  and  diaries,  820 
time  schedule,  815-819 
working  estimate,  819 

T-beam  design,  422 

T-beams,  142-147 

Tait,  W.  Stuart,  on  Chimneys,  697-705 

Talbot,  Prof.,  quoted,  209 

Tanks,  651-657 

gasoline,  657 

house,  655 


Tanks,  sewage  disposal,  1292-1299 
sprinkler,  651 
water,  1277-1283 
Telephone  systems.  1469-1476 

common  battery  interphone  systems,  1476 
distributing  frame,  1469 
installation  of  subscribers'  sets,  1470 
intercommunicating,  1473 
substation  wiring,  1472 
switchboard,  1469 
wiring  classification,  1470 
Temperature  stresses,  6 
Temperatures,  usual,  1149 
Tenon  bar  splice,  252 
Tension  in  beams,  39 
Tension  members,  229-231 
riveted,  230 
rods  and  bars,  229 
wooden,  231 
Tension  splices  in  timber  construction,  249 
Teredo,  danger  of,  to  foundations,  359 
Terminal,  industrial,  791 
Terra  cotta,  1039-1045 

ceramic  finish,  1041 
cleaning,  1045 

general  principles  for  construction,  1042 
jointing  and  painting,  1045 
maintenance,  1045 
procedure  and  characteristics,  1039 
setting,  1044 
surface  finish,  1041 
synopsis  of  manufacture,  1040 
use  and  properties,  1039 
Terra  cotta  floor  arches,  347 

partitions  estimating,  1108 
Terrazo  finish  floors,  457 
Textile  mills,  800 
Theaters,  741 

balcony  framing,  673 
ventilation,  1203. 
Thiessen,  Frank  C,  on  Fire-resistive  column  construc- 
tion, 343-345 
Fire-resistive  floor  construction,  345-349 
Piers  and  buttresses,  305-308 
Thompson-Starrctt  Company,  time  schedule,  817 
Thomson,  T.  Kennard,  on  Foundations,  350-369 
Threading  machines,  906 

Three-moment  equation  in  continuous  beam  design,  43 
Tie-beams,  117 

definition,  2 
Tile  arch  floors,  347,  406 
floors,  455 
gypsum,  989 
partitions,  626 
walls,  620 
Tiling,  1046-1052 

certification  of  grades,  1061 
crazing,  1051 
glazed  tiles,  1047 
grades  of  tile,  1048 
manufacture,  1046 
setting,  1052 
standards,  1048 
trim  tiles,  1047 
unglazed  tiles,  1046 
Timber,  908-923 

board  measure,  table,  916 
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Timber,  classification  of  lumber,  911 

composition  and  mechanical  properties,  909 

decay,  prevention  of,  911 

defects,  910 

deterioration,  910 

estimating  quantities,  922 

factory  and  shop  lumber  sizes,  922 

factory  lumber,  913 

framing  timbers,  sizes,  916 

general  characteristics,  980 

grades    specifications,  1491 

measurement  of  lumber,  916 

sawing,  911 

seasoning,  910 

shrinkage,  909 

sizes  of  lumber,  917 

softwood-lumber  classifications,  911 

strength  values,  914 

structural  lumber,  913 
sizes,  921 

used  for  wooden  beams,  99 

working  stresses,  specifications,  1510-1619 

yard  lumber,  912 

sizes,  917 

Timber  detailing,  308-310 

information  in  plans,  308 
plans  required,  309 
scales,  309 
Timber  floor  and  roof  framing,  385-399 
Time  schedule  in  building  operations,  816-819 
Toilet  fixtures,  1318 

;  -om  partitions,  630 

rooms  for  public  buildings,  1349 
Toilets,  waterless,  1300-1312 
Tombs,  743 
Torsion,  4 
Town  halls,  729 
Traps,  1316 

regulations,  1339 
Troutwine's  formula  for  keystone  of  an  arch,  299 
Truscon  Steel  Company,  806,  967-973,  1016 
Trussed  girders,  180-183 
Trusses,  computing  stresses  in,  49-58 

definition,  2 

roof,  392,  460-594 
Turbines,  1236 

Underfloors,  459 
Unit  fan  heaters,  1190 

prices,  estimating,  1110 
reinforcing  system,  1019 
stresses  for  design  of  wooden  beams,  99 
University  buildings,  732-738 
Unsymmetrical  bending,  79-94 

deflection  of  beams,  93 

fiber  stress  coefficients  for  beams,  90 

flexural  modulus,  81 

formulas  for  fiber  stress,  79 

investigation  of  beams,  89 

S-Hne,  81 

S-polygons,  81-86,  90 

solution  of  problems,  86 

Vacuum  exhaust  steam  heating,  1191 

steam  heating,  1190 
Valves,  engine,  1236 
Vapor  systems  of  heating,  1191 


Varnish,  1066 

Vault  construction,  624 

Ventilation,  1198-1218 
air  distribution,  1206 

washers,  1206 
allowance  for  fittings,  1217 
automatic  temperature  control,  1206 
duct  and  fan  circulation,  1212 
design,  1206 
systems,  1214 
fans  and  blowers,  1217 
friction  through  coils,  etc.,  1209 
gravity  circulation,  1210 
mechanical  circulation  of  air,  1207 
methods,  1202 
preheating  air,  1203 
position  of  inlets  and  outlets,  1202 
quantity  of  air  necessary,  1198 
theaters  and  auditoriums,  1203 

Ventilators,  614 

Vents,  1316 

Wagons  for  building  operations,  862 
Wall  board,  gypsum,  989 
WaUs,  615-625 

bank  vaults,  625 

brick,  616 
veneer,  621 

cold  storage  buildings,  623 

concrete,  616 

curtain,  623 

damp  proofing,  620 

faced  with  ashlar,  618 

frame,  620 

furring,  620 

insulation,  623 

masonry,  above  grade,  616 

below  grade,  615 

parapet,  617 

partition  deadening,  623 

party,  622 

retaining,  688-696 

safety  deposit  vaults,  625 

sheet  metal,  621 

specifications,  1585 

tile  and  brick,  620 
plaster,  620 

vault  construction,  624 

wood  and  plaster,  621 
Wash  borings  for  foundations,  350 
Washers  in  timber  construction,  245-248 
Water,  consumption  and  piping,  1321 

for  mixing  concrete,  1002 

properties,  1144 
Water  supply  data  and  equipment,  1245-1287 
bacterial  count,  1256 
chemical  treatment,  1261 
consumption  of  water,  1267-1260 
disinfection  and  sterilization,  1256 
filtration,  1261 
ground  water,  1246 
hardness  of  water,  1254 
hydraulic  data,  1260-1267 
incrustation,  1254 
infiltration  galleries,  1249 
iron,  removal  of,  1253 
manganese,  removal  of,  1264 
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iVater  supply  data  and  equipment,  meters,  1259 
pipes  and  fittings,  1283-1287 
pumping  equipment,  1267-1277 
purification  of  water,  1250-1267 
rain-water  filters,  1253 
rainfall,  1245 
sedimentation,  1251 
softeners  of  water,  1266 
sources  of  supply,  1245-1250 
springs,  1249 

storage  of  water,  1277-1283 
surface  waters,  1249 
tanks,  storage,  1277 
"wells,  1246-1248 
Water-tight  cellars,  369 
'Vaterless  toilet  conveniences,  1300-1312 
chemical  closets,  1306-1310 
deep  vault  type,  1300 
double  compartment  type,  1306 
dry  closets,  1310 
incinerator  closets,  1312 
outdoor  privies,  1300-1306 
pit  type,  1303 

portable  chemical  closets,  1310 
removable  bucket  type,  1305 
septic  privy,  1304 
water-tight  vault  type,  1304 
Waterproofing  of  foundations,  828 
Watson,  F.  R.,  on  Acoustics  of  buildings,  754-761 
Web  connections  in  steel  floor  framing,  414 
plates,  184 

reinforcement  for  concrete  beams  and  slabs,  130- 
135 
Weights  of  building  materials,  470 

merchandise,  334 
Welding  structural  steel,  901 
Wells,  1246-1248 
dredged,  369 
drilled,  1246 

driven  and  tubular,  1247 
dug  or  open,  1248 
interference,  1248 
i^heelbarrows,  861 
■  i^heeled  scrapers,  866 

V^hipple,    Harvey,   on   Concrete  building  stone,   1032- 
1039 
Wickwire  Spencer  Steel  Company,  1011 
Vind  bracing  of  buildings,  657-668 

bending  stresses  in  girders,  663 
collapse,  resistance  to,  658 
girders,  design  of,  664 
masonry  buildings,  667 
mill  buildings,  667 
overturning,  resistance  to,  658 
path  of  stress,  658 
pressure  on  end  of  building,  667 

side  of  building,  668 
rectangular  bracing,  660 
shear  in  girders,  663 
stresses  on  columns,  666 
triangular  bracing,  658 
unit  stresses,  658 
wind  pressure,  657 
wood  frame  buildings,  607 
Vind  load  stresses  on  roof  trusses,  56 
pressure,  657 


Windmills,  1276 
Windows,  633-635 
basement,  634 

box  frames  in  masonry  walls,  634 
casement,  633 
hollow  metal,  635 

location  for  lighting  efficiency,  1419 
pulleys,  1076 
steel,  634 
wood,  633 
Winter  construction,  equipment  for,  907 
Wire  fabric  for  concrete  reinforcement,  1006 
Wiring  concrete  buildings,  1384-1386 
Wood  borers,  359 
caissons,  368 
construction  in,  837-839 
floor  surfaces,  453 

joist,  plank,  etc.,  specifications,  1494,  1609,  1511 
sections,  properties,  96 
Wooden  beams,  98-114 

allowable  unit  stresses,  99 
bearing  at  end  of  beams,  100 
deflection,  100 

factors  considered  in  design,  98 
girders,  101 

holes  for  pipes,  etc.,  99 
horizontal  sheer,  99 
joists,  100 
kinds  of  timber,  99 
lateral  support,  100 
quality  of  timber,  99 
sized  and  surfaced  timbers,  100 
tables,  103-114 
Wooden  columns,  197-204 

bases  of  columns,  203 
built-up,  200 
formulas,  198 
ultimate  loads,  199 
Wooden  girders,  174-183 
built-up,  175 
examples  of  design,  177 
flitch-plate,  179 
solid,  175 
trussed,  180-183 
Wooden  grillage  footings,  370 
pile  foundations,  360-362 
roof  truss,  design,  511-531 
sheet-piling,  363,  866 
tension  members,  231 
Woodworking  equipment,  891-892 
boring  machines,  892 
combination  machines,  891 
jointers,  891 
power  saws,  891 
Woolson,  Prof.  I.  H.,  fire  tests  on  concrete,  341 
Workhouses,  747 

Working  estimate  in  building  operations,  819 
load,  6 
stress,  5, 
Wrecking  buildings,  821 
Wrought  iron,  962 

Xpantruss  reinforcing  system,  1021 

Yard  lumber,  912,  917 

Yield  point,  3 

Youngstown  Pressed  Steel  Company,  969,  971, 972, 1017 
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